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Abstract. Transcatheter arterial chemoembolization (TACE) is 
the standard therapy for Barcelona Clinic Liver Cancer (BCLC) 
classification intermediate stage B hepatocellular carcinoma 
(HCC). However, other transcatheter methods, such as trans-
catheter arterial infusion (TAI), also play an important role in 
the treatment of advanced HCC. Although it has been reported 
that TAI with a high concentration of a fine‑powder formula-
tion of cisplatin (DDP‑H) reduced intrahepatic recurrence and 
improved survival, the combined use of TAI with DDP‑H and 
TACE has not yet been investigated. The aim of this study was 
to evaluate which TACE chemotherapeutic agent in combina-
tion with DDP‑H TAI contributes more to improved survival 
in BCLC‑B HCC. Survival was analyzed in 55 patients who 
underwent DDP‑H TAI and TACE for BCLC‑B HCC. The 
patients were classified into two groups; Epirubicin was used as 
the TACE agent in 29 patients, whereas miriplatin was used in 
26 patients. The cumulative survival rates at 1 and 2 years were 
66.4 and 36.0% in the epirubicin and 95.8 and 61.30% in the 
miriplatin group, respectively. Survival time was significantly 
prolonged in the miriplatin group compared with that in the 
epirubicin group. Multivariate analysis identified Child‑Pugh 
classification and up‑to‑seven criteria as factors affecting 
survival. In addition, the selection of miriplatin as the TACE 
chemoagent was the treatment factor that most significantly 
affected survival. Thus, double‑platinum therapy with DDP‑H 
TAI and miriplatin TACE may be a useful treatment strategy 
for improving survival in BCLC‑B HCC patients.

Introduction

Transcatheter arterial chemoembolization (TACE) is currently 
the standard first‑line treatment for Barcelona Clinic Liver 
Cancer (BCLC) stage B hepatocellular carcinoma (HCC) 
patients (1,2).

Chemotherapeutic agents such as doxorubicin (3), epiru-
bicin (4‑6), mitomycin C (7) and cisplatin (8) are combined 
in TACE for the treatment of HCC; however, their treatment 
efficacy remains unclear.

We previously reported that whole‑liver transcatheter arte-
rial infusion (TAI) with a high concentration of a fine‑powder 
formulation of cisplatin (DDP‑H) (IA‑call®; Nippon Kayaku 
Co. Ltd., Tokyo, Japan) prior to radical local treatment inhib-
ited intrahepatic recurrence of HCC (9), and that whole‑liver 
TAI of DDP‑H administered to HCC patients with a Japan 
Integrated Staging (JIS) score of 0‑1 improved survival (10).

The aim of the present study was to evaluate whether epiru-
bicin (Farmorubicin; Pfizer Japan, Tokyo, Japan) or miriplatin 
(Miripla; Dainippon Sumitomo Pharma, Osaka, Japan) best 
contributes to survival when used as the chemoagent in TACE 
in combination with DDP‑H whole‑liver TAI in patients with 
primary BCLC‑B HCC.

Patients and methods

Patients. This was a single‑center, explorative, cohort study of 
55 patients with BCLC‑B stage primary treatment‑naïve HCC 
diagnosed between July, 2004 and March, 2015. The survival 
time and predictive factors were analyzed in 55 BCLC‑B 
stage HCC patients who underwent DDP‑H whole‑liver TAI 
in combination with TACE at the Saiseikai Niigata Daini 
Hospital. Epirubicin (Farmorubicin; Pfizer Japan, Tokyo, 
Japan) was used as the TACE chemoagent in 29 patients, 
whereas miriplatin (Miripla; Dainippon Sumitomo Pharma, 
Osaka, Japan) was used in 26 patients. Epirubicin was selected 
as first‑line treatment before miriplatin approval (October, 
2009), and miriplatin was selected as first‑line treatment 
thereafter.

HCC was diagnosed by dynamic contrast‑enhanced 
computed tomography or dynamic contrast‑enhanced 
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magnetic resonance imaging. The inclusion criteria were 
as follows: BCLC‑B, no prior treatment for HCC, poor 
candidate for surgery, Eastern Cooperative Oncology Group 
performance status 0‑2, normal electrocardiographic findings, 
normal serum creatinine level and age 20‑85 years.

