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FIGURE 3. Schematic diagram of the 3 types of advanced hepatoceflufar
carcinoma (HCC) with portal venous tumor thrombus (PVTT) in the main trunk
of the portal vein according to the progression. Type | indicates PVTT with
multiple nodules in both lobes; type i, PVTT with a huge mass in 1 lobe and
no intrahepatic metastatic nodules in the other lobe; type Ill, PVTT with a
huge mass in 1 lobe and multiple intrahepatic metastatic nodules in the
other lobe.

study underwent palliative reduction surgery, which
consisted of bisegmentectomy or trisegmentectomy
with extirpation of PVTT to reduce tumor volume
and to reopen the portal blood flow. IFN/5-FU com-
bination therapy for remnant multiple hepatomas in
the residual liver was carried out after surgery. With
regard to these 30 patients, none developed any
major complications, and they started the IFN/5-FU
combination therapy from 3 to 5 weeks after surgery.
We also demonstrated the beneficial effects of IFN/5-
FU combination therapy in our patients. The efficacy
of such treatment was 33.3% in our patients with
highly advanced HCC. Thus, the combination treat-
ment with IFN-o and 5-FU after hepatic palliative
surgery had a marked antitumor effect with an
encouraging response rate. Furthermore, the clinical
response translated into survival benefits, as shown
in Figures 1 and 2.

It should be noted, however, that the remaining 20
of 30 patients (66.7%) in our study did not respond to
the combination therapy. Among the 20 nonresponders,
there was only 1 patient with NC despite the mostly che-
moresistant disease. We believe that this finding may be
attributed as follows: The HCC in this series was far
advanced, and HCC progression was extremely rapid
and aggressive despite palliative reduction surgery.
Under such conditions, almost all nonresponders died
within 12 months; 12 of 20 patients (60.0%) died within
6 months. For nonresponders to this treatment, how-
ever, the survival was too short to allow the receipt of
another treatment modality. Therefore, accurate predic-
tion of chemosensitivity is desirable not only to prevent
the loss of a limited chance for another possible treat-
ment but also to avoid potentially serious side effects.
However, currently, there are no suitable markers with
which to distinguish between patients who are likely
and patients who are unlikely to respond to this combi-
nation chemotherapy.

Several mechanisms for the anticancer effects of
IFN-a, with or without 5-FU, have been proposed.?®’
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TABLE 3
Univariate Analysis for Efficacy of Interferon-a/5-Fluorouracil
Combination Therapy Based on a-Fetoprotein, Protein
Induced by Vitamin K Absence, Child-Pugh Score, Cancer
of the Liver Italian Program Score, and Type I Interferon
Receptor 2 Expression
No. of patients
CR/PR NC/PD
Characteristic (n =10} (n = 20) P
Agey
< 60 6 8 9399
>60 4 12
Sex
Men 10 8 7958
Women 0 2
Child-Pugh score
A 7 12 8934
B,C 3 8
Cirrhosis
Present 4 10 8971
Absent 6 10
AFP, ng/mL
< 400 5 6 503
2400 5 14
PIVKA-II, mAU/mL
< 65 0 1 9999
265 10 19
Okuda score
1 4 7 7137
2-3 6 13
CLIP score
0-3 5 4 2049
4-6 5 16
IFNAR2
Negative 0 10 0199
Positive 10 10

CR indicates complete response; PR, partial response; NC, no change; PD, progressive disease; AFP;
a-fetoprotein, PIVKA-IL; protein induced by vitamin X absence; CLIP, Cancer of the Liver ltalian Pro-
gram; IFNAR?, type I interferon receptor 2.

We demonstrated previously that IFN-a and 5-FU
synergistically inhibited tumor cell proliferation with
cell cycle arrest® and induced apoptosis by regulating
apoptosis-related molecules.®® We also reported that
tumor necrosis factor-related apoptosis inducing
ligand, its receptor pathway,”® and Fas and the Fas-
ligand pathway*' partially contributed to the antitu-
mor effects of IFN-a and 5-FU combination therapy.
Moreover, IFN-a suppressed proliferation in all type 1
IFNAR2-positive HCC cell lines in vitro through
mechanisms related to apoptosis or cell cycle inhibi-
tion.*? The importance of IFNAR2 expression for the
anticancer effect of IFN/5-FU was highlighted in a
similar situation in our previous report.*3%4 These
findings suggest that the antineoplastic effects of IFN-
a are likely to be mediated through its high-affinity
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membrane type I receptor, IFNAR2.** In this regard,
we postulated that IFNAR2 expression in HCC tissues
may be a useful predictor with which to distinguish
between potential responders and nonresponders to
IFN/5-FU combination therapy. On the basis of these
results, we investigated the correlation between
IFNAR2 expression and the effect of IFN/5-FU combi-
nation therapy using immunohistochemical analysis,
and the results showed a good correlation.

Several markers for the prediction of tumor re-
currence and prognosis have been identified for
patients with HCC. Levy and Sherman®® reported
that the CLIP classification for HCC is easier to
implement and more accurate than the Okuda classi-
fication. In addition, Koike et al.*® suggested that the
serum PIVKA-II level is the most useful clinical pa-
rameter for predicting the development of portal
vein invasion. To investigate the applicability of these
clinical parameters, AFP, PIVKA-II, Okuda scores, and
CLIP scores were used in the current study to assess
the clinical effects of IFN/5-FU combination therapy.
The results indicated that expression of IFNAR2 was
the only significant predictor of clinical outcome of
IFN/5-FU combination therapy; and our survival
analysis indicated a significant role of IFNAR2
expression on prognosis. These results suggest that
the expression of IFNAR2 may be a potentially useful
predictor of response to IFN/5-FU combination ther-
apy. In our recent report using microarray analysis,
several genes involved in IFN signaling transduction
were identified as useful for molecular prediction of
response to IFN/5-FU combination therapy.*’

