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Abstract

Purpose We have previously shown that continuous

intra-arterial combination chemotherapy (IACC) might be

more effective for advanced hepatocellular carcinoma

(aHCC) in patients with HCV-related liver cirrhosis

(C-LC) or alcoholic liver cirrhosis (A-LC) than in patients

with HBV-related LC (B-LC). However, it is still unknown

whether IACC actually improves the prognosis of aHCC

patients with liver cirrhosis (LC), because it is difficult to

perform a randomized controlled trial for patients with a

poor prognosis. The aim of this study was to retrospec-

tively assess the influence of IACC on the prognosis of

aHCC.

Methods Fifty-eight adult Japanese patients who had

aHCC and LC underwent repeated trans-arterial chemo-

embolization (TACE) without IACC between 1990 and

1997 at our hospital (group T), while 43 patients with

aHCC and LC received IACC between 2000 and 2008 after

undergoing several TACE sessions (group R). The Japan

Integrated Staging score (JIS score) of each patient

was C 3 at the time of presentation, except for patients

with tumor thrombi involving the first or subsequent portal

vein branches or those with tumor invasion of the inferior

vena cava. The same IACC regimen was repeated for as

long as possible in group R.

Results In group T, 13 patients had B-LC, 37 patients had

C-LC, and 8 patients had A-LC, while the respective

numbers were 14, 21, and 8 in group R. The median sur-

vival time (MST) was 248 days for patients with C-LC in

group T and 708 days for those in group R, while it was

253 days for patients with A-LC in group T and 593 days

for those in group R. There were significant differences of

survival between the two groups. However, MST was

369 days for patients with B-LC in group T and 782 days

for those in group R, without a significant difference. In

group R, a complete or partial response was achieved after

4 weeks of chemotherapy in 14.3% of patients with B-LC

versus 42.9% of patients with C-LC and 37.5% of patients

with A-LC.

Conclusions In LC patients with a JIS score [ 3 at

diagnosis, multimodal therapy with IACC after TACE

prolongs the MST of C-LC or A-LC patients compared

with TACE alone, although it does not improve the MST of

patients with B-LC.

Keywords Multimodal therapy � Hepatocellular

carcinoma � Liver cirrhosis � Intra-arterial chemotherapy �
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common

malignancy in men and the eighth in women, with over

500,000 new cases being diagnosed worldwide each year

[1–3]. Several therapeutic modalities, including surgery,

percutaneous ethanol injection (PEI), transcatheter arterial

chemoembolization (TACE), and radiofrequency ablation

(RFA), are used to treat patients with small tumors. TACE

has been reported to be an effective palliative treatment for

patients with unresectable HCC, and various chemotherapy

agents (such as doxorubicin, epirubicin, and mitomycin)
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are used with lipiodol [4–10]. Although repeated TACE is

one of the most potent therapies for unresectable HCC,

resistance often develops after a number of sessions, and

long-term survival rates beyond 3 years are not very high.

There are also many patients with advanced HCC

(aHCC), and intra-arterial chemotherapy is one of their few

remaining options. It was reported that most patients with

aHCC do not survive for longer than 6 months after

diagnosis [11], while other authors have reported an aver-

age survival period of 4 months from the onset of symp-

toms and 2 months from the time of admission [12].

Development of better implantable drug delivery systems

has made it possible to perform repeated hepatic arterial

infusion of anticancer agents in patients with aHCC, and

such hepatic arterial infusion therapy improves both sur-

vival and the quality of life [13]. Continuous local intra-

arterial infusion of 5-fluorouracil (5-FU) and cisplatin

(CDDP) via a pump and an implanted reservoir has been

shown to prolong the survival of patients with aHCC [13–

15]. We have also reported that the combination of low-

dose intra-arterial 5-FU, CDDP, and leucovorin (LV)

prolongs the survival of aHCC patients [16], with contin-

uous infusion for 24 h being more effective than infusion

for 6 h in aHCC patients with liver cirrhosis (LC) sec-

ondary to HCV infection, although 24-h infusion is asso-

ciated with stronger hematologic toxicity [17].

Furthermore, we have demonstrated that IACC might be

more effective for aHCC patients with alcoholic LC or

HCV-related LC than for patients with HBV-related LC

[18].

