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response to intraarterial 5-FU/IFN combination therapy.
Eligibility criteria were as follows: age, 18-80 years;
leukocyte count, >2000/ul; neutrophil count, >1200/ul;
hemoglobin, >8 g/dl; platelet count, >50000/ul; unresect-
able or not suitable for local ablation therapy, including
RFA or PEI; with PVTT or TACE was ineffective;
without hepatic venous invasion; without distant
metastases; and Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of 0-1." There was
no eligibility criterion regarding hepatic reserve func-
tion, including serum total bilirubin levels. All patients
gave written informed consent to this study, which
was approved by the Institutional Review Board of
Hiroshima University.

Treatment protocol

Patients received repeated arterial infusions of anti-
cancer agents via the injection port. One course of
chemotherapy lasted 4 weeks. 5-FU (500mg body
weight/day, Kyowa Hakko, Tokyo, Japan) was admin-
istered over 5h with a mechanical infusion pump on
days 1 to 5 of the first and second weeks (5g in one
course). Recombinant IFN o-2b (Intron A, Schering-
Plough Pharmaceuticals, Osaka, Japan); 3 x 10°U
(3MU), or natural IFN o (OIF, Otsuka Pharmaceuti-
cals, Tokyo, Japan); 5 x 10°U (5MU) was administered
intramuscularly on days 1, 3, and 5 of each week (total
dose, 36 and 60MU, respectively). In principle, treat-
ment was repeated several times unless PS changed to
3 or 4 during the treatment. A 2- to 4-week rest period
of no treatment was allowed after each treatment course.
As for the two types of IFN, we previously reported
similar effects of recombinant IFN o-2b and natural
IFN a when combined with intraarterial 5-FU for the
treatment of advanced HCC.*®

Implantation of the arterial catheter

A catheter was inserted through the right femoral artery
by the Seldinger method. After localization of the HCC,
a 3-French heparin-coated catheter was inserted and its
tip advanced to the common hepatic artery or proper
hepatic artery. The other end of the catheter was con-
nected to the injection port, which was implanted in a
subcutaneous pocket created in the right lower abdomi-
nal quadrant. The gastroduodenal artery and right
gastric artery were occluded with steel coils to prevent
gastroduodenal injury by the chemothérapeutic
agents.

Evaluation

The early response to the combination therapy was
assessed with contrast-enhanced CT after two courses
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of the combination therapy. The response was defined
according to the criteria of the Response Evaluation
Criteria in Solid Tumors (RECIST).? A complete
response (CR) was defined as the complete disappear-
ance of all target lesions. A partial response (PR) was
defined as a decrease of at least 30% in the sum of the
longest diameter of the target lesions with the baseline
sum of the longest diameter of the target lesions as the
reference. Progressive disease (PD) was defined as an
increase of at least 20% in the sum of the longest diam-
eter of target lesions. Stable disease (SD) was defined
as meeting neither the PR nor the PD criteria. The
duration of the response was measured from the date
of the start of treatment to the date of documented
progression. Adverse reactions were assessed with the
National Cancer Institute Common Toxicity Criteria
(NCI-CTC; version 3.0)% every week during the
treatment.

Additional therapy

After two courses of the combination therapy, we
assessed the response to therapy in all patients. Accord-
ing to the response, we provided various additional
therapies such as RFA, TACE, or radiotherapy (RT) to
patients treated with the combination therapy. These
additional therapies were considered for patients with
PS of 0~1 and a Child-Pugh stage of A or B. Patients
assessed with PR continued to receive the combination
therapy repeatedly. Then, when downstaging of
advanced HCC was achieved (single tumor <50mm in
diameter or 1-3 tumors <30mm in diameter) by the
repeated combination therapy, RFA was considered.
For patients assessed with SD or PD, in addition to the
combination therapy, TACE with cisplatin-lipiodol sus-
pension was performed. The catheter tip was advanced
superselectively into the feeding artery so that sufficient
anticancer agent was delivered. Among the patients
assessed with SD or PD, RT was performed for PVIT
if present. For patients assessed with CR, the clinical
course was observed without adjuvant chemotherapy or
additional therapy.

Statistical analysis

Statistical analysis was performed on 1 April 2007.
Differences between groups were examined for statisti-
cal significance using the Mann-Whitney U test, logistic
regression test, or y-squared test as appropriate. Cumu-
lative survival rate and TTP were calculated from the
initial date of the combination therapy and assessed by
the Kaplan-Meier life-table method, and differences
were evaluated by the log rank test. Univariate and
multivariate analyses of predictors for early response to
the combination therapy were assessed by logistic
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regression test. Univariate analysis of predictors of TTP
and survival of patients with HCC who received the
combination therapy was assessed by the Kaplan-Meier
life-table method, and differences were evaluated by
the log rank test. Multivariate analysis of predictors of
TTP and survival was assessed by Cox proportional
hazard model. Statistical significance was defined as a
P value of less than 0.05. All analyses described above
were performed with SPSS software (version 11, SPSS,
_ Chicago, IL, USA). In this study, we investigated pre-
treatment predictive factors of early response, TTP, and
survival in response to the combination therapy.

Results

Response to the combination therapy

The early response of the 55 patients was assessed after
two courses of 5-FU/IFN combination therapy. As a
result, 1 (2%), 15 (27%), 16 (29%), 12 (22%), and 11
(20%) patients showed CR, PR, SD, PD, or dropped
out (DO), respectively. The reasons for DO were confu-
sion (one patient), refusal after initiation of therapy
(one patient), exanthema (one patient), infection
around the catheter (four patients), and stenosis of the
hepatic artery (four patients). We investigated the pre-
treatment determinants of the early response to the
combination therapy. Univariate analysis identified
positivity to HCV antibody as the only factor with sig-
nificant influence on the early response (P = 0.028,
Table 2, Fig. 1). Of the HCV antibody-positive patients,
38.9% (14/36) showed an early response of CR or PR,
but only 10.5% (2/19) of other patients. When we com-
pared the early response between patients with Vp 0-2
and those with Vp 3/4,30.8% (8/26) of patients with Vp
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0-2 and 27.6% (8/29) of those with Vp 3/4 achieved CR
or PR, but the difference was not significant.

Time to progression

The median TTP in all 55 patients was 7.5 months [95%
confidence interval (CI), 5.1-9.9 months}, and the cumu-
lative TTP rates at 6, 12, 18, and 24 months were 60%, .
41%, 30%, and 24%, respectively. We investigated the
pretreatment determinants of TTP after initiation of the
combination therapy. Univariate analysis identified
positivity for HCV antibody as the only factor with sig-
nificant influence on TTP (P = 0.021, Table 3, Fig. 2).
The median TTP in patients with Vp 0-2 and those with
Vp 3/4 was 5.2 and 7.5 months, respectively. There was
no significant difference in TTP between these two
groups.

P=0.028
100% [

80% [

SD, PD, DO

60% [

40% [

20% [

0%
HCV
(38.9%)

Others
(10.5%)

Fig. 1. Comparison of the early response rate between the
hepatitis C virus (HCV)-positive group and others. The rate
was significantly higher in the HCV-positive group (logistic
regression test: P = 0.028). CR, complete response; PR, partial
response; SD, stable disease; PD, progressive disease; DO,
dropped out

Table 2. Univariate analysis of predictors for early response to 5-FU/IFN combination therapy

Variable Odds Ratio 95% CI P value
Age (<65 vs. >65 years) 0.463 0.136-1.572 0.217
Sex (M vs. F) 2327 0.445-12.168 0.317
HCV antibody (positive vs. negative) 6.071 1.216-30.314 0.028
Total bilirubin (<1.5 vs. >1.5mg/dl) 0.931 0.240-3.614 0.918
Platelet count (<150000 vs. >150000mg/dl) 0.978 0.278-3.437 0.972
Albumin (<3.5 vs. >3.5mg/dl) 1.390 0.441-4.376 0.574
Child Pugh stage (A vs. B, C) 2172 0.413-11.420 0.360
PS (0vs. 1) 4.965 0.576-42.810 0.145
Intrahepatic tumor volume (£50% vs. >50%) 1.690 0.458-6.237 0431
Tumor stage (III vs. IVA) 1.709 0.533-5.478 0.367
Vp (0-2vs.3,4) 0.988 0.314-3.106 0.983
AFP (10000 vs. >10000 ng/ml) 0.978 0.278-3.437 0.972
AFP-L3 (<50 vs. >50%) 0.776 0.229-2.625 0.683
DCP (<10000 vs. >10000 mAU/ml) 0.606 0.186-1.974 0.406
Treatment (performed vs. not performed) 1.833 0.563-5.970 0314