In conclusion, the current study has demon-
strated the efficacy of IFN/5-FU combination therapy
after surgery for patients with advanced HCC who
have tumor thrombi in major branches of the portal
vein. The results also indicated that the clinical
response to such therapy is correlated significantly
with the expression of IFNAR2 in patients with HCC.
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Case report

Complete remission of hepatocellular carcinoma with portal vein
tumor thrombus and lymph node metastases by arterial infusion of
5-fluorouracil and interferon-a. combination therapy following
hepatic resection

HirosH1 WaDA!, Hiroaki NAGANO', TAKEHIRO NoDA!, BAZARRAGCHAA DAMDINSUREN', SHIGERU MARUBASHI',
ATsusHI MivamoTo!, Yutaka Takepa', Koi1 UMEesHITA!, KE1zo DoNo', MasaTo SakoN', KENICHI WAKASA?,
and Morito MONDEN'

'Department of Surgery, Graduate School of Medicine, Osaka University, 2-2 Yamadaoka E-2, Suita, Osaka 565-0871, Japan
?Department of Pathology, Osaka City University Hospital, Osaka, Japan

We report two cases of hepatocellular carcinoma (HCC)  Introduction

with portal vein tumor thrombus (PVTT) and lymph

node (LN) metastases successfully treated by hepatic ~ Hepatocellular carcinoma (HCC) is one of the most
arterial infusion of 5-fluorouracil (5-FU) combined with ~ common malignancies worldwide and the fifth leading
systemic injection of interferon (IFN)-o. following he-  cause of cancer-related death.! In recent years, the de-
patic resection for the liver tumor. Complete remission  velopment of a diagnostic modality has brought about
was obtained. Case 1 was a 51-year-old man who had earlier diagnosis of small HCC, and the introduction of

HCC in the right lobe of the liver with PVTT and mul-  new therapeutic modalities, such as microwave coagula-
tiple intrahepatic metastases. He also had abdominal  tion therapy and radio frequency ablation therapy,
and mediastinal LN metastases. Case 2 was a 53-year-  has produced various options for the treatment of small

old man who had diffuse-type HCC in the right lobe =~ HCC.* However, the overall prognosis of HCC is still
of the liver with PVTT and intrahepatic metastases. A poor, since half of HCC patients have a portal vein tu-
chest computed tomography scan revealed lymph nodes ~ mor thrombus (PVTT) or intrahepatic metastasis at the
enlarged to 1.0cm from the mediastinum to the left su-  time of diagnosis. Tumor progression into the major
praclavicular space. Both patients underwent the hepa-  branch of the portal vein is commonly considered as the
tectomy to reduce the tumor volumes and remove the ~ most advanced and noncurable stage,' and HCC with
PVTT to relieve portal vein obstruction. Following the ~ lymph node metastasis is usually considered to be a rare
surgery, the patients underwent IFN-a/5-FU combina-  and far advanced stage.” In fact, the prognosis of HCC
tion therapy. Three months after this combined therapy,  patients with tumor thrombus in the main portal branch
tumor markers (both a-fetoprotein and protein induced ~ (PVTT) is very poor and a standard treatment regimen
by vitamin K absence or antagonist II) returned to the ~ for HCC with PVTT has not yet been established.®”” We
normal range and residual tumors in the liver disap-  previously reported excellent efficiency of arterial infu-
peared. The patients are alive without any recurrence  sion of 5-fluorouracil (5-FU) and interferon (IFN)-a
more than 1 year after initial treatment. IFN-a/5-FU  combination therapy for HCC with PVTT.* The eligi-
combined therapy following hepatic resectionisa prom-  bility criteria for this combination therapy are histologi-
ising modality for the treatment of advanced HCC with  cally or radiologically confirmed HCC, the presence of
LN metastasis. . a tumor thrombus that has invaded at least one of the
main branches of the portal vein, and the absence of
Key words: hepatocellular carcinoma, extrahepatic  hematological extrahepatic metastasis.
metastasis, lymph node metastasis, chemotherapy, In this paper, we report two cases of HCC patients
interferon with PVTT and distant lymph node metastases success-
fully treated by 5-FU/IFN-a combined therapy follow-
ing hepatic resection. This is the first report showing
Received: September 12, 2006 / Accepted: February 13,2007  effective chemotherapy for patients with HCC with
Reprint requests to: H. Nagano PVTT and extrahepatic lymph node metastasis.
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Case reports
Case 1

A 5l-year-old man complaining of acute upper right
abdominal pain visited his neighborhood hospital, and
his illness was diagnosed as chronic hepatitis due to in-
fection with hepatitis C virus and HCC with PVTT. He
was referred to our hospital for treatment of the disease.
From abdominal computed tomography (CT), an early
enhanced lesion (6.0cm in size) with a nonenhanced
area inside was recognized in the right lobe of the liver
with multiple intrahepatic metastases around the main
tumor, and PVTT was developing from the anterior and
posterior branch into the main portal trunk (Fig. 1A).
Furthermore, the paraaortic lymph node was enlarged
to 2.5cm (Fig. 1B). A chest CT scan showed the subcla-
vicular lymph node enlarged to 2.0cm (Fig. 1C). We
diagnosed the disease as huge HCC with PVTT in the
right lobe of the liver and extrahepatic lymph node
metastases.

Laboratory data were as follows: total bilirubin,
0.7mg/d]; aspartate aminotransferase (AST), 22U/
alanine aminotransferase (ALT), 21U/l; prothrombin
time, 64%; indocyanine green 15min retention test
(ICG-R15), 16.0% (normal value, <10%), a-fetoprotein

H. Wada et al.: IFN-a/5-FU for HCC with LN metastasis

(AFP), 28ng/ml; protein induced by vitamin K absence
or antagonist II (PIVKA-II), 1847 mAU/I; and albumin,
3.1g/dl.