However, it is still unclear whether IACC is really

useful for aHCC patients with LC, because the execution of

a randomized controlled trial is very difficult in patients

who have such a poor prognosis. Recently, sorafenib has

also been used to treat patients with aHCC. Sorafenib is an

oral multikinase inhibitor that shows strong in vitro activity

by targeting the Raf/mitogen-activated protein kinase/

extracellular signal-related kinase signaling pathway. So-

rafenib inhibits cell surface tyrosine kinase receptors

(vascular endothelial growth factor receptor [VEGFR]-2,

VEGFR-3, and platelet-derived growth factor receptor-b)

and downstream intracellular serine/threonine kinases

(Raf-1, wild-type B-Raf, and mutant B-Raf) that are

involved in both tumor cell proliferation and tumor angi-

ogenesis [19]. Sorafenib has demonstrated significant

clinical activity against HCC in phase II and phase III

studies [20, 21], in which sorafenib treatment achieved a

longer median survival time and longer time to radiologic

progression compared with placebo. To devise future

therapeutic strategies employing sorafenib for LC patients

with aHCC, it is necessary to confirm the superiority of

multimodal therapy with IACC after several sessions of

TACE, compared to the effect of TACE alone.

Accordingly, the aim of this study was to retrospectively

assess the influence of IACC on the prognosis of patients

with LC receiving TACE for aHCC.

Methods

Patients

Fifty-eight adult Japanese patients (53 men and 5 women)

who had both aHCC and LC underwent repeated TACE

without IACC between 1990 and 1997 at our hospital

(group T). Forty-three patients (39 men and 4 women) who

had aHCC and LC received IACC between 2000 and 2008

after several sessions of TACE (group R). In group R,

patients were given IACC when TACE did not achieve a

response or tumors showed rapid progression. The Japan

Integrated Staging score (JIS score) of each patient

was C 3, and each patient had stage II or more advanced

disease at the time of presentation (Table 1), except for

patients with tumor thrombi involving the first or sub-

sequent portal vein branches or those with tumor invasion

of the inferior vena cava. The diagnosis of HCC was made

either by histological examination or by a combination of

imaging findings [double-contrast spiral computed tomog-

raphy (CT)] and a serum alpha-fetoprotein (AFP)

level [ 500 lg/L. The patients in this study were not eli-

gible for surgical resection or for interventions such as PEI

or RFA because they had multiple tumors in both lobes of

the liver. They also did not request liver transplantation.

Transcatheter arterial chemoembolization

All patients gave informed content to the procedure. A

peripheral line was inserted for hydration. The femoral

artery was catheterized under local anesthesia, and the

catheter was advanced as close as possible to the tumor-

feeding artery. Then, an emulsion of epirubicin and lipi-

odol followed by gelatin sponge particles was carefully

Table 1 Japan Integrated Staging score (JIS Score) calculation of JIS

score

Variables Score

0 1 2 3

Child-Pugh stage A B C

TNM stage* I II III IV

Stage I Stage II Stage III Stage IV

Child-Pugh C 2 3 4 5

Child-Pugh B 1 2 3 4

Child-Pugh A 0 1 2 3

* By Liver Cancer Group of Japan
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injected under fluoroscopic monitoring. The emulsion

contained 40 mg of epirubicin (Nipponkayaku Co., Tokyo,

Japan) to each 5.0 ml of lipiodol. The doses of emulsion

and gelatin particles were based on the size and number of

the tumors.

TACE was performed in patients without main portal

vein thrombus or severe liver dysfunction, while chemol-

ipiodolalization was performed in patients with severe liver

dysfunction.

IACC

Patients received 24-h IACC (LV at 12 mg/h, CDDP at

10 mg/h (Yakult Co., Tokyo, Japan) and 5-FU at 250 mg/

m2 for 22 h (Kyowa Kirin Co., Tokyo, Japan)). Continuous

infusion was performed via the proper hepatic artery every

5 days for 4 weeks using a catheter connected to a sub-

cutaneously implanted drug delivery system. After the first

course, this regimen was repeated for as long as possible.

The doses of the chemotherapy agents were selected

according to previous reports [16, 17].

In all patients, an intra-arterial catheter was inserted via

the femoral artery and was attached to a subcutaneous

reservoir [22]. The gastroduodenal artery and the right

gastric artery were occluded with steel coils to prevent

gastroduodenal injury by the anticancer agents. Written

informed consent to IACC was obtained from all of the

patients.

Evaluation of response

The primary endpoint of this study was the response rate,

which was evaluated according to World Health Organi-

zation (WHO) criteria. The secondary endpoints were

progression-free survival and the toxicity of chemotherapy.

On CT scans obtained after 4 weeks of treatment, the

size of the liver tumors was measured as the product of the

two longest perpendicular diameters of the largest tumor.

A complete response (CR) was defined as disappearance of

the tumor, while a partial response (PR) was defined as

more than 50% reduction in the product of the two longest

diameters. An increase in the product by more than 25%

was defined as progressive disease (PD), and changes

between PD and PR were defined as stable disease (SD).