Ethics statement. This study was approved by the Institutional 
Review Board of Saiseikai Niigata Daini Hospital and was 
conducted in accordance with the principles of the Declaration 
of Helsinki. All the patients provided written informed consent.

Treatment. In all the patients, the femoral artery was punctured 
using the Seldinger technique and a 5‑F introducer was inserted, 
followed by insertion of a 5‑F catheter. Subsequently, a 3‑F 
microcatheter was advanced into the proper hepatic artery, and 
DDP‑H (IA‑call®, Nippon Kayaku, Co., Ltd.) 65 mg/m2 was 
infused through the catheter into the whole liver over 30 min. 
The DDP‑H solution was prepared by dissolving DDP‑H 
(100 mg/vial) in 70 ml physiological saline warmed to 50˚C 
(cisplatin concentration: 1.43 mg/ml). A 5‑hydroxytryptamine‑3 
receptor antagonist and corticosteroids were administered 
during DDP‑H infusion to reduce emesis. To prevent renal 
toxicity, hydration was performed by intravenous drip infu-
sion of fluids (500 ml prior to DDP‑H infusion and 1,500 ml 
following DDP‑H infusion), and the patients were instructed to 
ingest ≥2,000 ml/day of water beginning the day after treatment.

Following DDP‑H infusion, superselective TACE was 
administered to embolize subsectional and/or peripheral 
nutrient vessels.

The patients were divided into two groups according to the 
anticancer agent used in TACE: A total of 29 patients were 
included in the epirubicin group and 26 patients in the mirip-
latin group.

When TACE was performed with epirubicin, one 50‑mg 
vial of epirubicin was dissolved in 1‑2 ml of non‑ionic contrast 
agent, and a suspension was prepared by pumping a maximum 
of 50 mg of epirubicin and 2‑8 ml of lipiodol between 2 syringes 
10‑20 times. When TACE was performed using miriplatin, one 
70‑mg vial of miriplatin was dissolved in 4 ml of lipiodol, and 
a suspension was prepared containing a maximum of 140 mg 
of miriplatin and 8 ml of lipiodol. In both groups, the amount 
of suspension used was determined according to the size of 
the nodule [the suspension was administered until it filled the 
tumor blood vessels to a maximum of 6 ml (120 mg mirip-
latin)]. In all procedures, TACE was performed until stasis of 
the blood flow in the target artery was observed. Following 
TACE, angiograms were taken from multiple perspectives to 
confirm that there was no tumor staining or accumulation of 
lipiodol in the tumor.

Statistical analysis. The primary endpoint of this study was 
overall survival. Background clinical characteristics were 
compared between the epirubicin and miriplatin groups by 
the Wilcoxon rank sum test or Fisher's exact test. Overall 
survival was calculated from the date of therapy initiation to 
the date of death, and survival curves were constructed using 
the Kaplan‑Meier method. Overall survival was compared 
between the two groups by the log‑rank test and generalized 
Wilcoxon test. Prognostic factors were identified by univariate 
and multivariate analyses using the Cox proportional hazards 

model. Values of P<0.05 were considered to indicate statis-
tically significant differences. Furtheremore, the time to 
progression (TTP) was calculated from the date of therapy 
initiation to the date of radiological progression. All analyses 
were performed using Statistical Analysis System software, 
version 9.2 (SAS Institute Inc, Cary, NC, USA). Adverse events 
were evaluated according to the National Cancer Institute 
Common Terminology Criteria, version 4.0.

Results

Patient characteristics. There were no significant differences 
in background clinical characteristics between the epirubicin 
and miriplatin groups (Table I). The median follow‑up period 
for all 55 patients was 14.2 months (range, 2.2‑60.5 months).

Overall survival and TTP. The 1-, 3- and 5‑year cumula-
tive survival rates of BCLC‑B patients were 80.0, 40.3 and 
23.9%, respectively. Significant differences were found in the 
cumulative 1- and 2‑year survival rates, which were 66.4 and 
36.0%, respectively, in the epirubicin group vs. 95.8 and 61.3%, 
respectively, in the miriplatin group (log‑rank test, P=0.020; 
generalized Wilcoxon test, P=0.013; Fig. 1). In the Child A 
group, significant differences were observed with respect to 
cumulative 1- and 2‑year survival rates, which were 79.0 and 
44.4%, respectively, in the epirubicin group vs. 100.0 and 
62.5%, respectively, in the miriplatin group (log‑rank test, 
P=0.048; generalized Wilcoxon test, P=0.039; Fig. 2). Even in 
patients with up‑ to‑seven criteria deviations, significant differ-
ences were detected in the cumulative 1- and 2‑year survival 
rates, which were 56.5 and 25.4%, respectively, in the epirubicin 
group vs. 93.3 and 40.8%, respectively, in the miriplatin group.