To improve the long-term outcome, we performed
volume reduction surgery for the hepatic tumor and
paraaortic lymph node metastasis and removed the
PVTT to relieve portal vein occlusion. Histological ex-
aminations showed that the swelling lymph node and
main tumor in the liver were HCC (Fig. 2). Further-
more, we investigated the immunohistochemical ex-
pression of type I interferon receptor (IFNAR?2) in the
primary liver tumor, PVTT, and metastatic lymph node.
The immunohistochemical procedure was performed
using an EnVision+ peroxidase kit (Dako, Glostrup,
Denmark) as previously described.'®" Briefly, formalin-
fixed paraffin-embedded sections were used. After
deparaffinization and rehydration, the sections were
treated for antigen retrieval and blocked endogenous
peroxidase. Primary antibody, rabbit anti-IFNAR2 (Ot-
suka Pharmaceutical, Tokushima, Japan, diluted 1:60)
was applied to slides and incubated overnight at 4°C.
Immunostaining was performed according to the in-
structions supplied by the manufacturer. For evaluation
of immunostaining, the bile duct epithelium expresses
moderate levels of IFNAR?2, and these levels of staining
were used as an endogenous positive control within the

Fig. 1A-E. Computed tomography (CT) of case 1. A The main tumor, 6.0cm in size, is located in the right lobe of the liver,
and the tumor thrombus has invaded the right main branch of the portal vein (arrowhead). B Paraaortic lymph node enlarged,
2.5cm in size (white arrow). C Chest CT scan shows an enlarged subclavicular lymph node to 2.0cm (white arrow). D After
three cycles of interferon-o/5-fluorouracil combination therapy, the subclavicular lymph node had vanished. E There was no
residual tumor or recurrence in the remnant liver 56 months after the first treatment
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Fig. 2. A Microscopic finding of a
metastatic lymph node of case 1
showed moderately differentiated
hepatocellular carcinoma (hema-
toxylin and eosin, x200). B, C Im-
munohistochemical staining for
type I interferon receptor (IF-
NAR?2) in the metastatic lymph
node of case 1 (B) and in the main
tumor of case 2 (C) showed strong
expression of IFNAR2 (x200).
D Microscopic finding of the main
tumor in the liver showed poorly
differentiated hepatocellular car-
cinoma (hematoxylin and eosin,
x100)
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Clinical courses of cases 1 (A) and 2 (B). Serum o fetoprotein (AFP) and protein induced by vitamin K absence or

antagonist I1 (PIVKA-II) are indicated by the solid line and dashed line, respectively. IFN-o/5-FU, interferon-ov5-fluorouracil

combination therapy

sample, as described previously. The expression of IF-
NAR?2 in the primary liver tumor, PVTT, and meta-
static lymph node were positive (Fig. 2). Following the
surgery, the patient was treated with subcutaneous ad-
ministration of IFN-o¢ (OIF; Otsuka Pharmaceutical,
Tokyo, Japan) and continuous hepatic arterial infusion
of 5-FU (Kyowa Hakko, Tokyo, Japan). The regimen
was as follows: IFN-o. (5 x 10°U) was administered on
days 1, 3, and 5 of every week for 4 weeks and continu-
ous hepatic arterial infusion chemotherapy (5-FU,
300mg/m’) was performed every 2 weeks for 4 weeks
via a catheter connected to a subcutaneously implanted
drug delivery system. Three months after the initial che-
motherapy, tumor markers (both AFP and PIVKA-II)
returned to normal range (Fig. 3A) and a CT scan

showed that the subclavicular lymph node had disap-
peared (Fig. 1D). The patient still lives without any re-
sidual tumor or recurrence in either the liver or the
extrahepatic sites, 56 months after the first treatment
(Fig. 1E).

Case 2

A 53-year-old man had been regularly followed up for
chronic hepatitis C at a local hospital. Regular follow-
up abdominal CT revealed a single mass, 1.0cm in di-
ameter, in the right posterior superior segment (segment
7) of the liver in July 2003. He was diagnosed as having
solitary HCC, and percutaneous ethanol injection ther-
apy (PEIT) and transcatheter arterial embolization
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Fig. 4A-E. CT of case 2. A The main tumor is an early enhanced area occupying the whole right lobe of the liver, and the tumor
thrombus has invaded the right main branch of the portal vein (arrowhead). B Cervical CT scan showing the enlarged supracla-
vicular lymph node (white arrow). C Chest CT scan shows the enlarged mediastinum lymph nodes (white arrow). D After three
cycles of interferon-o/5-fluorouracil combination therapy, the mediastinum lymph nodes had diminished in size. E Residual tu-
mors in the left lobe of the liver disappeared and there was no recurrence in the liver 12 months after hepatectomy

(TAE) was performed. Thirteen months after the treat-
ment, CT scan and angiography showed a huge mass
with PVTT extending to the portal trunk in the right
lobe of the liver and four intrahepatic metastases in the
left lobe of the liver. After receiving TAE for the intra-
hepatic metastases in the left lobe of the liver from the
left hepatic artery and transcatheter arterial infusion
(TAI) therapy with cisplatin (30 mg), mitomycin (6 mg),
and daunorubicin (20mg) from the right hepatic artery,
he was referred to our hospital for further treatment.
On admission, abdominal CT 1 month after TAE and
TAI showed a dense accumulation of iodized oil in the
intrahepatic metastases in the left lobe and an early
enhanced area in the whole right lobe of the liver (Fig.
4A). The PVTT had developed from both the right an-
terior and posterior branches into the main trunk of the
portal vein. Chest CT scan revealed enlarged lymph
nodes, 1.0cm in size, from the mediastinum to the left
supraclavicular space (Fig. 4B, C).

