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resections for primary ductal carcinomas showed high
expression of HDGF for the nucleus and the
cytoplasm, respectively (44). There was no significant
relationship between HDGF expression and any
clinicopathologic variables including lymph node
metastasis or venous and neural invasion. Patients
with higher nuclear HDGF-LI showed a poorer 5-year
survival rate, although no significant difference was
observed by the cytoplasmic HDGF expression (44).
Multivariate analysis also revealed nuclear HDGF-LI
to be an independent prognosticator for overall
survival in patients with pancreatic ductal carcinomas.

Lung cancer

HDGF was found to be a mitogen for lung epithelial
cells in vitro and in vivo. In non-small cell lung cancer
(NSCLC) cells, HDGF expression was strongly-
detected in the nucleus as well as other cancer cells,
and 'HDGF labeling index (LI) was 20-95% by
immunohistochemical analysis (45). In patients with
early stage NSCLC who underwent curative surgery,
the disease-free and disease-specific survival and
overall survival were lower in those with higher
HDGF expression indexes than in those with lower
HDGF indexes (46). The high expression of HDGF
showed distant metastasis and shortened survival time
in patients with NSCLC. Iwasaki et al. also reported
similar results in Japanese patients with completely
resected NSCLC that patients with a high HDGF-LI
(>/= 65%) had significantly poorer overall and
disease-free survival than those with a low HDGF-LI
(45). HDGF-expression in NSCLC correlated with
DNA synthesis and intratumoral microvessel density
analyzed by CD31 staining, which coincided with the
characteristics of HDGF revealed by in
experiments. In this study, there was no significant

vitro

association  between HDGF-expression  and
clinicopathological variables. In patients with NSCLC,
HDGEF is a significant independent prognosti¢ factor,
also being more powerful than the patixological stage
by multivariate attalysis. Conversely, the relationship
between HDGF expression and disease-free and

overall survival remains to be clarified in patients with

59

small cell lung cancers.

HDGEF is a unique nuclear targeted growth factor,
which is expressed abundantly in cancer cells and
stimulates their proliferation. HDGF generated tumors
and promoted their growth in vivo via its mitogenic
activity and angiogenic activity deriving from both its
own direct angiogenic activity and the induction of
VEGF. Multivariate analysis of the relationship of
HDGF expression and recwrence-free and overall
survival in patients with HCC, NSCLC, gastric cancer,
esophageal cancer and pancreatic cancer confirmed
that HDGF has the potential to become a significantly
efficacious prognostic marker for cancer patients. It
will be expected in the future that any tool regulating
HDGEF expression or HDGF signal pathways may be a
useful candidate for the suppression of carcinogenesis
and cancer progression.
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ABSTRACT

Background/Aims: The prognosis of hepatocellu-
lar carcinoma (HCC) invading the major branches of
the portal vein (Vp3) is extremely poor. Recently, we
reported the efficacy of combination therapy with
subcutaneous interferon (IFN)-alpha and intra-arte-
rial 5-FU for intractable HCC with Vp3. In this
study, this therapy was applied for resectable ad-
vanced HCC (Vp3) as a postoperative adjuvant.

Methodology: Patients with HCC and tumor
thrombi either in the major or first branch of portal
vein were included (n=30). Fifteen consecutive pa-
tients with HCC and Vp3 were treated with at least
3 cycles of a combination therapy consisting of con-
tinuous arterial infusion of 5-FU (300mg/mm? day,
5 days/week, for the initial 2 weeks) and subcuta-
neous injection of IFN (5 MIU, 3 times/week, 4
weeks) as a postoperative adjuvant therapy follow-
ing hepatic resection. Another 15 patients who un-

derwent hepatic resection with no IFN/5-FU
chemotherapy acted as controls.

Results: The results were as follows in the IFN/5-
FU adjuvant treatment group; disease-free survival
(n=11, 5-55 months), survival with recurrence (n=2,
9, 48 months), cancer death (n=1, 18 months), death
from other causes but no recurrence (n=1, 22
months). The 1-year survival rate was 100% in pa-
tients treated with IFN/5-FU, and 41% in those with-
out IFN/5-FU historical controls (n=15). There was
a significant difference in disease-free and overall
survival rates between the two groups (p=0.0033
and 0.0031).

Conclusions: Combination therapy with subcuta-
neous IFN and intra-arterial perfusion of 5-FU
seems to be a promising postoperative adjuvant
treatment modality for resectable HCC with Vp3.

INTRODUCTION

The prognosis of advanced hepatocellular carci-
noma (HCC) remains poor, particularly in patients
with tumor thrombi in the major branches of the por-
tal vein [Vp3 (1)] (2-10). Even in resectable cases, the
prognosis is extremely poor despite aggressive sur-
gery, because of the very high incidence of recurrence
in the residual liver (6,8,10-12). Therefore, a new
strategy is required for these patients with advanced
HCC and portal tumor thrombi.