Survival was measured as the interval between the date

starting of IACC and death.

Statistical analysis

Statistical analysis was performed with the Statistical

Package for the Social Science (SPSS version 11.0; SPSS,

Chicago, IL, USA). Survival was evaluated by the Kaplan–

Meier method, and the significance of differences in

survival was determined by the log-rank test. Proportional

hazards analysis was employed to identify factors with an

influence on the curative effect and survival. Results are

reported as the mean ± SD. A probability value of less

than 0.05 was considered to indicate statistical significance.

Results

In group T, there were 13 patients with underlying HBV

infection (B-LC), 37 patients with underlying HCV infec-

tion (C-LC), and 8 patients with alcoholic cirrhosis

(A-LC), while the respective numbers were 14, 21, and 8 in

group R. The Child-Pugh (C-P) class was A for 15 out of

58 patients in group T, while 36 were in class B and 7 were

in class C, with the respective numbers being 19, 20, and 4

in group R (Table 2). The median survival time was

238 days for group T and 680 days for group R (Fig. 1).

But there was no significant difference of the median sur-

vival between the two groups (P = 0.956, by the Kaplan–

Meier method and log-rank test).

Table 2 Clinical characteristics of 101 patients with advanced HCC

and cirrhosis

Group T Group R P

No. of patients 58 43

Mean age 62.3 ± 7 62.8 ± 7 0.437

Gender (M/F) 53/5 39/4 0.906

Type of cirrhosis (HBV/HCV/alcohol) 13/37/8 14/21/8 0.629

Child-Pugh classification (A/B/C) 15/36/7 19/20/4 0.052

Stage (II/III/IVA/IVB) 4/9/41/4 0/5/32/6 0.076

JIS score (3/4/5) 25/25/8 26/13/4 0.097

Fig. 1 Survival curves for LC patients with aHCC plotted by the

Kaplan–Meier method. There were 58 patients treated with TACE

alone (group T) and 43 patients treated with IACC after TACE (group

R). The survival of group R was better than that of group T, although

there was no significant difference. The median survival time was 238

and 680 days for group T and group R, respectively (P = 0.956,

Kaplan–Meier method and log-rank test)
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We previously demonstrated that IACC might be more

effective for aHCC in patients with A-LC or C-LC than in

patients with B-LC [18]. In this retrospective study, the JIS

score of each patient was already 3 or more at presentation,

except for patients with tumor thrombi involving the first or

subsequent portal vein branches or those with tumor

invasion of the inferior vena cava. A complete or partial

response was seen after 4 weeks of chemotherapy in only

14.3% of patients with B-LC versus 42.9% of patients with

C-LC and 37.5% of patients with A-LC from group R

(Table 3). Therefore, we investigated the usefulness of

IACC in relation to the etiology of aHCC.

Assessment stratified by the etiology of cirrhosis

HBV-related cirrhosis

The C-P class was A for 4 out of 13 patients with HBV-

related cirrhosis from group T, while 7 were in class B and

2 were in class C, with the respective numbers being 8, 5,

and 1 in group R (Table 4). There was no significant dif-

ference of survival between the groups (P = 0.615, Kap-

lan–Meier method and log-rank test), although the median

survival time was only 369 days for the patients in group T

versus 782 days for those in group R (Fig. 2). The 1-year

survival rate of the patients in group T was 46.2%, while it

was 57.1% for those in group R. The 2-year survival rate of

patients in group T was 23.1 versus 50.0% for those in

group R, while 5-year survival rate was 7.7 and 7.1%,

respectively (Table 5).

HCV-related cirrhosis

The C-P class was A for 9 out of 37 patients with HCV-

related cirrhosis from group T, while 24 were in class B

and 4 were in class C, with the respective numbers being

10, 10, and 1 in group R (Table 6). The median survival

time was 248 days for the patients in group T versus

708 days for those in group R, and there was significant

difference between the groups (P = 0.045, Kaplan–Meier

method and log-rank test) (relative hazard: 0.56; 95%

confidence interval: 0.31–0.99 [P = 0.048]) (Fig. 3). The

1-year survival rate of the patients in group T was 35.1%,

while it was 90.5% for those in group R. The 2-year sur-

vival rate of patients in group T was 24.3 versus 47.6% for

those in group R, while the 5-year survival rate was 5.4 and

9.5%, respectively (Table 5).