Laboratory data were as follows: total bilirubin,
1.0mg/d]; AST, 42U/1; ALT, 28 U/l; prothrombin time,
59%; ICG-R15, 20%; AFP, 17920ng/ml; PIVKA-II,
3873mAU/ml; and albumin, 3.5 g/dl.

We performed a right lobectomy of the liver to re-
duce the tumor volumes and removed the PVTT to re-
lieve portal vein obstruction. Following the surgery, the
patient was treated with subcutaneous administration of
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IFN- and continuous hepatic arterial infusion
chemotherapy of 5-FU. The patient underwent open
biopsy of the enlarged supraclavicular lymph node 1
month after the surgery, and we histologically confirmed
that the swelling lymph node was metastasis from
HCC. Immunohistochemical examination showed posi-
tive expression of IFNAR?2 in the primary liver tumor,
PVTT, and metastatic lymph node (Fig. 2). Three
months after the initial chemotherapy, tumor markers
(both AFP and PIVKA-II) returned to normal range
(Fig. 3B), and a CT scan showed that residual tumors
in the left lobe of the liver had disappeared and that the
enlarged lymph nodes in the mediastinum had dimin-
ished in size (Fig. 4D). Twelve months after the surgery,
the patient is still alive without tumor recurrence
(Fig. 4E).

Discussion

The incidence of lymph node (LN) metastasis in HCC
is generally rarer than that in other cancers. The inci-
dence of LN metastasis from HCC is reported to be
25%-42% at autopsy.’*** In clinical series, the incidence
rate of LN metastasis from HCC is lower than at au-
topsy, because LN dissection is not routinely performed
during hepatectomy for patients with HCC, and LN
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metastases occur in patients with far advanced and un-
resectable HCC. The prognosis of HCC with LN metas-
tases is extremely poor. The cause of death with LN
metastases from HCC is usually liver failure due to the
progression of liver tumors.”” Uenishi et al.’ reported
that six HCC patients with LN metastasis at primary
surgery died within 424 days owing to tumor progres-
sion or liver failure. Furthermore, all patients had intra-
hepatic metastases, and five had PVTT.

Our two patients had PVTT. The prognosis of HCC
patients with PVTT is also extremely poor: median sur-
vival time is only 2.7 months.'® Furthermore, the pres-
ence of extrahepatic metastasis is one of the most
important negative prognosis factors. According to pre-
vious reports, there is no survival benefit of systemic
chemotherapy for patients with advanced HCC, and the
median survival time is less than 4 months."” Previously,
we and others reported that chemotherapy with 5-FU
combined with systemic administration of INF-u is ef-
fective against HCC.*""""® Our recent report showed that
arterial infusion-chemotherapy combined with systemic
administration of IFN-w is very effective for unresect-
able HCC with PVTT, and the median survival time of
the patients who received this combined therapy was
10.2 months." Furthermore, we recently reported a
clinical trial in which hepatic resection followed by IFN-
o and 5-FU improved the prognosis of HCC patients
with PVTT compared with surgery alone.”” Therefore,
in our two cases, we determined that the hepatic arterial
infusion of 5-FU combined with systemic administra-
tion of IFN-a. should be administered as adjuvant treat-
ment after hepatectomy.

Yatsuhashi et al.”’ showed that efficacy of IFN thera-
py is related to the expression of IFNAR2. In trans-
fected cancer cell lines showing enhanced expression
of IFNAR2, the antiproliferative effects of IFN were
markedly increased.”' In a clinical trial of IFN-a/5-FU
combined therapy for 55 patients with unresectable
HCC with PVTT, we revealed that the efficacy of this
combined therapy is significantly related to the expres-
sion of IFNAR2.! Therefore, we investigated the im-
munohistochemical expression of IFNAR2 in the
primary liver tumor, PVTT, and metastatic lymph node
of both these cases. In both cases, the expression of IF-
NAR? in the primary liver tumor, PVTT, and meta-
static lymph node were positive. These results suggest
that IFN-0/5-FU combined therapy is effective not only
against the primary liver tumor but also against LN
metastasis in which IFNAR?2 is expressed.

Generally, lymph node metastasis is considered to be
spread hematogenously to distant organs, similar to
metastasis to other organs.” In this regard, IFN/5-FU
therapy may be effective against systemic circulating
hematogenously spread metastasis. This suggests that
IFN/5-FU might be a useful adjuvant therapy not only

147

505

following hepatic resection in HCC with good liver
function, but also following hepatic transplantation in
HCC with poor liver function.

In conclusion, IFN-0/5-FU combined therapy follow-
ing hepatic surgery may be a promising modality for
advanced HCC with PVTT, even with lymph node
metastasis.
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New chemotherapy for patients with advanced
hepatocellular carcinoma: Pilot study of B-interferon and
doxorubicin one-shot intra-arterial chemotherapy
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Background: Patients with advanced hepatocellular carci-
noma (HCC) need an effective treatment modality because of
the poor prognosis of the disease. From an in vitro study,
B-interferon (IFN-B) has been reported to enhance the antipro-
liferative effects of doxorubicin on HCC cell lines. In the
present study, we investigated the therapeutic effects of com-
bined IFN-B and doxorubicin intra-arterial injection therapy on
patients with advanced HCC.

Methods: IFN-B  (3MiIU) and doxorubicin (10 mg/
bodyweight) were given by one-shot intra-arterial injection
through an arterial port to patients with advanced HCC. One
treatment course consisted of three intra-arterial injections
per week for 4 weeks. Three courses were conducted and
evaluation was done monthly.