We reported previously one patient with recur-
rent HCC and multiple Jung, bone and liver metas-
tases (13). The malignancy was uncentrollable by con-
ventional therapies, but showed almost complete re-
gression following administration of tegafur/uracil
(UFT) and interferon (IFN)-a (13). The patient is still
alive without relapse 5 years after the initiation of
this treatment. This remarkable outcome prompted
us to systematically investigate the beneficial effect of

Hepato-Gastroenterology 2007; 54:172-179
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combination therapy using an anticancer drug and
IFN-a in advanced HCCs. We also reported recently
the efficacy of combination therapy of subcutaneous-
ly administered IFN-a and arterially infused 5-fluo-
rouracil (5-FU) in 11 consecutive patients with unre-
sectable HCC associated with Vp3 (14). Our results
showed that this treatment regimen markedly de-
creased tumor size and levels of tumor markers with
an encouraging response rate. It might therefore rep-
resent a promising regimen for advanced HCC with
tumor thrombi in the portal vein. In the present
study, we applied IFN/5-FU therapy for resectable
advanced HCC (Vp3) as a postoperative adjuvant and
examined its feasibility and efficacy.

METHODOLOGY
Patients

From 1986 to 2003, 538 patients with HCC were
admitted and underwent curative hepatic resection
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in the Department of Surgery, Osaka University Hos-
pital. Of these patients, 30 were included in this study
based on the identification of a tumor thrombus either
in the major or first branch of the portal vein (Vp3).
Liver function tests and imaging techniques, includ-
ing computed tomography (CT) with hepatic angiog-
raphy and arterial portography, revealed that these
cases were resectable and subsequently they under-
went hepatectomy. Of the 30 patients, 15 recent con-
secutive patients, from 1998 to 2003, had an intra-
arterial catheter inserted through the gastro-duode-
nal artery with an implanted drug delivery system
(15) during the operation to facilitate postoperative
adjuvant IFN/5-FU combined chemotherapy (see
below) (14). They were treated with at least 3 cycles
as a postoperative adjuvant. The demographics of
these patients are shown in Table 1. The postopera-
tive adjuvant was commenced as soon as possible post-
operatively when the criteria for inclusion were sat-
isfied. Fifteen previous patients, from 1987 to 2001,
with the same tumor stage of advanced HCC and Vp3,
underwent surgery with no combined IFN/5-FU post-
operative adjuvant therapy. They were treated with
appropriate local HCC therapy, and if there was re-
currence postoperatively in the residual liver or other
organ, no IFN/5-FU combined therapy was adminis-
tered. The demographics of these patients are shown
in Table 2. They were compared to 15 patients with
postoperative adjuvant IFN/5-FU combined therapy
after hepatic resection, in terms of features of HCC,
hepatic function, surgery, clinical effects, disease-free
and overall survival.

The TNM stage and grade of portal vein throm-

bus were classified according to the 3™ edition of the -

general rules for the clinical and pathological study of
primary liver cancer by the Liver Cancer Study Group
of Japan (1). The criteria for selection for intra-arte-
rial combination treatment included; 1) absence of
extra-hepatic metastases, 2) AST and ALT levels
below 100 IU/L, 3) a platelet count exceeding 80,000
/mm3, 4) successful implantation of intra-arterial
catheter and drug delivery system, and 5) a perform-
ance status (Eastern Cooperative Oncology Group,
ECOG) (16) of level 0-1.

Treatment Regimen of IFN/5-FU Combined
Chemotherapy and Follow-up after Surgery
After obtaining informed written consent, each
patient was treated with subcutaneous administra-
tion of IFN-a (OIF, Otsuka Pharmaceutical Co.,
Tokyo) and an intra-arterial infusion of 5-FU (Kyowa
Hakko Co., Tokyo). IFN-a (5x10° U, [5 MU)) was ad-
ministered on days 1, 3, and 5 of every week (14). Con-
tinuous infusion chemotherapy (5-FU, 300mg/mm3/
day) through the proper hepatic artery was applied 5
days/week for 2 weeks via a catheter connected to a
subcutaneously-implanted drug delivery system. All
anti-cancer therapies were discontinued when adverse
effects reached level 2 on the ECOG classification (16)
(with the exception of platelet and leukocyte counts
of less than 40,000 /mm?3 and 2,000 /mm?, respective-
ly, as these parameters were often low prior to treat-
ment due to liver cirrhosis). In addition to serum
chemistry, tumor markers such as alpha-fetoprotein
(AFP) and PIVKA-II (Protein Induced by Vitamin K
Antagonist or Absence) were measured at least once

R

Age Sex T M N Vp Stage Operation Alb  PT/HPT ICGR-15 AFP PIVKA-II Virus
case 1 47 M 4 0 0 3 4A left lobectomy 4.5 §1/91 4 11400 7900 B
case 2 69 M 4 0 0 3 4A extended anterior 3.7 86/85 21 768 14784 C
segmentectomy
case 3 54 M 4 0 1 3 4A right lobectomy 3.5 64/105 16 28 1847 B+C
case 4 47 M 4 0 0 3 4A extended right lobectomy - 3.4 74/67 26 27 2067 B+C
case 5 60 M 4 0 0 3 4A extended posterior 3.9 71/69 16 <5 <40 B
- segmentectomy
case 6 80 M 4 0 0 3 4A left lobectomy 4 74/66 26 19 1568 B+C
case 7 34 M 4 0 0 3 4A extended left lobectomy 3.9 90/89 4 456 1153 B
case 8 66 M 4 0 0 3 4A extended medial 3.3 75/87 15 5 298 C
segmentectomy
case 9 54 M 4 0 0 3 4A right lobectorny 4.5 77/62 14 8700 353617 B
casel0 54 M 4 0 0 3 4A right lobectomy 3.7 65/85 21 32930 <40 B+C
casell 69 M 4 0 0 3 4A right lobectomy and 4.1 90/93 17 7473 205 B+C
pancreatoduodenectomy
casel2 54 M 4 0 0 3 4A left lobectomy 3.8 82/78 17 680 <40 C
casel3 56 F 4 0 0 3 4A left lobectomy 3.6 71/63 19 13260 1039 C
caseld 62 M 4 0 0 3 4A right lobectomy 3.6 63/73 18 . 23500 476 B+C
casel 58 M 4 0 0 3 4A right lobectomy 3.8 85/87 16 6500 1200 C