5-FU, S-fluorouracil; IFN, interferon; CI, confidence interval

— 376 —



K. Uka et al.: 5-FU/IFN for advanced HCC 849
Table 3. Univariate analysis of predictors of time to progression
Variable Hazard Ratio 95% CI P value
Age (>65 vs. <65 years) 1.348 0.177-10.263 0.773
Sex (M vs. F) 1.788 0.403-7.935 0.445
HCYV antibody (positive vs. negative) 2.775 1.169-6.590 0.021
Total bilirubin (1.5 vs. >1.5mg/dl) 0.618 0.216-1.768 0.370
Platelet count (150000 vs. >150000mg/dl) 0.739 0.307-1.777 0.500
Albumin (£3.5 vs. >3.5mg/dl) 0.705 0.300-1.655 0.421
Child Pugh stage (A vs. B, C) 2.381 0.314-18.045 0.401
PS (O vs. 1) 1.348 0.177-10.263 0.773
Intrahepatic tumor volume (<50% vs. >50%) 0.710 0.298-1.691 0.440
Tumor stage (III vs. IVA) 1.107 0.469-2.616 0.816
Vp(0-2vs.3,4) 1.195 0.512-2.790 0.680
AFP (10000 vs. >10000 ng/ml) 1.325 0.484-3.626 0.584
AFP-L3 (£50% vs. >50%) 2371 0.696-8.076 0.167
DCP (10000 vs. >10000 mAU/ml) 1.145 0.486-2.701 0.756
Treatment (performed vs. not performed) 0.671 0.282-1.595 0.367
Table 4. Univariate analysis of predictors of survival of patients with HCC who received 5-FU/IFN combination therapy
Variable Hazard Ratio 95% CI P value
Age (65 vs. >65 years) 0.763 0.402-1.449 0.408
Sex (M vs. F) v 1.208 0.527-2.769 0.655
HCV antibody (positive vs. negative) 2.283 1.165-4.474 0.016
Total bilirubin (£1.5 vs. >1.5mg/dl) - 0.628 0.308-1.278 0.199
Platelet count (<150000 vs. >150000 mg/dl) 0.690 0.355-1.340 0.273
Albumin (3.5 vs. >3.5mg/dl) 0.760 0.398-1.451 0.406
Child Pugh stage (A vs. B, C) 0.527 0.228-1.216 0.133
PS (Ovs. 1) 3.413 1.391-8.375 0.007
Intrahepatic tumor volume (£50% vs. >50%) 0.753 0.383-1.481 0411
Tumor stage (III vs. IVA) 0.670 0.342-1.313 0.243
Vp (0-2 vs. 3, 4) 0.745 0.389-1.427 0.374
AFP (10000 vs. >10000ng/ml) 0.947 0.445-2.017 0.888
AFP-L3 (£50% vs. >50%) 0.898 0.430-1.871 0.773
DCP (<10000 vs. >10000mAU/ml) 0.753 0.394-1.438 0.390
Treatment (performed vs. not performed) 0.627 0.319-1.230 0.175
Additional therapy (performed vs. not performed) 1.129 0.583-2.188 0.719
1.0 Survival
2 03 P=0.021 The median survival in the whole group was 9.0 months
£ 3 — OV (95% CI,7.0~11.0 months), and the cumulative survival
g 06 | = « Others rates at 6, 12, 18, and 24 months were 67%, 39%, 22%,
€ 1 and 17%, respectively. We investigated the pretreat-
.E 0.4 1 ment determinants of survival after initiation of the
‘!_,___, 5-FU/IFN combination therapy. Univariate analysis
0.2 = = o 3 identified PS = 0 (P = 0.007) and positivity for HCV
0.0 .! antibody (P = 0.016) (Table 4, Fig. 3) as factors that

0 6 12 18 24 30 36 42 48

Foliow-up period {months)

Fig. 2. Comparison of the time to progression between the
HCV antibody-positive group and others. The rate was
significantly higher in the HCV-positive group (log-rank test:
P =0.021)

significantly influenced survival. Since it was possible
that the variables were mutually correlated, we per-
formed a multivariate analysis and identified PS =0 (P
=(.003) and positivity for HCV antibody (P = 0.007) as
significant and independent determinants of survival
(Table 5). The median survival time of patients with Vp
0-2 and of those with Vp 3/4 was 13.0 and 8.0 months,
respectively. There was no significant difference in sur-
vival between these two groups.
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Table 5. Multivariate analysis of predictors of survival of patients with HCC who

received 5-FU/TFN combination therapy

Variable Hazard Ratio 95% CI P value

PS (O vs. 1) 4.056 1.601-10.276 0.003

HCYV antibody (positive vs. negative) 2.555 1.286-5.079 0.007

L0 Adverse reactions and complications

. 08 P=0016 The most common adverse reactions were fever, nausea,
B HCV and loss of appetite, but these were mostly NCI-CTC
£ 06 e = Others grade 1 or 2. Among patients with various NCI-CTC
U% grade 3 adverse reactions, leukopenia was observed in

0.4

0.2 L.

0.0

—_
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LI-I—I1

Follow-up period (months)

Fig. 3. Comparison of the cumulative survival rates between

the HCV antibody-positive group and others. The rate was

significantly higher in the HCV-positive group (log-rank test:
016

0.6

Survival rate

0.4

0.2

“ SosusmmEasnIRERAY
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0 6 12 18 24 30 36 42 48
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Fig. 4. Comparison of the cumulative survival rates among
patients with CR/PR, SD, or PD/DO. The rate was signifi-
cantly higher in patients who achieved CR/PR than those who
showed SD (log-rank test: P < 0.0001) or PD/DO (log-rank
test: P < 0.0001)

The cumulative survival rates of patients who achieved
CR/PR at 6 and 12 months were 100% and 80%, respec-
tively. On the other hand, the cumulative survival rates
of patients who showed SD or PD/DO at 6 and 12
months were 64% and 9%, and 57% and 25%, respec-
tively. The survival rate was significantly higher in
patients who achieved CR/PR than in the other patients
(P < 0.0001, Fig. 4).

seven (12.7%) patients, and thrombocytopenia in five
(9.1%). None required administration of granulocyte
colony-stimulating factor or blood transfusion. Five
(9.1%) patients showed infection associated with the
indwelling catheter. In this study, the number of patients
with serum total bilirubin levels >3mg/dl was three
(3.7mg/dl, 4.7mg/dl, and 6.4mg/dl). Other hepatic
reserve functions and PS of the three patients was good
(albumin, 4.1, 3.3, and 3.9 ¢g/dl; prothrombin time, 60, 91,
and 83%; PS, 0 in all cases). These three patients did
not show any severe adverse reaction.

Additional therapy

Among the 55 patients, one (2%), ten (20%), and four
(8%) patients were treated with RFA, TACE, and RT,
respectively, as additional therapies for PVTT. The
median survival time in patients receiving and in those
not receiving additional therapies was the same at 9.0
months. There was no significant difference in survival
between the two groups (Table 4).

Causes of death

Seventeen patients were still alive at the end of the
observation period, and 38 patients had died. All 38
patients died of intrahepatic HCC-related disease.

Discussion

The median survival time of HCC patients with PVTT
in the portal trunk is reported to be about 90 days with
supportive care.”® Recent studies have reported the
efficacy and survival benefits of combination therapy
with intraarterial 5-FU and IFN in a large number of
patients with advanced HCC.'*"" In particular, Ota et
al.’ assessed 55 patients with advanced HCC, multiple
lesions, and Vp 3 or 4, and Obi et al.”” assessed 116
patients with advanced HCC with Vp 3 or 4. These -
two studies assessed only patients with advanced HCC/
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Vp 3 or 4. Thus, the favorable survival results they
reported suggest that combination therapy with intra-
arterial 5-FU and IFN is potentially useful also for
HCC with Vp 0-2. Although TACE is the standard
treatment option for nonresectable HCC, many patients
with nonresectable HCC either show a poor response
to TACE or are not suitable candidates for TACE.
The prognosis of patients with nonresectable HCC who
are not treated with TACE is poor, so an effective
treatment for such patients is needed. In this study,
we treated a heterogeneous group of patients with
advanced HCC (i.e., patients with nonresectable HCC
and Vp 3 or 4, those with nonresectable HCC and Vp
2 who were not suitable candidates for TACE, and
those with nonresectable HCC without PVTT who
showed a poor response to TACE). There was no sig-
nificant difference in early response, TTP, or survival
between HCC patients with Vp 0-2 and those with Vp
3/4. Hence, with regard to the response to 5-FU/IFN
combination therapy, PVTT grade does not seem to
be an important factor.