Results: Eleven patients with advanced HCC were treated
with combined IFN-f and doxcrubicin. One patient entered

complete remission (CR), seven patients were evaluated as
having stable disease {SD) and three as having progressive
disease (PD). The mean overall survival was 10 months. The
mean survival for CR and SD patients was 15 months, and that
for PD patients was 6 months (P =0.0464, log-rank test).
Decrease of serum total bilirubin was observed for all
patients. ' :

Conclusion: Combined IFN-§ and doxorubicin intra-arterial
therapy offers an effective chemotherapy option for patients
with advanced HCC by improving liver function and having
tolerable side-effects.

Key words: advanced hepatocellular carcinoma,
p-interferon, doxorubicin, intra-arterial injection

INTRODUCTION

EPATOCELLULAR CARCINOMA (HCC) is princi-

pally associated with hepatitis B virus (HBV) or
hepatitis C virus (HCV), and its incidence is especially
high in Asia and Africa.! Recently, its incidence has been
increasing in Europe and America.>® There are various
options for treatment of HCC, including radiofrequency
ablation (RFA), percutaneous ethanol injection (PEI),
transcatheter arterial embolization (TAE) using inter-
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ventional radiology (IVR), surgical resection, and liver
transplantation.* However, the prognosis is poor for
patients with advanced hepatic carcinomas, which
develop in multiple segments in the liver and/or are
accompanied by portal vein tumor thrombus, because
no efficacious treatment modality has yet been devel-
oped.® Recently, for patients with advanced HCC
without metastatic foci whose performance status (PS)
is good, approximately 50% effectiveness has been
reported for combined a-interfferon (IFN-a) and
5-fluoruracil (5-FU) arterial injection therapy.%’ For
patients with poor liver function who cannot accept
IFN-0. and 5-FU combination therapy, a new chemo-
therapy regimen is needed. Thus, we designed a protocol
that minimizes hepatic toxicity and also .enables
one-shot arterial injection for patients with advanced
HCC, who are not candidates for operation, liver

© 2007 The Japan Society of Hepatology
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transplantation, or local treatment such as IVR, PEIT or
RFA due to the number of tumors, portal vein throm-
bosis, or liver dysfunction (BCLC staging system B or
C)®

f-interferon (IFN-B) is usually given by injection
into the bloodstream and has fewer side-effects than
IFN-c.® Recently, an in vitro study has shown that
IFN-B could suppress the proliferation of HCC more
strongly than IEN-a both alone and in combination
with anticancer agents.'® In particular, the antitumor
agent doxorubicin showed synergism with IFN-B in the
antiproliferation effect against HCC using HCC cell
lines.’* As myocardial damage and hepatic toxicity are
the main side-effects of doxorubicin,’*® a small-
volume one-shot arterial injection was selected for
giving IEN-B. This led us to design a new chemo-
therapy regimen of combined IFN-B and doxorubicin
intra-arterial injection therapy. The present study was
conducted to determine whether this combined che-
motherapy could be used for outpatient treatment after
a short hospital stay in order to maintain the patient’s
quality of life (QOL) with fewer side-effects.

METHODS

Patient enrollment

ATIENTS WITH CIRRHOSIS and advanced HCC

who were enrolled in this study were not eligible
for surgical resection, liver transplantation or local
treatment such as IVR, PE! or RFA because of diffuse or
multiple tumors in both lobes with or without portal
vein tumor thrombus and/or impaired liver function
due to cirrhosis. To realize chemotherapy on an out-
patient basis, patients with PS 0 or 1 were selected.
Informed consent was obtained after explaining the
purpose of the study and possible side-effects. Clinical
tumor stages of patients with HCC were evaluated by
abdominal contrast enhanced computed tomographic
(CT) scans, magnetic resonance images (MRI) or
angiography. Other criteria were a neutrophil count
21000/mm?, platelet count 240 000/mm?, serum level
of creatinine <1.4 mg/dL, total bilirubin of <3.5 mg/
dL, and no abnormalities of cardiac function by ultra-
sound and electrocardiography. The exclusion criteria
included intractable pleural effusion or ascites, severe
infectious disease, severe myocardial damage, severe
impairment of intelligence, encephalosis, metastasis to
the central nervous system, hemorrhage from varicose
veins within 1 month prior to enrollment, and
pregnancy.

New chemotherapy for advanced HCC 1019

Therapeutic design

All of the enrolled patients had a catheter placed by
gastroduodenal artery (GDA) coil or other method and
a port implanted subcutaneously. One course of chemo-
therapy consisted of one-shot intra-arterial injection of
IFN-B (3 MIU} and doxorubicin (10 mg/bodyweight)
through the port, three times per week for 4 weeks.
Three courses were conducted, when possible, and
monthly evaluation of chemotherapy effects on HCC
was based on serum tumor markers and CT scans.

Evaluation of therapeutic effects

The antitumor effect was evaluated by tumor volumes
using contrast enhanced CT scans every 4 weeks from
the start of combined IFN-f and doxorubicin intra-
arterial injection therapy. The antitumor effect and
toxicity were evaluated according to National Cancer
Institute Common Toxicity Criteria (NCI-CTC)* and
Response Evaluation Criteria in Solid Tumors
(RECIST)* guidelines. Peripheral blood cells, biochemi-
cal tests, serum levels of o-fetoprotein (AFP) and/or
PIVKA-II were examined every 4 weeks. The overall sur-
vival was calculated from the first treatment until death
or the final day of follow up. The primary end-point of
the current study was the development of toxicity and
overall survival.