The median TTP remained significantly longer in the 
miriplatin group compared with that in the epirubicin group 
(9.4 vs. 4.4 months, respectively).

Univariate and multivariate analyses for factors predicting 
survival. Univariate analyses demonstrated that Child‑Pugh 
classification, up‑to‑seven criteria and the chemoagent were 
significantly associated with survival (Table II). Multivariate 
analysis identified Child‑Pugh classification [B vs. A: hazard 
ratio (HR) = 0.177, 95% confidence interval (CI): 0.059‑0.534], 
up‑to‑seven criteria (beyond vs. within: HR=0.104, 95% CI: 
0.018‑0.593) and the use of miriplatin vs. epirubicin as the 
chemoagent (HR=4.103, 95% CI: 1.267‑13.289) as independent 
predictors of survival (Table III). Therefore, miriplatin as the 
chemoagent was considered to be the most important treatment 
factor affecting survival.

Adverse events. Treatment‑related adverse events were 
assessed according to the National Cancer Institute Common 
Terminology Criteria, version 4.0. Adverse events were 
evaluated as the maximum change in the grade within 
3 months after therapy. Grade 3 or 4 adverse events occurred 
in both the epirubicin and miriplatin groups (Table IV). In 
the epirubicin group, these events included an elevated aspar-
tate aminotransferase (AST) level in 13 patients  (44.8%), 
elevated alanine aminotransferase (ALT) level in 13 (44.8%), 
thrombocytopenia in 4  (13.7%) and hyperbilirubinemia 
in 1 patient  (3.4%). In the miriplatin group, these events 
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included an elevated AST level in 5 patients (19.2%), elevated 
ALT level in 7 (26.9%) and thrombocytopenia in 1 patient 
(3.8%). The grade 3 or 4 elevation in AST and ALT level 
was transient in all patients and there was no significant 
difference in the time to return of the AST and ALT level to 
normal between the two groups.

Regardless of the use of platinum, there was no grade 3 
or 4 renal dysfunction in either group.

Discussion

The Barcelona Clinic Liver Cancer (BCLC) staging system 
serves to estimate life expectancy and link the assessment of 
disease extent and patient status with optimal treatment.

TACE has been established for the treatment of HCC 
when surgical resection or other local treatment is not indi-
cated (11,12).

TACE is recommended as the standard treatment for 
BCLC‑B stage HCC.

The major local effects of TACE include local retention of 
anticancer drugs and lipiodol and the ischemic effects of the 
embolic material. Various anticancer drugs may be selected, 
including doxorubicin (3), epirubicin (4‑6), mitomycin C (7) 
and cisplatin (8).

However, there are institutional differences regarding 
the use of these agents, and the superiority of a specific drug 
with regard to efficacy has yet to be established. When we 
investigated the effect of the addition of TAI with DDP‑H and 
carboplatin as pretreatment prior to TACE/radiofrequency 

Table I. Clinical background of 55 BCLC‑Ba hepatocellular carcinoma patients.

Demographic variables	 Epirubicin (n=29)	 Miriplatin (n=26)	 P‑value

Gender, male:female	 24:5	 22:4	 0.85
Age, years	 69.10±8.09	  67.31±8.97	 0.44
Etiology, HBV/HCV/non‑B, non‑C	 5/15/9	 5/12/9	 0.91
Total bilirubin, mg/dl	 0.87±0.34	 0.77±0.42	 0.29
Serum albumin, g/dl	 3.53±0.37	 3.64±0.54	 0.42
Prothrombin activity, %	 84.24±7.262	  90.89±14.99	 0.12
ALT, IU/l	 54.56±37.47	 58.38±42.30	 0.72
AST, IU/l	 74.03±42.94	 76.85±103.98	 0.89
Platelet count, x104/mm3	 13.79±7.25	 21.62±8.53	 0.16
AFP, ng/ml	 934.95±3,236.65	 1,604.06±3,775.83	 0.48
DCP, mAU/ml	 5,104.88±12,687.17	 7,466.65±15,111.95	 0.53
Child‑Pugh score	 6.41±1.11	 5.97±0.72	 0.09

aBarcelona Clinic Liver Cancer classification stage B. Data are presented as mean ± standard deviation. HCV, hepatitis C virus; HBV, hepa-
titis B virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase; AFP, α‑fetoprotein; DCP, des‑γ‑carboxy prothrombin.