TNM stage and the grade of portal vein thrombus were classified according to the 3rd edition of the general rules of the clinical and
pathological study of primary liver cancer by liver cancer study group of Japan.

Alb: serum albumin (g/dL); PT: Prothrombin time (%); HPT:

Hepaplastin test (%);

ICGR-15: indocyanine green retention rate at 15 minutes (%);
AFP: alpha-fetoprotein (ng/mL) and PIVKA-II: Protein Induced by Vitamin K Absence (mAU/mL).
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PT/HPT ICGR-15

T M N tage Operation Alb AFP PIVEA-II  Virus
casel6 72 M 4 0 1 3 4A right lobectomy 4.3 ND/89 15 10876 ND nonAnonB
casel?7 56 M 4 0 0 3 4A right lobectomy 3.2 ND/74 23 377 ND nonAnonB
casel8 42 M 4 0 0 3 4A right lobectomy 4.1 ND/82 14 67 ND B
casel9 65 M 4 0 0 3 4A  extended left lobectomy 4.0 ND/133 6 5 ND B
case20 58 M 4 0 0 3 4A right lobectomy 3.7 ND/72 16 227 ND nonAnonB
case2l 61 M 4 0 0 3 4A right lobectomy 3.7 ND/75 - 10256 ND nonAnonB
case22 62 M 4 0 0O 3 4A  lateral segmentectomy 3.8  ND/73 19 105360 ND ND
case23 34 M 4 0 0 3 4A right lobectomy 29  61/59 6 10332 10240 B
case24 56 M 4 0 0 3 4A left lobectomy 3.1 76/52 11 75 1450 B
case25 48 M 4 0 0 3 4A right lobectomy 2.8 5857 14 9 62.5 B
case26 54 M 4 0 1 3 4A extended right lobectomy 3.0  85/93 - 1500 21300 -
case27 58 M 4 0 0 3 4A right lobectomy 4.2 84/72 19 2208 62.5 B
case28 63 M 4 0 0 3 4A extended posterior 34 72/84 15 21 62.5 -

segmentectomy
case 29 69 4 0 0 3 4A right lobectomy 3.7 97/97 7 2900 571 9]
case30 67 M 4 0 0 3 4A extended posterior 2.9 67/60 35 4733 18625 C
segmentectomy

TNM stage and the grade of portal vein thrombus were classified according to the 3rd edition of the general rules of the clinical and

pathological study of primary liver cancer by liver cancer study group of Japan.

Alb: serum Albumin (g/dL); PT: Prothrombin time (%); HPT: Hepaplastin test (%);
ICGR-15: indocyanine green retention rate at 15 minutes (%);
AFP: alpha-fetoprotein (ng/mL) and PIVKA-II: Protein Induced by Vitamin K Absence (mAU/mL). ND: not done.

every month. An abdominal CT scan or dynamic mag-
netic resonance imaging (MRI) was also performed
before and after treatment, at least once every 3
months. The objective response was classified accord-
ing to the ECOG criteria (16).

Statistical Analysis

Survival curves were constructed using the Ka-
plan-Meier method (17). Survival curves were com-
pared using the log-rank test. The features of HCC,
biochemistry, ICGR-15, and virus status were com-
pared using the Mann-Whitney test. The level of
tumor markers (AFP, and PIVKA-II) was compared
by the Wilcoxon matched-pair test. Significance was
interpreted as p<0.05.

RESULTS
Features of Preoperative Hepatic Function,
Hepatocellular Carcinoma, and Surgery

The features of preoperative hepatic function are

"shown in Table 3. There was no significant differ-

ence between the IFN/5-FU adjuvant and non-IFN/5-
FU adjuvant groups in the preoperative hepatic func-
tion; serum albumin (g/dL), prothrombin time (PT,
%), hepaplastin test (HPT, %), indocyanine green re-
tention rate at 15 minutes (ICGR-15, %). No differ-
ence was also demonstrated in terms of tumor stage,
surgical procedure, including AFP (ng/mL) and
PIVKA-II (mAU/mL) (Tables 1 and 2).