The objective response rates (CR and PR patients/all
patients) reported in the above two studies'®' were
43.6% (24/55 patients) and 52.6% (61/116 patients). In
our study, the objective response rate, based on the
early response, was 29% (16/55 patients). One reason
for the discrepancy may be that the response was evalu-
ated differently in the three studies. Ota et al.'® and Obi
et al.'” used ECOG criteria, but we used RECIST crite-
ria. Second, the inclusion criteria were different. Ota
et al.” included patients with aspartate aminotransfer-
ase (AST) or alanine aminotransferase (ALT) of less
than 100IU/ and patients with total bilirubin of less
than 1.4mg/dl, whereas Obi et al.”” mentioned no inclu-
sion criteria related to AST or ALT, though they used
a total bilirubin level of 3.0mg/dl as a cutoff. In our
study, we used no inclusion criteria related to AST or
ALT. Third, the assessment day in our protocol may be
earlier than that in the other two studies. In our study,
the early response cumulative survival rate was signifi-
cantly higher in patients who achieved CR/PR than in
those with SD or PD/DO (P < 0.0001, each). The early
response is an important posttreatment predictor of
survival of patients with advanced HCC -on 5-FU/IFN
combination therapy. An early response of CR or PR
promises a good prognosis.

The cumulative survival rates reported by Ota et al.'®
and Obi et al."” at 12 and 24 months were 48.9% and
28.8%, and 34% and 18%, respectively. In our study,
the cumulative survival rates at 12 and 24 months were
39% and 17%, respectively. We obtained survival rates
almost identical to those reported by Obi et al.,”” but
Ota et al."® obtained better survival rates. This discre-
pancy may be due to the differences in the inclusion
criteria, as described above.
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Our results indicated that HCV antibody positivity
was a significant pretreatment - predictor of early
response, TTP, and survival of patients with advanced
HCC treated with 5-FU/IFN. On the other hand, PVTT
grade and total bilirubin levels were not significant pre-
dictors. Though we established no eligibility criterion
regarding serum total bilirubin levels, the median total
bilirubin level was 1.1 mg/dl (range, 0.4-6.4). Therefore,
total bilirubin levels may not be statistically significant
predictors in this study. In this study, three patients had
serum total bilirubin levels >3mg/dl. These patient
achieved PR, SD, and PD. Though the three patients
with high bilirubinemia (=3 mg/dl) were safely treated
in this study, we think that 5-FU/IFN combination
therapy should be used with caution in patients with
advanced HCC with high bilirubinemia. In general, the
prognosis of HCC patients with Vp 3 or 4 is poorer than
those with Vp 0-2. In this study, we treated a heteroge-

~ neous group of patients with advanced HCC as described

above.Therefore, HCC with Vp 0-2 cases were advanced
HCC cases in this study. All 55 patients were thought to
have a poor prognosis at the time of enrollment in this
study. Achievement of a good early response is impor-
tant for good survival. A study with larger sample size
may show the importance of PVTT grade and total bili-
rubin level.

Obi et al."” also reported that positivity to HCV anti-
body might be a predictor of CR in patients with
advanced HCC treated with 5-FU/IFN. Why is HCV
antibody positivity a predictor of the efficacy of combi-
nation therapy? One reason may be the underlying
mechanisms associated with hepatocarcinogenesis. In
our study, 36 patients were infected with HCV, 15 with
hepatitis B virus (HBV), and four with non-B non-C
hepatitis. Although the probability of hepatocarcino-
genesis is high for both HBV and HCV infections,
some differences have been noted with regard to their
relationship with HCC.** HCV is an RNA virus, and
viral genes are not integrated into the host genome.
On the other hand, HBV:is a DNA virus with reverse-
transcriptase 'activity. HBV-mediated hepatocarcino-
genesis is reported to be associated with the integration
of viral DNA into the host genome.”** The integration
of the HBV genome into the host genome may diminish
the effect of intraarterial 5-FU/IFN combination
therapy. A second reason may be the differentiation of
the cytokine pattern in HBV and HCV hepatitis.”
Falasca et al.” reported the presence of high levels of
Th1 cytokines, particularly during the course of chronic
hepatitis B. They also reported that interleukin (IL)-18
and IL-6 levels might play important roles in both
inflammation and hepatic injury, particularly during the
course of hepatitis C infection. IFN may play a different
role in patients with advanced HCC associated
with HBV or HCV. In this study, the efficacy of the
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combination therapy for advanced HCC patients with
non-B non-C hepatitis was not clear because of the
small number (n = 4) of those patients.

The DO proportion was high in this study (20%).
Two major reasons for DO were infection around the
catheter and stenosis of the hepatic artery. In this study,
we established no eligibility criterion regarding the
hepatic reserve function, including serum total biliru-
bin. Poor hepatic reserve function and high bilirubine-
mia might affect infection around the catheter. On
the other hand, previous treatment with TACE might
injury the hepatic artery and affect hepatic artery
stenosis.

In conclusion, HCV antibody positivity might be a
pretreatment predictive factor for early response, TTP,
and survival of patients with advanced HCC treated
with intraarterial 5-FU/IFN combination therapy. Early
response to the combination therapy might be a signifi-
cant posttreatment predictor of survival. Thus, patients
who do not achieve CR or PR during the early phase of
combination therapy should be switched to another
treatment modality. Our results also showed that PVTT
grade does not seem to be an important factor in the
prognosis of patients with advanced HCC treated with
5-FU/IFN combination therapy. Further studies with
long-term follow-up and a larger sample size are
needed.
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Emergence of a lamivudine (LAM)-resistant
hepatitis B virus (HBV) with amino acid substitu-
tions in the YMDD motif is a well-documented
problem during long-term LAM therapy. Entecavir
(ETV) is a new drug approved for treatment of HBV
infection with or without LAM-resistant mutants.
This report describes an ETV-resistant strain of
HBV, which emerged after prolonged ETV therapy
in a patient who did not respond to LAM therapy.
Direct sequence analysis of the ETV-resistant
strain showed appearance of amino acid substi-
tution rtS202G in the reverse transcriptase (RT)
domain, together with rtL180M + M204V substitu-
tion that had developed atthe emergence of LAM-
resistant mutant. In vitro analysis demonstrated
that the rtL180M + M204V + S202G mutant strain
displayed a 200-fold and a 5-fold reduction in
susceptibility to ETV compared with the wild-
type and the rtL180M + M204V mutant strain,
respectively. Adefovir was effective against the
ETV-resistant strain both in vitro and during
the clinical course. In conclusion, this study
showed that virological and biochemical break-
through due to ETV could occur in patients
infected with LAM-resistant HBV and confirmed
that the addition of rtS202G substitution to the
rtL180M + M204V mutant strain is responsible for
ETV resistance and we could treat the resistant
mutant successfully. J. Med. Virol. 79:1811-
1817, 2007. © 2007 Wiley-Liss, Inc.

KEY WORDS: HBV; rtS202G; lamivudine; ade-
fovir; in vitro

© 2007 WILEY-LISS, INC.

INTRODUCTION

Hepatitis B virus (HBV) is a small enveloped DNA
virus known to cause chronic hepatitis and often leads to
liver cirrhosis and hepatocellular carcinoma [Bruix and
Llovet, 2003; Ganem and Prince, 2004]. To date,
interferon and three nucleoside and nucleotide analogs
(lamivudine [LAM], adefovir dipivoxil [ADV], and
entecavir [ETV]) have been approved for the treatment
of chronic HBV infection. Nucleoside and nucleotide
analogues suppress HBV replication in most patients
and improve transaminase levels and liver histology
[Nevenset al., 1997; Lai et al., 1998; Suzuki et al., 1999].
However, prolonged therapy results in the emergence of
drug-resistant mutants.

LAM is associated with a higher rate of emergence of
drug-resistant mutants than ADV or ETV, which is 24%
and 70% after 1 and 4 years of therapy, respectively,
followed by increases in viral load and re-elevation of
transaminase levels [Lai et al., 2003]. Most LAM-resistant
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framePCR,polymerase chain reactionRT,reverse transcriptase
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strains show amino acid substitutions in the YMDD
(tyrosine—methionine—aspartate—aspartate) motif in
the C domain of HBV polymerase. In addition to the
emergence of the YMDD mutation, rtL180M and rtV173L
mutations in the B domain of HBV polymerase are
frequently observed [Allen et al., 1998; Delaney et al.,
2003].