Table 3 Objective responses of 43 patients with HOC and cirrhosis

treated by combined intra-arterial chemotherapy

CR PR SD PD Response rate (%) P

HBV n = 14 0 2 3 9 14.3

HCV n = 21 0 9 7 5 42.9 0.755

Alcohol n = 8 0 3 5 0 37.5 0.873

Data show the number of patients

CR complete response, PR partial response, SD stable disease,

PD progressive disease

Table 4 Clinical characteristics of the 27 patients with advanced

HCC- and HBV-related cirrhosis

Group T Group R P

No. of patients 13 14

Mean age 55.5 ± 6 59.9 ± 10 0.105

Gender (M/F) 12/1 14/0 0.756

Child-Pugh classification (A/B/C) 4/7/2 8/5/1 0.220

Stage (ll/lll/IVA/IVB) 0/3/9/1 0/1/10/3 0.280

JIS score (3/4/5) 7/4/2 10/31 0.430

Fig. 2 Survival curves for B-LC patients with aHCC plotted by the

Kaplan–Meier method. There were 13 patients treated with TACE

alone (group T) and 14 patients treated with IACC after TACE (group

R). There was no significant difference of survival between groups T

and R, with the median survival time being 369 and 782 days,

respectively (P = 0.615, Kaplan–Meier method and log-rank test)

Table 5 Survival in relation to the etiology in patients with HCC and

cirrhosis

Survival rate (%) Etiology

HBV HCV Alcohol

1 year

TACE 46.2 35.1 25.0

TACE ? IACC 57.1 90.5 50.0

2 years

TACE 23.1 24.3 0.0

TACE ? IACC 50.0 47.6 25.0

3 year

TACE 15.4 16.2 0.0

TACE ? IACC 21.4 19.0 0.0

5 years

TACE 7.7 5.4 0.0

TACE ? IACC 7.1 9.5 0.0
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Alcoholic cirrhosis

The C-P class was A for 2 out of 8 patients with alcohol

cirrhosis from group T, while 4 were in class B and 2 were

in class C, with the respective numbers being 1, 5, and 2 in

group R (Table 7). The median survival time was 253 days

for the patients in group T and 593 days for those in group

R, while a significant difference between the groups

(P = 0.025, Kaplan–Meier method and log-rank test)

(relative hazard: 0.19; 95% confidence interval: 0.04–0.95

[P = 0.044]) (Fig. 4). The 1-year survival rate of the

patients in group T was 25.0%, while it was 50.0% for

those in group R. The 2-year survival rates were 0.0 and

25.0%, respectively (Table 5).

Discussion

TACE has been widely used for the palliative treatment of

HCC that is unsuitable for curative therapy. Randomized

controlled trials and prospective studies have shown that

TACE improves the survival of patients with unresectable

HCC [8–10]. However, a single session of TACE does not

always achieve complete necrosis of the tumor [23], and

repetition of this treatment has been recommended [7].

Frequent recurrence of aHCC after TACE is caused by

tumor angiogenesis and incomplete embolism. IACC

improves both the survival of patients with aHCC and their

quality of life [13]. We have already reported that IACC

prolongs the survival of patients with aHCC [16] and that it

might be more effective for patients with A-LC or C-LC

than for those with B-LC [18]. To devise future therapeutic

strategies including sorafenib, it is necessary to confirm

whether multimodal therapy (IACC after TACE) is more

useful for LC patients with aHCC than TACE alone.

In the present study, we retrospectively assessed the

effect on survival of IACC after TACE for patients with

aHCC stratified by the etiology of LC. There was no sig-

nificant difference of survival between group T and group

R, although the median survival time was 238 days for

group T and 680 days for group R. However, stratified

analysis based on the etiology of LC showed that adding

IACC to TACE prolonged the median survival of C-LC or

A-LC patients compared with TACE alone, although it did

not improve the median survival of patients with B-LC.

Table 6 Clinical characteristics of 58 patients with advanced HCC-

and HCV-related cirrhosis

Group T Group R P

No. of patients 37 21

Mean age 65.2 ± 4 65.9 ± 5 0.126

Gender (M/F) 33/4 17/4 0.386

Child-Pugh classification (A/B/C) 9/24/4 10/10/1 0.068

Stage (ll/lll/IVA/IVB) 3/5/27/2 0/4/15/2 0.564

JIS score (3/4/5) 15/19/3 14/6/1 0.067

Fig. 3 Survival curves for C-LC patients with aHCC plotted by the

Kaplan–Meier method. There were 37 patients treated with TACE

alone (group T) and 21 patients treated with IACC after TACE (group

R). The survival of group R was significantly better than that of group

T, with the median survival time being 248 and 708 days, respec-

tively. (P = 0.045, Kaplan–Meier method and log-rank test) (relative

hazard: 0.56; 95% confidence interval: 0.31–0.99 [P = 0.048])