Clinical Effects, Disease-free and Overall
Survival

All 30 patients in this study were discharged with-
out major complications. The results of the IFN/5-FU
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adjuvant treatment group were as follows; disease-
free survival (n=11) (56-55 months), survival with re-
currence (n=2) (13, 48 months), cancer death (n=1)
(18 months), death from other causes with no recur-
rent cancer lesion in the residual liver (n=1) (22
months). The summary of these results in each case
is shown in Table 4. With respect to Cases 2 and 8,
IFN/5-FU combined therapy could not be continued
over 4 cycles, due to technical difficulties with the
catheter. After stopping the treatment, recurrent le-
sions appeared in the residual liver in these two pa-
tients, at 18 and 8 months after surgery, respective-
ly. They were treated again after insertion of the ar-
terial catheter with intervention (IVR). The lesion
was well-controlled over 30 months in Case 2. In Case
8, the recurrent lesion completely disappeared after
re-treatment with IFN/5-FU combined chemothera-
py (complete response, CR), however, the patient died
suddenly due to cardiac failure secondary to ischemic
heart disease.

In the other group that received no adjuvant
IFN/5-FU therapy, almost all patients (11 of 15) died
of recurrent cancer within 2 years. All patients de-
veloped recurrences in the residual liver, 2 also had
lung metastasis, and one had lung and lymph node
metastasis. Recurrence was identified within 1 year
of hepatic resection in 12 of the 15 patients, and 11
died within 2 years. These clinical results for the con-
trol group are summarized in Table 5.

With respect to survival, the overall survival rates
at 1 and 3 years were 100% and 74%, respectively, in
patients on IFN/5-FU combination therapy (n=10),
and 41% and 22%, respectively, in the historical con-
trols with no IFN adjuvant (n=15). In addition, the
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IFN/5-FU postoperative adjuvant

(n=15) (n=15)
mean * SD (range) mean + SD (range) p value
Albumin (g/dL) 3.8+0.4 (3.4-4.5) 3.520.5 (2.8-4.3) NS
Prothrombin time (%) 75.7+8.3 (65-90) 75.0+13.2 (61-97) NS
Hepaplastin test (%) 80.6+13.9 (62-105) 78.1+20.2 (52-133) NS
ICGR-15 (%) 16.3+7.8 (4-26) 15.4+7.8 (6-35) NS

Recurrence Period Histology
Recurrence  Recurrent Disease- Survival prognosis Cause Cancer Non-
site free period period of death cancer

case 1 - - 55 55 alive - EdIII(por) B’-
case 2 + liver 18 48 alive - EdII(mod) CAH+
case 3 - - 30 30 alive - EdIl(mod) B-
case 4 - - 24 24 alive - EdllI(por) CAH+
case 5 - - 24 24 alive - EdII(por) B’-
case 6 - - 22 22 alive - EdIII(por) B’-
case 7 + liver, lung 7 18 died cancer EdIIl(por) B’-
case 8 + liver 8 22 died cardiac failure® EdII(mod) B’-
case 9 - - 13 13 alive - EdIII{por) B’-
case 10 + lymph node 6 13 alive - EdIIl{por) B-
case 11 - 12 12 alive - EdIIi(por) B’-
case 12 - - 12 12 alive - EdIlI(por) - B-
case 13 - - 10 10 alive EdII(mod) B-
case 14 - - 6 6 alive - EdIII(por) B’-
case 15 - - 5 5 alive - EdII(mod) CAH+

# Although the recurrent lesion had completely disappeared after the re-treatment with IFN/5-FU combined chemotherapy

(CR), he died suddenly due to cardiac failure of ischemic disease.

1- and 3-year disease-free survival rates were 72%
and 60%, respectively, in patients on IFN/5-FU com-
bination therapy (n=10), and 39% and 20%, respec-
tively, in historical controls with no IFN adjuvant
(n=15). There was a significant difference in disease-
free and overall survival between these two groups
(overall; p=0.0031, disease-free; p=0.0033). The over-
all survival curves are shown in Figure 1.

A Representative Case Successfully Treated
with IFN/5 FU Adjuvant Therapy and
Hepatic Resection

A representative patient who was successfully
treated is described below.
Case 1

A 47-year-old man with hepatitis B virus infection,
advanced HCC (massive type in left lobe) and portal
thrombus in the left branch of the major trunk (Fig-
ure 2) underwent left lobectomy in October 1998.
Tumor markers were highly elevated before surgery
(AFP: 11,400ng/mL, PIVKA-II: 7,900mAU/ mL).
Histopathological examination of the resected tissue
showed poorly-differentiated HCC with Vp3 and
metastasis to the gallbladder (Figure 2). For the pre-
vention of recurrent tumor development, a combina-
tion of IFN/5-FU therapy (4 cycles) was administered
over 7 months. No recurrence of the tumor occurred

after cessation of treatment and no tumor progression
has been observed for 55 months after surgery.

Adverse Effects

No leukopenia, thrombocytopenia, or myelosup-
pression was observed in the 15 patients of the IFN/5-
FU group. Other adverse effects were, in general, clin-
ically manageable. Fever was commonly observed but
was easily controlled by non-steroidal anti-inflamma-
tory drugs prior to IFN injection. No depression due
to IFN administration was observed in any of the 15
patients.