Both in vitro and clinical studies have shown recently
that ADV and ETV could suppress both wild-type and LAM-
resistant strains and were confirmed as salvage therapy for
LAM-refractory patients {Levine et al., 2003; Sherman
et al., 2006; Rapti et al., 2007]. However, a few studies have
already reported the emergence of resistant mutants to
these drugs. 4

ADV-resistant mutations are infrequent and their
appearance is delayed in treatment-naive patients;
mutation occurs at 0% after 1 year and 28% after 5 years
and the selection of rtA181V/T or rtN236T mutant was
associated with resistance to ADV [Maecellin and
Asselah, 2005]. On the other hand, the emergence rate
of ADV.resistant mutations in LAM-resistant patients
was 18% after 48 weeks of ADV monotherapy [Lee et al.,
2006]. A recent study reported patients treated with
combination therapy of ADV with LAM did not develop
resistance to ADV for 3 years [Rapti et al., 2007].

ETV is the most novel nucleotide analogue of the three
drugs and displays greater in vitro potency than LAM or
ADV against wild-type HBV. ETV-resistance is reported
to be rare in treatment-naive patients [Colonno et al.,
2006]. However, ETV-resistant mutants appeared at 6—
9% per year in LAM-refractory patients [Tenney et al.,
2004, 2007; Sherman et al., 2006].

In the present study, an ETV-resistant strain of HBV was
identified after prolonged ETV therapy in a patient who did
not respond to LAM therapy. To our knowledge, this is the
first report that breakthrough hepatitis was induced by
emergence of an ETV-resistant strain and was successfully
treated with ADV. This study checked the importance of
amino acid substitutions in the HBV polymerase for
resistance to ETV in vitro. Furthermore, the susceptibility
of the mutant strain to ADV was analyzed.

MATERIALS AND METHODS
Antiviral Compounds

LAM [(~)-B-L-2, 3'-dideoxy-3'-thiacytidine] was pro-
vided by GlaxoSmithKline (Stevenage, Herts, UK).
Adefovir {9-[2-(phosphonomethoxy)ethyll-adenine} was
provided by Gilead Sciences (Foster City, CA), and
ETV {2-amino-1,9-dihydro-9-[(15,3R,48)-4-hydroxy-3-
(hydroxymethyl)-2-methylenecyclopentyl]-6H-purin-6-
one, monohydrate} was provided by Bristol-Myers Squibb
Pharmaceutical Research Institute (Wallingfold, CT).

Analysis of Virological Markers

Hepatitis B surface antigen (HBsAg), hepatitis B e
antigen (HBeAg), and antibody against HBeAg (anti-
HBe) were determined by enzyme immunoassay kits
(Abbot Diagnostics, Chicago, IL). HBV-DNA was
measured by real-time PCR using the Light Cycler

J. Med. Virol. DOI 10.1002/jmv
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{Roche, Mannheim, Germany) by the polymerase chain
reaction (PCR). The primers used for amplification were
5-TTTGGGCATGGACATTGAC-3' and 5-GGTGAA-
CAATGTTCCGGAGAC-3'. The amplification condition
included initial denaturation at 95°C for 10 min,

_followed by 45 cycles of denaturation at 95°C for

15 sec, annealing at 58°C for 5 sec and extension at
72°C for 6 sec. The lower detection limit of this assay was
300 copies.

Cloning of HBV-DNA and Plasmid Construction

HBV-DNA was extracted from 100 pl of serum
samples by SMITEST (Genome Science Laboratories,
Tokyo, Japan) and was disselved in 20 pl H;0. The full-
length HBV-DNA was amplified using the above HBV-
DNA samples by the method of Gunther et al. [1998].
Nucleotide sequence positions were numbered from the
unique EcoRI site. The 1.4 genome lengths HBV-DNA
amplified from the serum of a patient who showed ETV
resistance was cloned into a plasmid vector pcDNA3
(Invitrogen, San Diego, CA). In brief, the PCR product
amplified using serum from the patient was cleaved
with BamHI and Apal (HBV positions 1,400-2,600)
and cloned into pcDNA3, which was named pcDNA3-1.
Similarly, the PCR product was cleaved with Apal and
BamHI (HBV positions 2,600-3,215, 1-1,400) and
cloned into pBluerseript SK+ (Stratagene, La Jolla,
CA), which was named pB-1. The Kpnl-BamHI frag-
ment from pB-1 and Kpnl-Apal fragment from
pcDNA3-1 were cloned into pcDNA3-1. To introduce
the nucleotide substitutions into the rtLL180M, M204V,
and S202G, site-directed mutagenesis was performed
using the QuickChange Site-Directed Mutagenesis kit
(Stratagene). Four plasmids with/without amino acid
substitutions were created and are listed in Table IV.

Cell Culture, Transfection, and
Determination of IC5,

HepG2 cells were grown in Dulbecco’s modified
Eagle’s medium supplemented with 10% (v/v) fetal
bovine serum (FBS) at 37°C under 5% CQ,. Cells were
seeded to semi-confluence in 6-well tissue culture plates.
Transient transfection of the plasmids into HepG2 cell
lines was performed using TransIT-LT1 (Mirus, Madi-
son, WI) according to the instructions provided by the
supplier. To determine 50% inhibitory concentrations
(ICsgs) for each anti-viral drug, various concentrations
of LAM, ADV, and ETV were added after 24 hr to the
culture plate containing the cells, and harvested after
5 days. The medium containing the drugs was changed
at days 1, 3, and 4. All experiments were performed in
triplicate. GraphPad prism (GraphPad Prism Software,
Inc., San Diego, CA) was used to determine the best-fit
values for individual dose—response equations.

Analysis of Replicative Intermediate of
HBYV by Quantitation

The cells were harvested at 5 days after transfection
and lysed with 250 ul of lysis buffer (10 mM Tris-HCI [pH
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7.4], 140 mM NaCl, and 0.5% (v/v) NP-40) followed by
centrifugation for 2 min at 15,000g. The core-associated
HBV genome was immunoprecipitated by mouse anti-
core monoclonal antibody 2A21 (Institute of Immunol-
ogy, Tokyo) and subjected to Southern blot analysis after
SDS/proteinase K digestion followed by phenol extrac-
tion and ethanol precipitation. Quantitative analysis
was performed by real-time PCR with cyber green using
Light Cycler. The HBV-specific primers used for
amplification were 5-TTTGGGCATGGACATTGAC-3'
and 5-GGTGAACAATGTTCCGGAGAC-3'. The ampli-
fication conditions included initial denaturation at 95°C
for 10 min, followed by 45 cycles of denaturation at 95°C
for 15 sec, annealing at 58°C for 5 sec, and extension at
72°C for 6 sec. The lower detection limit of this assay was
300 copies.

Statistical Analysis

Data are expressed as mean + SD. Group comparisons
were performed using the Student’s ¢-test. A P-value of
less than 0.05 was considered statistically significant.

_ RESULTS
Patient’s Profile

An ETV-resistant strain of HBV was isolated from a
44-year-old Japanese woman with hepatitis B e antigen-
positive chronic HBV infection (Fig. 1A). In this patient,
LAM successfully reduced the HBV at theinitial stage of

treatment month (a}‘ I) (1:; x)pli)e':/zl)
3 246 7.2
0 46 5.2
5 28 3.7
1 33 4.1
17 72 1.5
18 1184 5.6
20 39 39
23 34 34
27 117 7.1
31 112 1.2
39 40 29
43 28 42
56 140 6.8
57 313 6.8
60 38 4
71 24 33
75 19 3.1

Fig. 1. Clinical course of a patient who developed entecavir resistant
mutant.
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treatment. However, viral breakthrough was observed
at 11 months after the beginning of LAM therapy and
the HBV viral load reached up to 7.5 log copies/ml. After
17 months of LAM, interferon was added to LAM
therapy for 6 months. However, after withdrawal of
IFN, the viral load and ALT rebounded. Thus, the
patient was switched to 0.5 mg of ETV. This resulted in
reduction of HBV-DNA and normalization of ALT. After
12 months of ETV therapy, the viral load rebounded, and
following 12 more months of ETV, breakthrough
hepatitis was observed. After stopping ETV, because
of the inadequate effect of IFN monotherapy for
one month, the patient was switched to 10 mg of ADV.
This treatment reduced both the viral load and ALT
level to acceptable levels (Fig. 1).