The criteria of complete response (CR), stable disease
(8D) and progressive disease (PD) were as follows: CR,
complete disappearance of tumors and no evidence of
new lesions; SD, < 50% reduction or < 25% increase of
tumor volume and no evidence of new lesions; PD,
225% increase of tumor volume, evidence of new
lesions, or rise in tumor markers.

Statistics

The overall survival time from the start of the chemo-
therapy was analyzed by the Kaplan-Meier method and
differences in survival were evaluated by log-rank tests.

RESULTS

Patient characteristics

LEVEN PATIENTS WERE enrolled at Osaka Univer-

sity Hospital beiween November 2003 and August
2005. HCC was diagnosed by contrast-enhanced CT
scan or MRI. Angiography and pathological diagnosis
were not done. The serum levels of AFP and PIVKA-II
were elevated. The pretreaument characteristics of
enrolled patients are shown in Table 1.

© 2007 The Japan Society of Hepatology
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Table 1 Pretreatment characteristics of patients with advanced hepatocellular carcinoma

No. Age Sex Etiology Child-Pugh Portal venous Previous
(vears) grade thrombosis (Vp) treatment
1 56 M HBV/HCV B + TAE
2 78 M HCV A + TAE, RFA
3 73 M HBV A - Operation, TAE
4 58 M HCV B - TAE
5 71 M HCV B - TAE
6 49 M HCvV C + TAE, RFA
7 69 M Non B/non C B + None
8 63 M HBV A + TAE, RFA
9 62 F HCV B - TAE
10 61 M HCV A + TAE, RFA
11 56 M HCv A - None

HBV, hepatitis B virus; HCV, hepatitis C virus; RFA, radiofrequency ablation; TAE, transcatheter arterial embolization.

All patients were enrolled after being diagnosed as
having liver cirthosis by biochemical tests and/or radio-
logical findings. Histological confirmation of liver cir-
rhosis was not done. The liver function of patients with
cirrhosis was classified according to Child-Pugh grading
criteria. Pretreatment tumor stages of patients with
advanced HCC were classified according to the Ameri-
can Joint Committee on Cancer (AJCC) Tumor-Lymph
Node Metastasis (TNM) classification system,’® and
according to the Cancer of the Liver Italian Program
(CLIP) score'” (Table 2). Seven patients had HCV infec-
tion, two had HBV, one had both HBV and HCV. One
patient suffered from cirrhosis with neither HBV nor
HCV infection.

Tolerability and side-effects

Eleven patients were started with intra-arterial adminis-
tration of 3 MIU IFN-fB and 10 mg doxorubicin.
The median period of combined chemotherapy was
11 weeks (range 8-12 weeks). The dose of doxorubicin
was reduced from 10 mg/bodyweight to 5 mg/
bodyweight for two patients (nos. 2 and 6) because of
grade 3 and 4 neutropenia. A 78-year-old man (no. 2)
developed grade 4 neutropenia after the first course,
and doxorubicin was reduced to S mg/bodyweight
and granulocyte-colony stimulating factor (G-CSF) was
given, and then grade 4 stomatitis appeared after two
courses leading to discontinuation of the chemo-

Table 2 Therapeutic effect according to RECIST on patients and tumor stages of HCC patients according to the CLIP score and TNM

classification system

No. T-Bil AFP PIVKA I CLIP TNM Duration Therapeutic Prognosis
(mg/mL) (ng/mL) (mAU/mL) score of therapy effect

1 1.9 <5.3 <40 4 m 3 cycles SD 15 M Dead
2 1.7 2145 <40 4 VA 2 cycles PD 6 M Dead
3 0.6 24 . 148 1 m 3 cycles SD 8 M Dead
4 33 24 140 2 111 3 cydes SD 35 M Alive
5 1.6 25 462 3 m 2 cydes SD 6 M Dead
6 2.1 10 400 32 852 6 IVB 3 cycles SD 6 M Dead
7 13 226 820 12 317 5 VA 3 cydes PD 5 M Dead
8 24 582 63 3 VA 3 cydes CR 20 M Alive
9 2.9 41 1397 2 IVA 2 cydes SD 12 M Dead

10 0.7 255 1341 3 mn 3 cycles PD 10 M Dead

11 2.4 309 13 900 1 I 3 cydles SD 25 M Alive

AFP, o-fetoprotein; CLIP score, Cancer of the Liver Italian Program score; CR, complete remission; PD, progressive disease; RECIST,
Response Evaluation Criteria in Solid Tumors; SD, stable disease; T-Bil, total bilirubin; TNM, Tumor-lymph Node Metastasis

classification system.
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Figure 1 Time course of tumor markers in a complete remission case. A 63-year-old man with diffused type advanced hepatocel-
lular carcinoma (HCC) (no. 8) was treated with three courses of combined p-interferon (IFN-8) and doxorubicin intra-arterial
injection therapy without severe side-effects. Serum levels of PIVKA-11 decreased after the first course of combined chemotherapy,
entered the normal range during the second course and remained in the normal range after three courses. The serum level of
o-fetoprotein decreased after the second course and entered the normal range 1 month after three courses of combined therapy. No
HCC lesions were detected in the patient's liver by contrast enhanced CT scans and MRI after three courses of combined

chemotherapy and 6 months later.

therapy. A 71-year-old man (no. 5) and a 62-year-old
woman (no. 9) with Child-Pugh grade B complained of
severe fatigue after two courses, and the chemotherapy
was stopped. They had been treated by TAE for the
turmnors more than five times previously. Previous treat-
ments, especially transarterial chemoembolization
(TACE) may have affected the severity of the toxicity of
the present combined chemotherapy regimen, although
other factors such as age and Child-Pugh grade can be
considered as having affected the development of intol-
erable side-effects. Discontinuation of drug therapy led
to quick recovery from the adverse reactions. Of the
eight remaining patients, three dropped out of the study
and five completed three courses of treatment.