DISCUSSION

In the present study, a combination therapy of
subcutaneous administration of IFN-a and arterial
infusion chemotherapy with 5-FU was applied as a
postoperative adjuvant to 15 consecutive patients with
resectable HCC associated with Vp3, following hepat-
ic resection. OQur results showed that this treatment
regimen markedly decreased the incidence of recur-
rence in the residual liver and significantly prolonged
the disease-free and overall survival periods compared
with historical controls, as shown in Figures 1 and
2. Unexpectedly, the 1-year overall survival rate was
100% in the IFN/5-FU treatment group. These re-
sults showed that combination therapy with subcuta-
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Recurrence Prognosis Histology
Recurrence  Recurrent Disease- Survival prognosis Cause Cancer Non-
site free period period of death cancer
case 16 + liver 50 58 died cancer Edll{por) CAH
case 17 + liver, lung 1 3 died cancer EdIII(por) B’-
case 18 + liver 1 5 died cancer EdHI(por) B’-
case 19 + liver 12 18 died cancer EdII(por) unknown
case 20 + liver 5 5 died cancer EdII(mod) BA’+
case 21 + liver 42 63 died cancer EdIII(por) B+
case 22 + liver 4 33 died unknown EdIII(por) B+
case 23 + liver 5 10 died cancer EdIII(por) CIH-
case 24 + liver 3 5 died cancer EdIII(por) glissonitis,se
case 25 + liver 2 4 died cancer EdIV glissonitis
(undifferentiated)
case 26 + liver 1 3 died cancer EdIV chr.glissoniti
(undifferentiated)

case 27 + liver 31 58 died cancer EdIII(por) B-
case 28 + liver, lymph node 6 6 died cancer EdIII(por) chr.glissoniti
case 29 + liver, lung 3 8 died cancer EdIlI(por) CIH
case 30 + liver 4 7 died cancer EdIlI(por) B-

SURVIVAL RATE (%)
Post operative IFN/5FU adjuvant (n=15)
1007 I
1 N 11 I 1 ]
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1 4
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FIGURE 1 Overall survival rates of patients grouped according to
whether they received IFN/5-FU combined chemotherapy or not as a
postoperative adjuvant following hepatic resection. There was a
statistically significant difference in survival (p=0.0031).

neous IFN and intra-arterial 5-FU may be therefore
a promising treatment modality for resectable HCC
with Vp3, as a postoperative adjuvant.

Development of tumor thrombi in a major branch
or main trunk of the portal vein is a frequent termi-
nal feature of HCC, either with primary or recurrent
tumors. The prognosis of such patients is extremely
poor and survival is generally limited to a few months
after diagnosis (2-10). For these advanced HCCs, con-
ventional therapies like percutaneous ethanol injec-
tion, microwave coagulation therapy, and tran-
scatheter arterial embolization (TAE) are generally
not indicated due to lack of efficacy and associated
complications (6,8,18). Arterial infusion chemother-
apy has also been attempted, but its effectiveness re-
mains unsatisfactory (5,19,20). Even in resectable
cases, the prognosis is extremely poor despite aggres-
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sive surgery, because of the very high incidence of re-
currence in residual liver (7,9,10-12). In addition, the
recurrent lesions are very severe and massive in al-
most all cases. Based on this point of view, in the ab-
sence of effective pre- and/or postoperative adjuvant
therapy, hepatic resection should not be offered in
such cases; no treatment except hepatic resection
would be anticipated to improve AFP status or long-
term survival. To date, several reports have men-
tioned the feasibility of hepatic resection for patients
with portal vein tumor thrombosis (PVTT), however
the outcome of this treatment is in general unsatis-
factory. A recent study (21) reported very low rates of
disease-free and overall survival for HCC with PVTT.
In that report, disease-free survival rates at 1, 3, and
5 years were 15.0, 5.0 and 5.0%, respectively; overall
survival rates at 1, 3 and 5 years were 30.0, 13.0 and
13.0%, respectively. Several other previous reports
(7,9,10-12,22) were similar. Compared with these pre-
vious reports, our clinical outcome using IFN/5-FU
combined therapy as a postoperative adjuvant was
excellent and highly satisfactory, in terms of disease-
free and overall survival rates.

The anti-tumor effects of systemic IFN-a therapy
in HCC remain controversial. Several studies with
IFN-a alone demonstrated only a minimal clinical ef-
fect (23-26). In a randomized controlled study, Lai et
al. (27) demonstrated the beneficial effect of IFN-a
with a 31% response rate in patients with inoperable
HCC. In other studies, systemic combination thera-
py with IFN-a and doxorubicin was also found to be
ineffective with a response rate ranging from 3 to 17%
(28-30). The response rate in combination therapy
with IFN-a and multiple anticancer agents including
5-FU and doxorubicin was 26% (31), and appeared
better than other combination therapies with doxoru-
bicin only. ‘
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Using intra-arterial infusion chemotherapy and
systemic IFN-a administration, Urabe et al. (32) re-
ported a response rate of 47% in patients with Vp3.
More recently, Chunget al. (33) reported a partial re-
sponse in 33% (6/18) of patients with major portal
vein thrombosis or distant metastases, who received
systemic combination therapy with IFN-a and cis-
platin (CDDP). We also reported the anti-tumor effect
of IFN/5-FU combined chemotherapy; complete or
partial response was observed in 63% (5/8) of patients
(14). It is difficult to accurately compare the effective-
ness of various therapeutic regimens among differ-
ent studies because of patient selection bias in liver
function or extent of tumor progression and differ-
ences in the evaluation methods of the clinical effect.
Although the limitations in comparing the clinical re-
sponse between studies cannot be neglected, the
marked effect.and acceptable toxicity of our therapy
in HCC patients with extremely poor prognosis sug-
gests that combination therapy of IFN-a and 5-FU
may be a promising treatment regimen.