Isolation of a Multiple Drug-Resistant
Hepatitis Strain

Isolates from this patient were analyzed for substitu-
tions in HBV reverse transcriptase (RT). Comparison
of the nucleotide sequences by the direct sequence
method obtained throughout the clinical course showed
three amino acid substitutions in the RT domain of the
polymerase (Table I). At the baseline of LAM, all three
substitutions were of the wild-type by direct sequence
analysis and clonal analysis (Table II). After break-
through hepatitis induced by LAM, direct sequence
analysis showed mixed type (YIDD and YVDD) mutant
strain. The rtM204V mutant was detected in 65% of
HBV clones and the rest were all the YIDD type.
Importantly, at this point, there was no amino
acid substitution at rt202. After 12 months of ETV
therapy when the viral load was slightly increased,
the rtL180M + M204V + S5202G mutant was detected
in 45% of the HBV clones, followed by decrease of
the YIDD and YVDD mutants without substitution
at rtS202G. Finally, after 24 months of ETV therapy,
when the breakthrough hepatitis occurred, the
rtL180M + M204V + S202G mutant was detected in
92% of the HBV clones and the rest were rtL180M +
M204V mutants without substitution at rtS202G.
Interestingly, the rtM204I+ S202G strain never
appeared during nucleotide therapy.

Susceptibility of Mutants to Entecavir In Vitro

To analyze the role of the rtL180M, rtG202S, and
rtM204V substitutions in ETV resistance, four patient-
specific strains were transfected into HepG2 cells
(Table III). ETV was added after 24 hr to the culture
plate containing the cells, and harvested after 5 days.
The core-associated HBV genome was extracted from
cells and quantified by real-time PCR. The double
amino acid substitutions rtL180M + M204V, which
is related to LAM resistance, displayed a 38-fold
decrease in susceptibility to ETV compared with the
wild-type. Moreover, triple amino acid substitutions
rtL180M + M204V + S202@G, isolated from the patient

J. Med. Virol. DOI 10.1002/jmv
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TABLE 1. Direct Sequence Analysis of Samples From Our Patient
With Entecavir (ETV) Resistance

rt L180 rt 5202 rt M204
(1) At the beginning of LMV — — —
(2) At the beginning of ETV LM — w
(3) One year after ETV M G/S A%
(4) Two years after ETV M G A%

LMV, lamivudine.

who developed breakthrough hepatitis during ETV
therapy, induced 198 times greater resistance than
the wild-type. In agreement with the above data, the
appearance of the rtS202G substitution in the
rtL180M + M204V mutant strain resulted in a fivefold
decrease in ETV susceptibility. On the other hand, only
a single amino acid substitution rtS202G, which was
artificial and did not truly exist, had little effect on the
susceptibility to ETV (Table I11, Fig. 3).

Susceptibility of Mutants to Lamivudine and
Adefovir In Vitro

The susceptibility of the rtL180M +M204V and
rtL180M + M204V + S202G mutants to LAM was also
analyzed using transient transfection assay with
HepG2 cells. Both strains displayed strong resistance
to LAM (>1,000-fold). We also examined whether ADV
was as effective against the rtL180M + M204V + S202G
mutant strain as the wild-type. The ICsq values of the
mutant strain and wild-type for adefovir were almost

the same, which displayed the same resultin vivo (Fig. 2,
Table IV).

DISCUSSION

The present study describes the identification of an
ETV-resistant strain of HBV after prolonged ETV
therapy in a patient who was resistant to LAM therapy.
Using direct sequencing and clonal analysis, the results
demonstrated that the addition of rtS202G mutation to
the LAM-resistant mutant strain correlated with the
ETV-resistance. To our knowledge, this is the first
report of a patient who developed not only virologic
breakthrough but also biochemical breakthrough, fol-
lowed by successful treatment with ADV (Fig. 1).

Clonal analysis showed mixed type of LAM-resistant
strains at the commencement of ETV treatment. All of

the rtM204V mutant strains were accompanied by
rtL180M mutation, but none of the rtM2041 mutant
did. After 1 year of ETV therapy, the rtL180M +
M204V + S202G mutant emerged in 45% of the HBV
clones. Furthermore, almost all clones became the
rtL.180M + M204V + S202G variant 2 years after ETV
therapy. These results suggest two important things.
Firstly, the addition of the rtS202G mutant to the
rtM204V mutant induced the ETV resistance. Secondly,
the S202G was induced only in the mutant strains with
rtM204V not in the rtM2041.

The in vitro study described in this article demon-
strated that the rtL180M + M204V mutation reduced
the susceptibility to ETV by 38-fold compared with wild-
type (Table III). Furthermore, the addition of the
rtS202G substitution to the rtL180M + M204V mutant
strain resulted in a fivefold decrease in ETV suscepti-
bility. Interestingly, the single S202G substitution did
notinduce ETV resistance in vitro. Thus, it appears that
the rtS202G substitution never reduced the suscepti-
bility to ETV in the absence of rtM204V substitution.
The amino acid substitutions rtS202G have been
reported to emerge with resistance against ETV [Yim
et al., 2006; Tenney et al., 2007; Villet et al., 2007]. In all
previous studies, the rtS202G mutation was accompa-
nied by rtM204V substitution and our results are
similar to those of the reported in vitro studies. It is
known that other amino acid substitutions, rtT184 and
rtM250 in the RT domain are associated with ETV
resistance and they also need the substitution at rt204 to
achieve such resistance. Tenney et al. [2004] reported
that the rates of T184, S202, and M250 mutations in
LAM-resistant patients before ETV treatment were
5.2%, 1.2%, and 1.8%, respectively. Moreover, these
ETV-resistance-related residues emerged in 6% more
patients by 1-year ETV therapy and 8% more patients by
2-year therapy.

TABLE II. Clonal Analysis of Samples From the Patient With Entecavir (ETV) Resistance

Relative rate (%) of clones (no. of clones/total)

L180M + M204V + S202G

Wild M2041 L180M + M204V
(1) At the beginning of LMV 100 (6/6) 0 0 0
(2) At the beginning of ETV 0 35 (7/20) 65 (13/20) 0
(3) 12 months after ETV 0 14 (3/22) 41 (9/22) 45 (10/22)
(4) 24 months after ETV 0 0 8 (1/13) 92 (12/13)

LMV, lamivudine.

J. Med. Virol. DOI 10.1002/jmv
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TABLE III. In Vitro Susceptibility of rt1.180/rtM204/rtS202 Mutants to Entecavir

ETV
rt L180 rt M204 rt S202 ICs50 (WM) Resistance (fold)
Wild — — - 0.00081 1
5202G — — G 0.00054 0.67¢
L180M + M204V + S202G M \% G 0.16 198%*

Experiments were performed in triplicates.
“NS, not significant.
#*P < 0.001 compared with the wild-type.

In the present study, clonal analysis showed the
rtS202G substitution was induced only in the mutant
strains with rtM204V but not in the rtM204I, as
described recently [Yim et al., 2006; Tenney et al.,
2007; Villet et al., 2007]. A recent study demonstrated
similar results; all 16 patients with virologic rebounds
with ETV resistance had the rtM204V substitution,
either alone or in combination with rtM2041 substitu-
tion [Tenney et al., 2007]. Ono et al. [2001]} reported that
the clinical frequency of LAM-resistant mutants
was 18.6% for the rtM204I, 1.4% for the rtM204V,
11.4% for the rtL180M + M204I, and 64.3% for the
rtL180M + M204V. In other words, most of the YVDD
mutants were accompanied with rtLL180M mutation. On
the other hand, only about one-third of YIDD mutants
were accompanied with rtL180M. Previous in vitro
studies demonstrated that both the rtM2041 and
rtL180M + rtM204V substitutions had incomplete
cross-resistance to ETV, and reported that the
rtL180M + rtM204V mutant was more susceptible than
the rtM204I mutant. The replication capacity of the
rtL180M +rtM204V was four-times larger than the
rtM204] mutant [Ono et al.,, 2001]. Thus, it was
considered that the addition of rtS202G substitution to
the rtL180M + rtM204V mutant could strengthen the
replication ability, or could reduce susceptibility to ETV
more strongly than the rtM2041 mutant. Further
studies are needed to confirm the above hypothesis.
There is no consensus regarding the management of
patients with ETV resistance. There are few reports of
successful treatment of ETV resistant viruses in vivo.

Villet et al. [2007] reported that ADV was clinically
effective for virological breakthrough caused by ETV-
resistant HBV variant. However, different from the
previous report, the present study demonstrated
the emergence of biochemical breakthrough after
viral rebound caused by ETV resistance. Moreover, it
was confirmed that ADV was effective in not only
viral breakthrough but also biochemical breakthrough.
Our in vitro study also indicated that the rtL180M +
M204V + 5202G mutant had noresistance against ADV.
This result is compatible with the response in vive. In
this regard, recent studies demonstrated that ADV and
tenofovir are effective for ETV-resistance in vitro and
that ADV was definitely effective against other ETV-
related amino acid substitutions S184 and M250 in vitro
[Tenney et al., 2007; Villet et al., 2007]. However, the
clinical effect has never been reported.