Table 7 Clinical characteristics of 16 patients with advanced HCC

and alcoholic cirrhosis

Group T Group R P

No. of patients 8 8

Mean age 59.9 ± 8 61.1 ± 3 0.328

Gender (M/F) 8/0 8/0 1.000

Child-Pugh classification (A/B/C) 2/4/2 1/5/2 0.798

Stage (ll/lll/IVA/IVB) 1/1/5/1 0/0/7/1 0.505

JIS score (3/4/5) 3/2/3 1/5/2 0.798

Fig. 4 Survival curves for A-LC patients with aHCC plotted by the

Kaplan–Meier method. There were 8 patients treated with TACE

alone (group T) and 8 patients treated with IACC after TACE (group

R). The survival of group R was significantly better than that of the

group T, with the median survival time of each group being 253 and

593 days, respectively (P = 0.025, Kaplan–Meier method and log-

rank test) (relative hazard: 0.19; 95% confidence interval: 0.04–0.95

[P = 0.044])
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When the percentage of patients with a complete or partial

response after 4 weeks of chemotherapy was assessed,

IACC was also more effective for aHCC in patients with C-

LC or A-LC than in patients with B-LC. These results

indicate that adding IACC after TACE can improve the

survival of C-LC and A-LC patients (but not B-LC

patients) with aHCC compared to TACE alone and that

prolongation of survival by multimodal therapy depends on

the response to IACC. Indeed, C-LC and A-LC patients

showed a good response to IACC compared with B-LC

patients and had superior 1-year and 2-year survival rates.

However, patients with A-LC treated by multimodal ther-

apy did not achieve long survival, probably because their

cirrhosis progressed due to continued alcohol intake.

Why there were differences in the response of aHCC to

IACC depending on the etiology of LC, although the same

chemotherapy regimen was used? When chemotherapy is

given to LC patients with aHCC, we must consider the

influence of tumor factors, the host immune system, and

anticancer drugs. Production of immunosuppressive fac-

tors, an increase in regulatory T cells (Treg), and down-

regulation of tumor antigens and MHC molecules are

mechanisms by which tumor cells escape the host immune

response [24, 25]. These mechanisms all operate in patients

with HCC. It has been demonstrated that HCC progresses

despite the detection of a tumor-specific cellular and

humoral immune response in more than 50% of patients

[26]. The response of T cells to self- and nonself-antigens

is controlled by a network of regulatory T (Treg) cells.

CD4? cells with constitutive expression of CD25, the

interleukin-2-receptor a-chain, are generally considered to

be natural Treg cells and account for 5–10% of peripheral

CD4? T cells in healthy animals and humans [27–29].

Based on their cytokine profiles, helper T cells can be

divided into two distinct populations, which are called type

1 helper T (Th1) cells and type 2 helper T (Th2) cells. Th1

cells produce interferon-c (IFN-c) and interleukin-2 (IL-2)

and play a pivotal role in cell-mediated immunity, while

Th2 cells produce interleukin-4 (IL-4), interleukin-10 (IL-

10), and other cytokines that are essential for the regulation

of humoral immunity [30, 31]. IFN-c preferentially inhibits

the proliferation of Th2 cells, while IL-4 and IL-10 are

secreted by Th2 cells and inhibit the secretion of IL-12,

which is the critical cytokine for Th1 differentiation

[32, 33]. In addition, Th1 and Th2 cells cross-regulate their

own development. It has been reported that Th2 cytokines

down-regulate antitumor immunity [34], while the activa-

tion of the Th1 response promotes antitumor immunity

[35–38]. We previously reported that the Th1/Th2 balance

might be a useful indicator of the response of aHCC to

IACC in patients with LC and that loss of Th1 dominance

is significantly more common in patients with tumor pro-

gression [39]. In addition, the percentage of Th2 cells was

reported to increase in LC patients with aHCC as the

response to IACC decreases [40]. Thus, the Th1/Th2 bal-

ance might be titled toward Th2 predominance in patients

with B-LC, and this may help to explain why IACC was

more effective for aHCC in patients with C-LC or A-LC

than in those with B-LC.

In conclusion, we studied LC patients with a HCC and a

JIS score C 3 at presentation. We found that multimodal

therapy with IACC after TACE prolonged the survival

compared with TACE alone in patients with C-LC or

A-LC, although it did not improve the survival for patients

with B-LC. The improvement of survival by adding IACC

to TACE in C-LC or A-LC patients with aHCC was

dependent on the response to IACC. Further studies are

needed to improve the survival of B-LC patients with

aHCC.
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