This incredible clinical effect of IFN/5-FU com-
bined chemotherapy after surgery could not be in-
duced by 5-FU chemotherapy alone as a postoperative
adjuvant. Cases 24 and 25 were treated with intra-
arterial perfusion of 5-FU alone. Both patients re-
fused the IFN/5-FU combined chemotherapy because
of their experience of depression induced by IFN-a
for treatment of HCV infection. These two patients
developed tumor recurrence in residual liver at 3 and
4 months postoperatively, and died of cancer 8 and 7
months postoperatively, respectively, despite 5-FU
intra-arterial perfusion chemotherapy without IFN
as a postoperative adjuvant.

With respect to postoperative adjuvant therapy
for HCC, a recent review mentioned systemic
chemotherapy, hepatic-artery chemotherapy or TAE,
as well as a combination of these therapies did not
improve overall or disease-free survival after poten-
tially curative surgery for localized HCC (34). This
report referred to pre- and/or post-adjuvant therapy
only for resectable low stage HCCs, and not for ad-
vanced cases, with common prevention of recurrence
in the liver. To date, there are few reports about ad-
juvant therapy for advanced HCC with PVTT. Radio-
therapy was effective for reduction of the size of tumor
thrombus, especially combined with TAE in recent
reports of the treatment of PVTT (35-37). However,
no prolongation of survival was expected and it may
be considered as a preoperative adjuvant therapy. An-
other report suggested that for long-term survival in
advanced HCC with tumor thrombus, preoperative
TAE is necessary and the ICGR-15 (%) should be bet-
ter than 20% (38). The survival rates at 1 and 3 years
in that study were 82% and 42%, respectively. Their
results compared favorably with the previous reports,
and our data were better than their results in terms
of overall survival at 1 and 3 years (100% and 74%, re-
spectively, in the present study). With respect to liver
function, a low ICGR-15 was the one of the conditions

FIGURE 2 Case 1. (&) CT arteriography (CT-A) showing the main
tumor of the left lobe of the liver. The tumor is massive with tumor
thrombus of the left branch. (B) Arterial portography demonstrates
tumor thrombus extending up to the main trunk of the portal vein
(arrow), from the main tumor occupying the whole left lobe. Arrow;
tumor thrombus in the major branches of the portal vein.

(C) Morphological findings of the resected left lobe of the liver.
Black arrow; portal venous thrombus of the main trunk. White arrow;
metastatic lesion of the gallbladder. (D) Pathological findings of the
main tumor of the resected liver. The postoperative histological
examination revealed poorly-differentiated HCC with Vp3

(E) and metastasis to gallbladder (F).

for long-term survival after surgery. In our report,
the ICGR-15 in 40% of patients (4 of 10) in the post-
adjuvant IFN/5-FU group was worse than 20%.
Therefore, our present study is the first to describe a
promising strategy for advanced HCC with PVTT,
with 1-year survival rate of 100%.

Myelosuppressive adverse effects are particularly
important in patients with HCC. This is not only be-
cause thrombocytopenia and/or leukopenia are often
present before the initiation of anticancer therapy,
but also because treatment often has to be discontin-
ued due to these side-effects. Another advantage of
this combination therapy is the markedly low inci-
dence of myelosuppressive side-effects; no patient de-
veloped leukopenia in this study (data not shown).

Other side-effects were also well controlled by con-
ventional treatment. These relatively mild side-ef-
fects allowed continuation of treatment, and may en-
hance the marked clinical effect because treatment
was never interrupted due to adverse effects. In ad-
dition, the QOL of patients in this study was excellent,
because IFN/5-FU adjuvant therapy was performed at
outpatient clinics. No hospital admission was neces-
sary to receive IFN injection combined with intra-ar-
terial perfusion chemotherapy. The patients could
maintain their social life while on IFN/5-FU adjuvant
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therapy. Moreover, they had no symptoms related to
liver dysfunction.

In conclusion, our present study indicated that

combination chemotherapy with subcutaneous IFN-
a and intra-arterial 5-FU is a promising strategy for
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Abstract We experienced a patient who received successful
treatment for multiple hepatocellular carcinoma (HCC)
nodules, with tumor thrombi in the major portal branches,
with intraarterial 5-fluorouracil perfusion chemotherapy
combined with subcutaneous interferon-alpha administra-
tion. The patient was a 50-year-old man with hepatitis C
virus and HCC. The tumors consisted of a 5-cm main nod-
ule in the right lobe (segment 8) and multiple intrahepatic
metastases. The tumor also involved portal vein thrombosis
throughout the right portal branch. After two cycles of
interferon-alpha/5-fluorouracil combination chemotherapy,
tumor markers demonstrated a decreasing tendency. Nine
months after the initiation of this therapy, the tumors were
limited to the right lobe and were surgically removed by S8
subsegmentectomy, S5 partial hepatectomy, and portal
thrombectomy. The serum levels of both alpha-fetoprotein
and protein induced by vitamin K absence II fell to normal
levels after hepatic resection. Fifty-eight months after the
first treatment, he is alive with several recurrent nodules in
the liver. In conclusion, the interferon-alpha/5-fluorouracil
combination therapy is a useful treatment for HCC in pa-
tients who have multiple intrahepatic metastases and portal
vein thrombosis. In addition to this therapy, combined mo-
dality therapy including, for example, surgical resection, can
sometimes have a dramatic therapeutic effect, shown by
tumor markers reverting to normal levels.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignancies worldwide.! The prognosis of HCC
remains unsatisfactory in spite of newly developed thera-
peutic modalities, such as radiofrequency ablation and mi-
crowave coagulation therapy.™ Especially, the prognosis of
HCCs with macroscopic tummor thrombi in the major branch
of the portal vein (Vp3—4) is extremely poor.* Most HCC
patients with Vp3—4 tumors develop recurrences, and half
of them die within 1 year after surgery even if curative
resection is performed.” The prognosis of unresectable
patients with Vp3—4 is much worse, and most patients die
within several months.*® Therefore, the development of
new antitumor therapy for HCC patients is urgent and
mandatory.