Figure 2. Comparison of overall survival between Barcelona Clinic Liver 
Cancer (BCLC) stage  B hepatocellular carcinoma patients with Child 
Pugh class A disease, who received transcatherter arterial chemoemboliza-
tion (TACE) using miriplatin and transcatheter arterial infusion (TAI) with 
fine‑powder formulation of cisplatin (DDP‑H), and those who received 
TACE using epirubicin and TAI with DDP‑H. There was a significant differ-
ence between the two groups (log‑rank test, P=0.048; generalized Wilcoxon 
test, P=0.039).

Figure 1. Comparison of overall survival between Barcelona Clinic Liver 
Cancer (BCLC) stage B hepatocellular carcinoma patients who received 
transcatherter arterial chemoembolization (TACE) using miriplatin and 
transcatheter arterial infusion (TAI) with fine‑powder formulation of cispl-
atin (DDP‑H), and those who received TACE using epirubicin and TAI with 
DDP‑H. There was a significant difference between the two groups (log‑rank 
test, P=0.020; generalized Wilcoxon test, P=0.013).
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ablation therapy as radical local treatment for stage I̸II HCC, 
we reported that whole‑liver TAI using DDP‑H significantly 
inhibited intrahepatic recurrence (9). In addition, in patients 
with JIS 0‑1 stage HCC, survival was significantly prolonged in 
the group that received whole‑liver TAI with DDP‑H compared 
with the group that did not undergo infusion, and the results 
of the multivariate analyses demonstrated that performing 
whole‑liver TAI with DDP‑H was a factor contributing to 
improved survival (10). Kim et al conducted a retrospective study 
on the efficacy of arterial cisplatin infusion following TACE in 
advanced HCC with hepatic vein invasion, and reported that, in 
the group of patients who underwent arterial cisplatin infusion, 
survival was significantly prolonged without increased adverse 
events, compared with that in patients who did not undergo 
infusion (13). Subgroup analysis demonstrated that cisplatin 
significantly prolonged survival in patients without extrahepatic 
metastasis and in patients with a diffuse type of tumor. Based 
on these findings, arterial infusion of a platinum agent, such as 
DDP‑H, is considered to play an important role as an add‑on 
therapy to TACE in HCC. In the BCLC Guideline, TACE is 
recommended for BCLC intermediate stage B HCC (1,2).

However, there have been no studies on the efficacy of 
the chemoagents used when TACE is performed in addition 

to DDP‑H arterial infusion to date. In the present study, we 
evaluated which chemoagent would be more useful in TACE 
when used in addition to DDP‑H whole‑liver TAI.

Epirubicin has been the gold standard among TACE agents. 
The mechanism of action of epirubicin, similar to that of 
doxorubicin, is considered to involve DNA intercalation (14). 
Specifically, as a result of the insertion of epirubicin molecules 
between bases of DNA, the high‑order structure of the DNA 
is modified, which suppresses DNA polymerase, DNA ligase, 
topoiomerase I and II, DNA helicase and RNA polymerase 
activity, and inhibits DNA replication and RNA synthesis. A 
response rate of 15% has been reported with the use of hepatic 
arterial infusion therapy using epirubicin for unresectable 
HCC (15). However, when administered as an emulsion with 
lipiodol, a response rate of 42% has been reported, indicating 
that epirubicin is more useful when used in combination with 
lipiodol, rather than as a simple arterial infusion (16).

Miriplatin (cis‑[((1R,2R)‑1,2‑cyclohexanediamine‑N, 
N')bis(myristato)]‑platinum(II)monohydrate; Dainippon 
Sumitomo Pharma Co., Ltd., Osaka, Japan) is a novel lipophilic 
cisplatin derivative that may be suspended in lipiodol (17‑20). 
Miriplatin has been developed as a new drug for use in trans-
catheter arterial chemotherapy for HCC (21).