In conclusion, the present study showed that viro-
logical and biochemical breakthrough due to ETV
could occur in patients infected with LAM-resistant
HBV. It was confirmed that the addition of rtS202G
substitution to the rtM204V mutant strain is respon-
sible for ETV resistance and the resistant mutant
could be treated successfully. While ETV resistance is
rare in treatment-naive patients, the amino acid sub-
stitution associated with ETV resistance is similar to
the substitution seen in patients with LAM-resistance.
Thus, it is considered that the successful salvage
therapy described in this study could be a potentially
helpful for similar events during ETV therapy. The
possibility of emergence of novel mutants resistant to

-y AL T
IFN —a— HBV-DNA
400 182
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S 300 A
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F 200 s 2
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Fig. 2. Clinical course of a patient who developed breakthrough during entecavir therapy.
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Fig. 3. In vitro analyses of susceptibilities of wild-type HBV and three mutants (rtS202G,
rtL180M +M204V, rtL180M + M204V + S202G) to entecavir (ETV) after transient transfection into
HepG2 cells. Cells were transiently transfected with plasmids containing 1.4 genome lengths HBV and
treated with the indicated amount of entecavir. Data are the dose—response curves of the four HBV strains
against entecavir. The strains were used to estimate the entecavir ICsq values for each HBV strains. Values
are relative to no entecavir treatment controls for each strain. Experiments were performed in triplicates.

TABLE IV. In Vitro Susceptibility of rtS202/rtM204 Mutant to Lamivudine (LAM) and

Yatsuji et al.

Adefovir (ADV)
LAM ADV
ICs50 (uM)  Fold resistance  ICso (uM)  Fold resistance
Wwild 0.1 1 0.39 1
L180M + M204V >100 >1,000%* — —
L180M +M204V + S202G >100 >1,000%* 0.32 0.82°

Experiments were performed in triplicates.
NS, not significant.
**P < §.001 compared with the wild-type.

multiple anti-HBV drugs is real. Therefore, further
studies are necessary to develop safes and more useful
treatment strategies.
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Abstract

Aim: Intra-arterial 5-fluorouracil (5-FU) plus interferon (IFN) combination ther-
apy is effective against advanced hepatocellular carcinoma (HCC) with portal vein
tumour thrombosis. In this study, we compared the efficiency and safety of
recombinant IFN-a-2b with natural IFN-a as components of the' combination
therapy. Methods: Consecutive HCC patients (n=31) with portal vein tumour
thrombosis were enrolled in this prospective study. They received combination
therapy of 5-FU and either recombinant IFN-a-2b (R group, n = 15) or natural IFN-
a (N group, n=16). We compared the two groups for the early response rate,
adverse reactions, time to progression (TTP) and survival rates. In addition, we
assessed the cost-effectiveness of each protocol. Results: The early response rate (R:
26.7%, N: 31.2%), median TTP (R: 5.8 months, N: 5.6 months) and median survival
time (R: 7.5 months, N: 6.5 months) were not significantly different between the R
and N groups. There were no differences in adverse reactions between the two
groups. The estimated cost-effectiveness ratio of recombinant IFN-a-2b was better
than natural IFN-a. Conclusions: In our protocol of combination therapy, there
were no significant differences between recombinant IFN-a-2b and natural IFN-¢
with regard to early response to therapy, adverse effects, TTP and survival rates.
5-FU could be combined with either recombinant IFN-a-2b or natural IFN-g,
although the cost-effectiveness of the former warrants its use clinically.

Hepatocellular carcinoma (HCC) is one of the most
common neoplasms in Africa and Asia including
Japan, and HCC-related deaths are increasing world-
wide including Japan (1-3). Despite the progress in
diagnostic techniques and therapeutic procedures,
such as ultrasonography, computed tomography, mag-
netic resonance imaging, angiography, surgical resec-
tion, radiofrequency ablation (RFA), percutaneous
ethanol injection (PEI) and transcatheter arterial che-
moembolization (TACE), the prognosis of patients
with HCC remains unsatisfactory. Furthermore, the
survival rates of patients with advanced HCC and
complications such as portal vein tumour thrombosis
(PVTT) or distant metastasis remain extremely poor
(4-8). PVTT frequently develops in HCC patients. In
HCC patients with PVTT, tumour cells may spread out
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through the portal tract, resulting in intra-/extrahepa-
tic metastases. Furthermore, portal vein occlusion may
cause liver failure, ascites or variceal rupture. Thus, the
performance status (PS) of HCC patients with PVTT
gradually worsens, rendering them unsuitable for any
treatment of HCC. ,

Advances in implantable drug-delivery systems have
made it possible to administer repeated arterial infu-
sions of anticancer agents. Recent studies reported the
effectiveness of combination therapy of intra-arterial
5-fluorouracil (5-FU) and subcutaneous interferon
(IFN)-a therapy for advanced HCC (9-11), with a
response rate ranging from 47 to 73%. The majority of
these studies used natural IFN-a.. To our knowledge,
there are no reports that have compared the effects of
combination therapy of intra-arterial 5-FU and IFN
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Table 1. Clinical profiles of the 31 patients with hepatocellular carcinoma

Recombinant IFN-a-2b Natural IFN-a P value
N 15 16
Age (years) 59 (26-79) 65(52-76) NS
Sex (male/female) 12/3 1472 NS
Grade of portal vein invasion (Vp 2/3/4) 2/3/10 1/8/7 NS
Main tumour size (mm) 52 (15-160) 57(25-140) NS
Tumour volume { < 50%/>50%) 9/6 10/6 NS
Child—Pugh grade (A/B/C) 10/5/0 13/3/0 NS
AFP (ng/mL} 3922.7 (51.2-708 100) 1957 (14.3-377 700) NS
DCP (mAU/mL) 17874 (< 10 -233450) 11476 (46-722 140) NS
Aetiology (HBV/HCV/others) 5/7/3 411N NS
Leucocyte count (/ul) 5790 (2210-8940) 6255 (2890-8910) NS
Neutrophil count (/uL) 3395 (1260-6884) 4536 (1531-7008) NS
Haemoglobin (g/dL) 12.5(8.4-16.4) 12.9(8.6-16.2) NS
Platelet count {/ul) x 10° 14.2 (5.1-54.4) 12.1(5.9-34.2) NS
Total bilirubin (mg/dL) 1.3(0.6-2.7) 1.3(0.7-2.8) NS

Data are expressed as median values with ranges in parentheses, or number of patients. Portal invasion (Vp1, tumour thrombus in a third or more of the
peripheral branches; Vp2, in the second branch; Vp3, in the first branch; Vp4, in the trunk).
AFP, a-fetoprotein; DCP, des-y-carboxy prothrombin; HBV, hepatitis B virus; HCV, hepatitis C virus; IFN, interferon; NS, not significant.

with those of recombinant IFN-a-2b and natural IFN-
o. Such studies are important because the activity
of recombinant IFN-a-2b differs from that of natural
IFN (12, 13), and the former is less expensive than
natural IFN-a. Thus, if the safety and efficacy of
recombinant IFN-a-2b is equal to or better than that
of natural IFN-a, recombinant IFN-a-2b may be
recommended with regard to cost-effectiveness. In
the present prospective study, we investigated the
safety of intra-arterial 5-FU and IFN and compared
recombinant IFN-o-2b with natural IFN-a. In addi-
tion, we assessed the cost-effectiveness of each treat-
ment regimen.

Materials and methods
Study design and eligibility

This was a prospective study conducted at our hospital
to compare the outcome of recombinant IFN-¢-2b and
natural IFN-a in combination with intra-arterial 5-FU.
The eligibility criteria were as follows: age (18-80
years), Child—-Pugh status A or B, leucocyte count

> 2000/pL, neutrophil count > 1200/uL, haemoglo-
bin > 8g/dL, platelet count > 50 000/puL, total bilir-
ubin < 3.0mg/dL, serum creatinine < 1.5mg/dL,
unresectable or not suitable for local ablation therapy,
main tumour size > 20mm, tumour number > 2,
presence of PVTT (in the second branch first branch or
trunk), an Eastern Cooperative Oncology Group PS of
0-1 (14) and without extrahepatic metastases. All
patients were asked to give their written informed
consent to this study, which was approved by the
Institutional Review Board of Hiroshima University.
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From June 2003 to December 2006, 265 consecutive
patients with unresectable HCC were admitted to our
hospital. As a result of the progression of HCC (e.g.
PVTT, extrahepatic metastases), these patients were
not suitable candidates for either surgical resection or
local ablation therapy, including RFA and PEI. Of the
265 patients with advanced HCC, 39 were considered
to be suitable candidates for the intra-arterial 5-FU
and IFN combination therapy. Eight patients could
not be included because of refusal of enrolment. Thus,
31 patients with advanced HCC without extrahepatic
metastases were enrolled in this prospective study. We
treated the first 15 consecutive patients with recombi-
nant IFN-a-2b (R group) and the second 16 consecu-
tive patients with natural IFN-a (N group), combined
with 5-FU.