Recently, we reported that intraarterial 5-fluorouracil
(5-FU) perfusion chemotherapy conibined with subcutane-
ous interferon-alpha (IFN-o) administration showed an
excellent clinical response in patients with advanced HCC
with macroscopic tumor thrombi in the major branch of the
portal vein.>"' However, the clinical response rate of-this
combination theraphy is about 50%." In addition, complete
remission was not always achieved, even in patients for
whom the treatment was considered effective (ie., CT
showed all enhanced regions in the liver disappeared). In
this report, we describe our experience of a patient with
HCC associated with liver cirrhosis due to hepatitis C, who,
when first admitted was assessed as unresectable because of
multiple intrahepatic metastases and major portal vein
thrombosis. He was given subcutaneous injections of IFN-o
and intraarterial infusions of 5-FU, and subsequently he-
patic resection and thrombectomy were performed. This led



to the dramatic eradication of multiple tumor nodules and
portal vein thrombosis, and the reduction to normal range
of serum levels of both alpha-fetoprotein (AFP) and pro-
tein induced by vitamin K absence I (PIVKA-II).

Case report

The patient was a 50-year-old man with a history of blood
transfusion at 33 years for treatment of hemorrhage due to
a traffic accident. Abnormal liver function was identified for
the first time at 38 years of age, and chronic hepatitis due
to infection with hepatitis C virus was diagnosed. At age
48 years, multiple liver tumors were found by ultrasound
examination. The tumors were diagnosed as HCC by com-
puted tomography (CT) and magnetic resonance imaging
(MRI) and consisted of a main nodule 5cm in diameter in
the right lobe (segment 8) and multiple intrahepatic metas-
tases around the main nodule and in segment 3. In addition,
the tumor involved portal vein thrombosis throughout the
right portal branch.

Clinical tests on admission indicated abnormal liver
function. The levels of aspartate aminotransferase (AST;
63IU/), alanine aminotransferase (ALT; 97TU/1), and total
bilirubin (T-Bil; 1.8mg/dl) were abnormally high. Pro-
thrombin time (PT) was 63% and the indocyanine green
test rate at 15min (ICGR-15) was 27%. Elevation of the
tumor markers AFP, at 43ng/ml, and PIVKA-II, at
8127mAU/ml, revealed advanced HCC. After hospitaliza-
tion, the background liver cirrhosis was defined as B accord-
ing to the Child-Pugh classification. Because there were
multiple nodules in the whole liver and thrombosis in the
major portal branch, hepatectomy and embolization thera-
py were judged to be contraindicated. After the permission
of the ethics committee at Osaka University Hospital and
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written informed consent were obtained, the patient was
treated with subcutaneous administration of IFN-o (OIF;
Otsuka Pharmaceutical, Tokyo, Japan) and intraarterial
infusion of 5-FU (Kyowa Hakko, Tokyo, Japan). The regi-
men was as follows: IFN-a. (5 x 10°U) was administered on
days 1, 3, and 5 of each week for 4 weeks, and continuous
infusion chemotherapy (5-FU, 300mg/m’ per day) through
the proper hepatic artery was performed every 2 weeks for
4 weeks via a catheter connected to a subcutaneously im-
planted drug delivery system.’

After two cycles of this IFN-a/5-FU combination chemo-
therapy, tumor markers demonstrated a decreasing ten-
dency. The level of PIVK A-TI fell to 361 mAU/ml. The AFP
level demonstrated no marked elevation (Fig. 1). After
three cycles of IFN-o/5-FU combination chemotherapy, the
main nodule had decreased in size and the tumor thrombus
in the first branch of the portal vein and some of satellite
lesions were disappeared (Fig. 2a—d). Nine months after the
initiation of this therapy, the tumors were limited to the
right lobe and the tumor thrombus had disappeared. There-
fore, we could avoid right lobectomy, which would have
been an extensive resection in this patient, and we surgically
removed the tumor by S8 subsegmentectomy with S5 partial
hepatectomy, and portal thrombectomy. The macroscopic
finding of portal vein tumor thrombus was necrotic (Fig.
3a). Histological examination revealed that there were no
intrahepatic metastatic lesions in the resected specimen.
Moreover, the portal vein thrombosis had become orga-
nized (Fig. 3a) and showed no evidence of malignant cells
(Fig. 3c). Serum levels of both AFP and PIVKA-II fell to
normal after the hepatic resection. Furthermore, one cycle
of IFN-0/5-FU combination chemotherapy was performed
as postoperative adjuvant therapy, and the serum levels of
these markers were maintained at normal levels, and no
evidence of recurrence was shown by computed tomogra-
phy for 8 months after the hepatic resection.