Therapeutic effects of combined
intra-arterial IFN-B and doxorubicin
injection therapy

All patients had advanced HCC, seven with and four
without portal thrombus. All HCC were evaluated for
volume changes by contrast-enhanced CT scans after 8
or 12 weeks. A 63-year-old man (no. 8) with HBV infec-
tion showed significant reduction of AFP and PIVKA-II
into the normal range. Diffuse HCC disappeared after
three courses of combined IFN-f3 and doxorubicin intra-

arterial injection therapy, being confirmed by contrast-
enhanced CT scan and MRI. Thus, we concluded that
patient no. 8 had attained CR (Fig. 1).

All patients showed a high serum level of AFP and/or
PIVKA-1I before treatment (Table 2). The serum levels of
AFP and/or PIVKA-II decreased after one course of com-
bined chemotherapy in all patients. However, the CT
scans demonstrated no significant volume reduction of
HCC in seven patients, and tumor enlargement in three.
Seven patients were classified as SD and three as PD
from contrast-enhanced CT scans (Table 1).

Overall survival

All of the patients were observed from November 2003
to October 2006. The estimated duration of overall
median survival was 10 months (Fig. 2a). The mean sur-
vival time was 15 months for CR and SD patients, which
is significantly longer than 6 months for PD patients
(P = 0.0464, log-rank test) (Fig. 2b). The mean survival
time of only SD patients (12 months) was not signifi-
cantly longer than that for PD patients (P= 0.0786,
log-rank test). The one-year survival rate for CR and SD
patients was 62.5% (5/8) and that for PD was 0% (0/3).
The progression-free survival time for CR or $D was
longer than that for PD (P= 0.0004, log-rank test)

© 2007 The Japan Society of Hepatology
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Figure 2 Overall survival periods of patients with advanced hepatocellular carcinoma who received combined B-interferon (IFN-B)
and doxorubicin intra-arterial injection therapy. (a) Overall survival periods of 11 patients who received combined IFN-B and
doxorubicin intra-arterial injection therapy. The mean survival period was 10 months. (b) Overall survival periods of seven patients
with stable disease (SD) and three with progressive disease (PD) after combined IEN-B and doxorubicin intra-arterial injection

therapy. The mean survival period was 15 months for SD patients and 6 months for PD patients. (

complete response. (P =0.0464, log-rank test).

(Fig. 3). Eight patients died of liver failure, including
five SD and three PD patients. A 73-year-old man (no.
3) died of sepsis that developed from catheter problems,
after completion of three cycles of treatment. Three
patients are alive, including one CR patient (25 months)
and two SD patients (35 and 20 months). The QOL
of PD patients was maintained until the end of the
treatment. The Eastern Cooperative Oncology Group
(ECOG) performance status at the end of the treatment
had not deteriorated.

Total bilirubin of the HCC patients who had received
IFN-B and doxorubicin intra-arterial combination
therapy decreased significantly after one cycle (P=
0.0344) and two cyces (P=0.0051) of treatment
(Fig. 4). In all patients, anorexia and lassitude were alle-
viated, offering remarkable benefits for advanced HCC
patients.

DISCUSSION

EPATOCELLULAR CARCINOMAS RECEIVE nour-
ishment from the hepatic artery, not the portal

© 2007 The Japan Society of Hepatology
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Figure 3 Progression-free survival times of patients with
advanced hepatocellular carcdinoma according to responses
to p-interferon and doxorubicin combination therapy.
One-year survival rate for CR or SD patients was 62.5% (5/8)
and that for PD was 0% (0/3). The progression-free survival
time for CR or SD was longer than that for PD. ( ),
CR-SD; (--~), PD. CR, complete response. (P= 0.0004, log~
rank test).
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flow. Thus, a therapeutic effect should be attainable by
giving antitumor agents via the hepatic artery. By direct
delivery into the hepatic artery, the concentrations of
anticancer agents in the liver increase to 10-fold or more
than those by administration via the peripheral veins.?®
By direct injection of anticancer drugs into blood vessels
draining to local areas, higher therapeutic effects can be
expected when higher ratios of drug concentration
appear in the internal organs on their first pass (first-
pass effect).” When doxorubicin is infused from the
hepatic artery, the first-pass effect in the liver is con-
sidered to be approximately 60% in rabbits. As the
antitumor effects are dose dependent, anthracyclines,
including doxorubicin, should be suitable for intra-
arterial - chemotherapy by single bolus injection.?
Doxorubicin is metabolized in the liver by hepatic cyto-
chrome P450 and is excreted in bile and urine.’ On
being metabolized by the typical P450 CYP3A4, 40% or
more of doxorubicin is ultimately excreted via the bile.
Its metabolism and excretion are delayed in patients
with hepatic dysfunction such as drrhosis or with
obstructive jaundice, in whom the side-effects of anthra-
cyclines tend to develop easily. In the present study,
myelosuppression was observed in two patients {nos. 2
and 6), and in one case G-CSF had to be used. We have
examined the concentration of doxorubicin of 10
patients incduding these patients. The blood concentra-
tion of doxorubicin was measured by high-performance
liquid chromatography using patients’ serum. In two
patients with myelosuppression, the blood concentra-
tions of doxorubicin exceeded 10 ng/mL at 60 min after
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the start of administration. In these patients, no signifi-
cant hepatic damages were observed. Another eight
patients without significant myelosuppression, whose
blood concentration of doxorubicin could be measured,
showed lower blood concentration than 10 ng/mL.
These findings suggested that patients, in whom the
blood doxorubicin concentration is 10 ng/mL or more
at 60 min after the start of administration, seem to be
susceptible to the side-effects, especially hematological
toxicity. In general, the serum concentration of doxoru-
bicin at 60 min after its administration is less than
10 ng/mL in normal subjects. But it could be well con-
sidered that the serum concentration of doxorubicin at
60 min after its administration to the patients with liver
dysfuction is more than 10 ng/mL due to the delayed
metabolism and excretion of doxorubicin. The monitor-
ing of serum concentration of doxorubicin seems to be
important in patients with liver cirrhosis.