Table 1 lists the baseline characteristics of the
patients of the two groups (R group vs. N group).
There were no differences between the two groups
with respect to the sex ratio, age, proportion of
patients with hepatitis B virus and hepatitis C virus
infection, PVTT in the second branch (Vp2), major
branch (Vp 3) and main trunk (Vp 4), median level of
a-fetoprotein and des-y-carboxy prothrombin, med-
ian leucocyte count, neutrophil count, haemoglobin,
platelet count, total bilirubin and duration of the
observation period [R: 10.5 (0.7-39.4 months), N: 6.3
(1.1-16.7 months)].

Treatment protocol

Patients received repeated arterial infusions of antic-
ancer agents via an injection port. One course of
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chemotherapy represented 4 weeks. 5-FU (500 mg/
body weight/day; Kyowa Hakko, Tokyo, Japan) was
administered within 5h using a mechanical infusion
pump on days 1-5 of the first and second weeks (5 g in
one course). Recombinant IFN-a-2b (Intron A®;
Schering-Plough Pharmaceuticals Co., Osaka, Japan)
at 3 x 10°U (3 MU), or natural IFN-a (OIF®; Otsuka
Pharmaceuticals Co., Tokyo, Japan) at 5x 10°U
(5MU) was administered intramuscularly on days 1,
3 and 5 of each week (total dose of 36 and 60 MU
respectively). In our hospitals, the minimum dose of
recombinant IFN-a-2b for the treatment of chronic
hepatitis C is 3 x 10°U and that of natural IFN-o
is 5x 10°U. Previous reports used 5 x 10°U as the
minimum dose of natural IFN-a. With regard to
recombinant IFN-a-2, we selected the above dose as
the minimum dose in order to avoid potential adverse
effects. In principle, treatment was repeated several
courses unless PS changed to 3 or 4 during the
treatment. A 2—4-week rest period of no treatment
was allowed after each treatment course.

Implantation of arterial catheter

The catheter was inserted through the right femoral
artery using the Seldinger method. After the detection
‘of HCC, a 3-French heparin-coated catheter (Clinical
Supply, Gifu, Japan) was inserted and its tip was
advanced to the common hepatic artery or proper
hepatic artery. The other end of the catheter was
connected to the injection port, which was implanted
in a subcutaneous pocket created in the right lower
abdominal quadrant. The gastroduodenal and right
gastric arteries were occluded using steel coils to
prevent potential gastroduodenal injury from the
anticancer agents. ,

Evaluation

The response to treatment was assessed in all patients
enrolled in this study. The response was defined
according to the criteria of the Response Evaluation
Criteria in Solid Tumors (RECIST) (15). A complete
response (CR) was defined as the complete disappear-
ance of all target lesions. A partial response (PR) was
defined as at least a 30% decrease in the sum of the
longest diameter (LD) of target lesions with the base-
line sum of the LD of target lesions as the reference.
Progressive disease (PD) was defined as at least a 20%
increase in the sum of the LD of target lesions. Stable
disease (SD) was defined as neither PR nor PD criteria
fulfilled. The duration of response was measured from
the date of the start of treatment to the date of
documented progression.
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Adverse reactions were assessed every week during the
treatment using the National Cancer Institute Common
Toxicity Criteria (NCI-CTC) (version 3.0) (16).

Cost-effectiveness

The cost of each IFN with two courses of treatment
was calculated. The effectiveness of treatment was
reflected by the percentages of patients who achieved
CR or PR. The cost-effectiveness ratio was calculated
using the formula: cost/effectiveness.

Additional therapy

After two courses of the combination therapy, we
assessed the response to therapy in all patients. Ac-
cording to the response, we provided various addi-
tional therapies such as RFA, TACE and radiotherapy
(RT) for patients treated with the combination ther-
apy. Patients assessed as PR continued to receive the
combination therapy, in addition to local ablation
therapy when further decrease of HCC was not
expected. All patients assessed as SD or PD received
RT for PVTT. Furthermore, one session of TACE using
a cisplatin-lipiodol suspension was repeated before the
initiation of each course of intra-arterial 5-FU and IFN
combination therapy unless the Child-Pugh status
changed to C.

Statistical analysis

Statistical analysis was performed on 31 December
2006. Differences between groups were examined for
statistical significance using the Mann—Whitney test
(U-test) and * test where appropriate. Cumulative
survival rate and time to progression (TTP) were
assessed by the Kaplan-Meier life-table method, and
differences were evaluated by the log-rank test. All
analyses described above were performed using the spss
program (version 11; SPSS Inc., Chicago, IL, USA).

Results
Early response rate

We assessed all patients after two courses of treatment.
Of all 31 patients, one (3.2%), eight (25.8%), eight
(25.8%), 10 (32.3%) and four (12.9%) patients
showed CR, PR, SD, PD and drop-out (DO) respec-
tively (Table 2). For the R group, zero (0%), four
(26.7%), three (20%), five (33.3%) and three (20%)
patients showed CR, PR, SD, PD and DO respectively.
The reasons for DO were confusion (one patient),
refusal after initiation of therapy (one patient) and
exanthema (one patient). The overall response rate
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Table 2. Response to treatment after two courses

Ukaetal.

CR PR SD PD DO Response rate*
Recombinant IfN-a-2b {(n = 15) 0 4 3 5 26.7%
Natural IFN-a (n= 16) 1 4 5 5 1 31.2%

*Response rate = CR+PR/CR+PR+SD+PD.

CR, complete response; DO, drop out; IFN, interferon; PD, progressive disease; PR, partial response; SD, stable disease.

was 26.7% for the R group. For the N group, one
(6.3%), four (25%), five (31.2%), five (31.2%) and one
(6.3%) patients showed CR, PR, SD, PD and DO. The
reason for DO was infection around the catheter (one
patient). The overall response rate for the N group was
31.2%. There was no statistically significant difference
in the early response between the two groups.

Adverse reactions and complications

Table 3 summarizes the adverse reactions and compli-
cations encountered during and after the treatment.
The most common adverse reactions were fever,
nausea and loss of appetite, but these were mostly
NCI-CTC Grade 1 or 2. The percentages of patients
with various NCI-CTC Grade 3 adverse reactions of
the two treatment groups were not significantly differ-
ent. With regard to the two patients of the R group
with leucopenia, the initial leucocyte counts were 2210
and 3980/uL and the lowest counts were 1214 and
1524/uL respectively. As for the four patients with
thrombocytopenia, the initial platelet counts were
61000, 114 000, 185000 and 227 000/pL, and the low-
est counts were 31000, 48 000, 45000 and 37 000/uL
respectively. None required administration of granu-
locyte-colony-stimulating factor (G-CSF) or blood
transfusion, and none developed depression. Compli-
cations associated with the indwelling catheter were
infection (one patient each).

Additional therapy after two courses of combination
treatment

For the R group, four patients received TACE, one
patient received RT and two patients received both
TACE and RT. In the four patients who achieved PR,
three continued to receive the combination therapy
while the fourth achieved CR after completing four
courses of the combination therapy, and undergoing
RFA for the remaining HCC. With regard to the N
group, four patients received TACE, two patients
underwent RT and one patient received both TACE
and RT. With regard to the four patients who achieved
PR, three continued the combination therapy, while
the fourth patient achieved CR after receiving three
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Table 3. Adverse reactions (National Cancer Institute Common
Toxicity Criteria Grade 3) and complications during and after the
combination treatment

Recombinant Natural P

IFN-a-2b IFN-o value
Leucopenia 2(13.3%) 0 NS
Thrombocytopenia 1(6.7%) 3(18.8%) NS
Nausea 1(6.7%) 0 NS
Exanthema 1(6.7%) 0 NS
Confusion 167%) 0 NS
Infection around 1(6.7%) 1(6.3%) NS

the catheter

Pseudoaneurysm 1(6.7%) 1(6.3%) NS

of the femoral artery

IFN, interferon; NS, not significant.
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Fig. 1. Comparison of the time to progression of patients with
hepatocellular carcinoma complicated with portal vein tumour
thrombosis and treated with 5-fluorouracil (5-FU) and
recombinant interferon (IFN)-o-2b (solid line) or with 5-FU
combined with natural IFN-a (log-rank test: not significant).

courses of the combination therapy, followed by RT
for PVTT.