Fig. 1. Clinical course of the pa- 5FU+ IFN-a SFU+ IFN-o
tient. Serumn alpha-fetoprotein AFP 3 eveles 1 cvele PIVKA-I ALT
(AFP), protein induced by vita- (yo/m) : = mAU/mI)  (UN)
min K absence 11 (PIVKA-IT), _ -
and alanine aminotransferase - r r 300
(ALT)levels areindicated bythe | ™ . Hepatectomy
solid line, dotted line, and dashed 8000 - 8000
line, respectively. 5-FU, 5-fluoru- l o
racil; JEN-a interferon-alpha - "
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. - ~,~ - -~ 100
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Fig. 2a—d. Computed tomography of the abdomen before the initiation
of IFN-o/SFU combination therapy showed a hepatocellular carcino-
ma involved with satellite nodules around the main nodule, and b
portal vein thrombosis. ¢ After three cycles of IFN-o/5FU combination

Before the initial treatment, this patient’s hepatitis C
virus (HCV) genotype was group 1b and HCV RNA con-
centration in serum was 280kIU/ml. After three courses of
the therapy, HCV RNA was not detected by reverse-
transcription-polymerase chain reaction (RT-PCR). After
the hepatectomy, the viral load of HCV RNA was positive.
However, after one more course of the combination thera-
py, HCV RNA was not detected again. The serum ALT
level was less than 100U/l during the course of the treat-
ment. During the clinical course, a gastric ulcer occurred.
The catheter had fallen out of the gastroduodenal artery
(GDA) and had become inserted into the common hepatic
artery; the catheter was re-inserted into the GDA and fixed
in an appropriate position.

The patient is alive 58 months after the first IFN-o/5-FU
combination chemotherapy, with some recurrent nodules in
the liver.
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therapy, the main hepatocellular carcinoma nodule had markedly de-
creased in size and the number of satellite lesions had decreased, and
d portal vein thrombosis had diminished

Discussion

In Japan, intraarterial perfusion chemotherapy is the most
common treatment for advanced HCC which can not be
treated by either surgery or embolization is contraindicated.
This treatment is thought to deliver a higher concentration
of chemotherapeutic drug to the tumor cells in the whole
liver and to induce a greater antitumor effect that systemic
chemotherapy. Nevertheless, the response rate of the
hepatic arterial infusion chemotherapy has been still
unsatisfactory.” :

In general, HCCs are resistant to anticancer drugs."”
However, recent studies, including those from our group,
have demonstrated an excellent clinical response to the
combination therapy of TFN-o and 5-FU in HCC patients
complicated with Vp3—4.>** We have previously reported



Fig. 3. a Surgical specimen of the liver shows that the portal vein
thrombosis had become organized (arrow). b Histological examination
shows residual viable hepatocellular carcinoma cells in the main nod-
ule, and ¢ no evidence of tumor cells in the portal vein thrombosis. d
Immunohistochemical staining for type I IFN recepiors (IFNAR) in

the efficacy of IFN-at and 5-FU combination therapy against
advanced HCC, based on its high response rate and low in-
cidence of side effects.’ In our experience, in approximately
half of 55 patients who were deemed unresectable because
of multiple intrahepatic metastases and major portal vein
thrombosis, IFN-0/5-FU combination chemotherapy was
effective.”

Although the exact mechanism of action of this combina-
tion therapy has not yet been established, it has been re-
ported that, in colon carcinoma cells, IFN-a enhances the
expression of thymidine phosphorylase, which converts 5-
FU to an active metabolite and enhances the DNA damage
caused by 5-FU."" We also demonstrated previously that
IFN-o and 5-FU synergistically reduced tumor cell pro-
liferation through cell-cycle arrest’® and that IFN-g also
exerted immunomodulatory effects by stimulating natural
killer (NK) cells and monocytes through the upregulation
of tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL), which induces apoptosis in HCC cells."
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the hepatocellular carcinoma tissues of the patient who received TIFN-
&/SFU combination therapy. The resected surgical specimen shows
high IFNAR expression. Immunohistochemistry was performed ac-
cording to our previous report.” b x100; ¢ x40, H&E; d x200

IFN-a exerts its multiple functions through type I TFN
receptors (IFNAR). We also demonstrated the importance
of this receptor for antitumor effects.”? We estimated the
expression of IFNAR in tumor tissues by means of immu-
nohistochemistry® in 13 HCC patients who teceived IFN-
o/5-FU combination chemotherapy;" in the HCC patients
who received IFN-o/5-FU combination therapy, the expres-
sion of IFNAR in tumor tissue was significantly higher in
clinical responders than in nonresponders.”® It should be
noted that none of the responders were negative for IF-
NAR expression. It is conceivable that the existence of IF-
NAR is a minimal requirement for an effective response to
IFN-o/5-FU combination therapy. In the patient described
in the present report, there was high IFNAR expression in
the tumor tissue (Fig. 3d).

The complete remission in this patient was thought to be
due to the following factors: (1) high sensitivity of the HCC
to 5-FU; (2) TFN-a exerting its multiple antitumor effects
through positive IFNAR in tumor cells; (3) appropriate