IFN-B and doxorubicin intra-arterial combination
therapy significantly reduced total bilirubin, but did not
improve other liver function tests such as prothrombin
time and albumin, This seems to be the most distinct
hallmark of this therapy. In.the present study, no
patients had tumor thrombus in the bile duct, However,
in the cases of advanced HCC, tumors may compress the
small bile duct. After the treatment of combination
therapy, compression of the small bile duct by tumors
may be relieved because of the reduction of tumor size.
However, giving IFN to bile duct-ligated rats has been
reported to result in significant preservation of histol-
ogy, inhibition of collagen accumulation and partial

© 2007 The Japan Society of Hepatology



1024 H. Uyama et al.

improvement of serum markers of cholestasis.’ Thus,
IFN used with doxorubicin may bring about the partial
improvement of cholestasis in patients with advanced
HCC. However, the mechanism of reduction of serum
bilirubin by this combination chemotherapy remains to
be clarified. Marked improvement of total bilirubin by
IFN-B and doxorubicin therapy in HCC patients might
offer clinical proof of the novel characteristics of
interferon.

Yang et al. reported the efficacy of gemcitabine and
doxorubicin for patients with advanced HCC, with
median survival of 4.6 months for all patients and
median progression-free survival of 2.5 months.?> Obi
et al. reported the efficacy of combination therapy of
systemnic IFN-o and intra-arterial 5-FU for HCC patients
with portal vein invasion, with the survival rate at
12 months being 34% and median survival time of
6.9 months.”? The 1-year survival rate for CR or SD
patients was 62.5% and that for all patients, including
PD patients, was 45%, and the mean survival time for all
patients was 10 months in the present study, although
the number of the patients was small. The present find-
ings suggested that IFN- is more effective than gemcit-
abine or IFN-a for advanced HCC. This might explain
the effectiveness of IEN-B injected into the tumor site in
the liver directly through the catheter. To confirm the
superior effects of intra-arterial IFN-B administration,
further studies with more patients and longer treatment
periods should be done.

All patients enrolled in the present study had exten-
sively advanced HCC, with five cases induding portal
tumor thrombus Vp3. Patients with Child-Pugh grades
A and B are also eligible for this combined chemo-
therapy regimen, but the dose and the interval of
administration should be considered for patients with
ascites or a serum level of total bilirubin at 3.0 mg/dL or
more, such as Child-Pugh grade C.

Small amounts of IFN-§ and doxorubicin do not tend
to cause severe side-effects. Under the new enrollment
criteria, HCC patients need only 2 or 3 days of hospital
stay for port implantation, and outpatient therapy can
be started immediately. Moreover, this one-shot intra-
arterial injection therapy can be conducted within a
short time to minimize restriction of the patient. Based
on these findings, one-shot intra-arterial combination
chemotherapy of IFN-B and doxorubin could be re-
commended for outpatient therapy of patients with
advanced HCC.

In conclusion, for patients with progressive hepato-
cellular carcinoma, this preliminary study shows that
combined IFN-B and doxorubicin intra-arterial chemo-
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therapy has the potential of prolonging survival time
while maintaining QOL in an outpatient clinic. This
combination chemotherapy, with tolerable side-effects,
has the potential of serving as an optimal treatment
option for advanced HCC, by improving liver function
and maintaining the QOL for outpatients.
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Doxorubicin/IFN-B ft Ffb2a5 i & IR IC & Y BREIETF LB
B E Wﬁi%*’i\ ¥ EITAHREE O 1 6l

HE &®* A% &1BY HHEH KR B &Y % HET
hoHE %Y '3k oHEY KA #Y EF OEZC BT &aT
Ml FA*

(Jpn J Cancer Chemother 34(12): 2087-2089, November, 2007)

A Case of Hepatocellular Carcinoma with Right Atrium Tumor Thrombus Treated with Combined Doxorubicin and Inter-
feron—-B/Intra-Arterial Injection Chemotherapy and Hepatectomy: Masahiro Murakami*', Hiroaki Nagano*', Takehiro
Noda**, Hiroshi Wada**, Shogo Kobayashi*', Shigeru Marubashi*', Atsushi Miyamoto®', Yutaka Takeda™*, Keizo Dono™",
Koji Umeshita*? and Morito Monden*' (*'Dept. of Surgery and *?Dept. of Health Science, Graduate School of Medicine,
Osaka University)
Summary -
A-58~year—old male was admitted to Osaka University Hospital for advanced hepatocellular carcinoma in July 2005. The
main tumor was located in the posterior segment and hepatic vein tumor thrombus extended to the right cardiac atrium. He
felt of pressure in his chest and a serum total bilirubin level was beyond normal range because of the tumor progress. We
started a doxorubicin and interferon-B combined chemotherapy. Although anti—tumor effect was NC, his symptom rather
improved and a serum total bilirubin level went into the normal range. Consequently, we performed an extended posterior
segmentectomy and tumor thrombectomy of IVC and right cardiac atrium. The patient survived for 13 months after the initial
treatment, but he died of distant metastasis. It was suggested that the doxorubicin and interferon— combined chemothera-
py might be the promising modality for advanced hepatocellutar carcinoma as one of the multimodel treatment. Key words:
Hepatocellular carcinoma, Interferon—8, Doxorubicin
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WBC  5,100/uL APTT 30 sec
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