Time to progression

The median TTP for all 31 patients was 5.8 months
[95% confidence interval (Cl), 3.9-7.7 months]. For
the R and N groups, the median TTP was 5.6 months
(95% CI, 3.0-8.2 months) and 5.8 months (95% CI,
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Fig. 2. Comparison of the survival rate of patients with
hepatocellular carcinoma complicated with portal vein tumour
thrombosis and treated with 5-fluorouracil (5-FU) and
recombinant interferon (IFN)-a-2b (solid line) or with 5-FU
combined with natural IFN-x (log-rank test: not significant).

4.0-7.6 months) respectively. There was no sigﬁiﬁcant
difference in TTP between the two groups (Fig. 1).

Survival rates

Of all 31 patients, the median survival time was 7.5
months (95% CI, 3.3—11.7 months) and the cumula-
tive survival rates at 6, 12, 18 and 24 months were 64.5,
29.0, 16.5 and 5.6% respectively. The median survival
time of the R group [10.5 months (95% CI, 0.0-21.4
months)] was not significantly different from that of
the N group [6.5 months (95% CI, 3.7-9.3 months)]
(Fig. 2).

Cost-effectiveness

The cost of IFN with two course of treatment was
$US1052 for the R group and $US3060 for the N
group. Four (26.7%) patients of the R group showed
PR, while one (6.3%) and four (25%) patients of the
N group showed CR and PR respectively. Thus, the
estimated effectiveness was 26.7 for the R group and
31.3 for the N group. The cost-effectiveness ratios were
39.4 for the R group and 97.8 for the N groups,
indicating that the R combination therapy was about
three times more cost-efficient than the N combina-
tion therapy (Table 4).

Causes of death

Seven patients were still alive at the end of the
observation period while 24 patients had died. All the
24 patients died of cancer-related disease.
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Table 4. Cost-effectiveness of each interferon with two courses
of the treatment

Cost-
Effectiveness™® effectiveness
Cost (%) (%) ratiot
Recombinant 1052 26.7 39.4
IFN-a-2b
Natural IFN-o 3060 313 97.8

*Effectiveness; percentage of patients who showed CR or PR.
tCost-effectiveness ratio = cost/effectiveness.
CR, complete response; IFN, interferon; PR, partial response.

Discussion

The prognosis of patients with advanced HCC com-
plicated with PVTT remains poor, particularly in those
patients with PVTT in the first branches or the portal
trunk. The median survival time of HCC patients with
PVTT in the portal trunk is reported to be about 90
days with supportive care (17). In this regard, Patt
et al. (18) reported the efficiency of intravenous 5-FU
combined with recombinant IFN-a-2b. Recently, sev-
eral studies assessed the efficacy of combination ther-
apy of intra-arterial 5-FU and IFN (9-11). However,
most of the reports that analysed the effects of
combination therapy of intra-arterial 5-FU and IFN
used natural IFN-a. The use of recombinant IFN-a-2b
has been reported in only one study (9). The response
rates (CR and PR patients/all patients) reported in the
two studies by Sakon et al. (10) and Obi et al. (11) were
73% (8/11 patients) and 52.6% (61/116 patients)
respectively. In this study, for patients of the two
groups, the objective response rate according to the
early response was 29% (9/31 patients). The discre-
pancy between the studies may be because of the
following reasons. First, the early response to our
protocol was assessed after two courses of the treat-
ment, while others evaluated the maximum response.
Second, the method of evaluation of the response was
different. The above two studies used the Eastern
Cooperative Oncology Group criteria but we used the
RECIST criteria. Third, the sample size was very small
in the report by Sakon et al. (10). In our study, the
survival rates of the patients of the two groups were
almost identical to those reported by Obi et al. (11)
(the survival rates at 6 and 12 months were 53 and
34% respectively). Thus, the protocol used in our
study was considered to be suitable for patients with
advanced HCC.

Both IFN-a and IFN-B induce the transcription of
the p53 gene and contribute in boosting the responses
to p53 activation, which suppresses cancer (19). IFN-a
is also known to inhibit cancer cells directly as well as
indirectly (20-26) and to have anti-angiogenic and
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antiviral activities. The direct antineoplastic effects
include cell damage (27), induction of cyclin-depen-
dent kinase inhibitors involved in G1/GO arrest (22)
and delayed cell cycle (28). The indirect antineoplastic
effects include activation of natural killer cells, T cells
and macrophages (29-31). In various cultures of
malignant cells, IFN-a exhibited a biomodulatory
effect that enhanced the antineoplastic activity of 5-
FU partly because of the arrangement of metabolism
of 5-FU to fluoro-deoxy-uridylate (32-36). Further-
more, 5-FU and IFN-a synergize the antineoplastic
effects of each other. The antineoplastic effects of the
‘combination therapy of intra-arterial 5-FU and IFN
are also considered to be mediated by modulating
tumour necrosis factor-related apoptosis-inducing
ligand receptor-induced cytotoxic pathway (37).

Several subtypes of natural IFN-o have been de-
scribed (38), while only one subtype is available for
recombinant IFN-a. Patients treated with natural IFN-
o barely have antibodies to IFN, whereas circulating
antibodies to IFN are sometimes detected in patients
treated with recombinant IFN-a (12, 13). Antibodies
to IFN weaken the therapeutic effects of IFN. There-
fore, antibodies to IFN may dampen the effects of the
combination therapy of intra-arterial 5-FU and IFN.
This hypothesis favours the combination therapy of
intra-arterial 5-FU and natural IFN-« relative to 5-FU
and recombinant IFN-a.

Interferon-a subtypes exhibit several variations in
biological activity. With regard to the antiviral activity,
IFN-a8 is reported to be the most potent while IFN-al
the least potent (39). IFN-a8 was the most potent in
the induction of antineoplastic effect on renal cell
carcinoma (40). OIF®, but not Intron A®, contains
IFN-a8. Considered with the deficiency of the sub-
types in vitro, the effect of combination therapy with
IFN-o may be different based on the IFN.

Our results, however, showed no significant differ-
ences between the two groups with respect to the early
response, adverse reactions, TTP and survival rate.
What are the reasons for the lack of differences in vivo?
One reason may relate to the dose and antineoplastic
activity of IFN (19-31, 39, 40). Several groups have
studied the impact of IFN treatment on HCC. Two
controlled trials reported by Lai et al. (41, 42) using
very high doses of IFN (50 x 10°1U/m?) showed a
30% response rate and improvement in survival
compared with no treatment. In comparison, another
study using a low dose of IFN (3 x 10°IU/m?) did
not show any survival advantage (43). Considered to-
gether, it appears that for IFN alone to be effective
against HCC, its dose must be higher than that used
for the treatment of chronic hepatitis B and C.
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Administration of high-dose IFN may improve the
effect of the combination therapy. However, under
such circumstances, many patients could potentially
DO because of the adverse reactions. Thus, our proto-
col is safe regardless of the type of IFN used. The
second reason relates to the relationship between IFN
subtype and the mechanism of action of the combina-
tion therapy (32-40). Although the mechanism is not
yet clear, the direct effect of inhibition of cancer cells
and the anti-angiogenic effect of IFN might play
minor roles in our protocol in vive. The most im-
portant mechanism of action of the combination
therapy of our protocol may be enhancement of the
antineoplastic effect of 5-FU by IFN. Thus, the IFN
subtype does not seem to strongly influence the effect
of the combination therapy. The third reason may
relate to the several limitations in our study (e.g. small
sample size, not randomized-controlled trial).

Most of the adverse reactions were controllable in
the present cohort. The adverse reactions of anaemia,
leucopenia and thrombocytopenia were controllable
without G-CSF or blood transfusion. Depression ow-
ing to IFN was not observed in our patients. Thus, the
lack of severe pancytopenia in patients with advanced
HCC treated by the current protocol reflects the safety
of intra-arterial 5-FU and IFN. It is recommended,
however, that careful treatment should be provided to
patients who develop pancytopenia.

Our study fell somewhat short of conclusiveness
owing to the small number of patients. Thus, our
study should be extended to include a long-term
follow-up and a large sample size. In our protocol of
the combination therapy, there were no significant
differences between recombinant IFN-a-2b and nat-
ural IFN-a with regard to early response to therapy,
adverse effects, TTP and survival rates. Recombinant
IFN-a-2b is inexpensive compared with natural IFN-
a. Our analysis showed a better cost-effectiveness ratio
for recombinant IFN-o-2b than natural IFN-a. Thus,
assuming no difference in outcomes between the two
regimens, we recommend the use of recombinant IFN-
a-2b based on the cost-effectiveness.
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