Table III. Multivariate analyses for survival.

Variables	 Categories	 HR	 95% CI	 P‑value

Child‑Pugh class	 B	 0.177	 0.059‑0.534	 0.002
	 A	 1
Up‑to‑seven criteria	 Beyond	 0.104	 0.018‑0.593	 0.011
	 Within	 1
Chemoagents	 Miriplatin	 4.103	 1.267‑13.289	 0.018
	 Epirubicin	 1

HR, hazard ratio; 95% CI, 95% confidence interval.

Table II. Univariate analyses for survival.

	 P‑value
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
			   Generalized
Variables	 Categories	 Log‑rank test	 Wilcoxon test

Gender	 Male/female	 0.902	 0.766
Age, years	 ≥70/<70	 0.169	 0.354
Child‑Pugh class	 A/B	 0.030	 0.014
AFP, ng/ml	 ≥400/<400	 0.373	 0.224
DCP, mAU/ml	 ≥400/<400	 0.893	 0.768
Up‑to‑seven criteria	 Beyond/within	 0.018	 0.076
Albumin, g/dl	 ≥3.5/<3.5	 0.217	 0.309
Total bilirubin, mg/dl	 <1.0/≥1.0	 0.140	 0.257
Platelet count, x104/mm3	 ≥10/<10	 0.417	 0.671
Chemoagents	 Epirubicin/miriplatin	 0.020	 0.013

AFP, α-fetoprotein; DCP, des‑γ‑carboxy prothrombin.
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Compared with conventionally used water‑soluble anti-
cancer agents, miriplatin has a high affinity for lipiodol, which 
is considered to lead to prolonged retention in the tumor and 
an increased sustained release effect. Due to its lipophilic 
nature, miriplatin has a high degree of affinity for lipiodol, 
and when suspended in lipiodol and administered by hepatic 
arterial infusion, it is characterized by retention at the tumor 
site where the platinum component is released.

The therapeutic efficacy of TACE is based on the sustained 
release of the anticancer agent in the tumor and an ischemic 
effect due to an embolic agent. Miriplatin has a high capacity 
for retention at the tumor site due to its high affinity for lipiodol 
and the fact that only a very small amount is lost in the general 
circulation. Furthermore, as only a small amount enters the 
general circulation, renal toxicity is expected to be low and the 
effectiveness of miriplatin is expected to be high.

However, Miyayama et al  reported that superselective 
TACE using miriplatin resulted in frequent local recurrence, 
despite less arterial damage compared with TACE using 
epirubicin and mitomycin C (22).  It has also been reported 
that the local control rate is higher with epirubicin compared 
with miriplatin (22). However, the short‑term effects of mirip-
latin and epirubicin are reported to be comparable (23). In 
the present study of BCLC‑B HCC, in terms of tumor factors, 
it was clear that up‑to‑seven criteria and hepatic reserve 
play a role in survival; in terms of tumor treatment factors, 
the combined use of DDP‑H and miriplatin contributed to 
improved survival. We hypothesized that a synergistic anti-
tumor effect of these platinum‑based agents has been elicited 
by combining the sustained release nature of miriplatin and 
the concentration‑dependent property of cisplatin. In a phase I 
clinical study in which TACE with miriplatin was used in 
combination with hepatic arterial infusion chemotherapy 
using cisplatin, investigations were conducted at a dose of 
65 mg/m2 of cisplatin in combination with ≤120 mg̸body of 
miriplatin, the maximum dose approved in Japan, and it was 
reported that, in terms of safety, this dose was tolerable (24). 
In the present study, there were no grade ≥4 adverse events, 
and no clinically important adverse events; given that there 
have been no reports of adverse events when miriplatin 
or cisplatin were used in combination with an embolizing 
agent, the adverse events in the present study were within the 
expected range.

The limitation of this study was the selection of chemoagent 
for TACE. There is a lack of high‑quality evidence on the selec-
tion of chemolipiodolization agent to date. As no significant 
differences in background characteristics were found between 
the epirubicin and miriplatin TACE groups, we consider our 
analyses to be useful. Although investigations in numerous 
patients in various stages of diseases are required in the future, 
it is believed that double‑platinum therapy with DDP‑H and 
miriplatin for BCLC‑B HCC may be a useful treatment strategy.
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