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Abstract
AIM: To investigate the poor prognosis of HCC with 
PVTT, we evaluated the efficacy by a new combination 
chemotherapy for advanced hepatocellular carcinoma 
(HCC) with portal vein tumor thrombus (PVTT).

METHODS: F rom 2002 to 2007, a to ta l o f 10 
consecutive patients with Stage IVA HCC accompanied 
by PVTT were studied prospectively to examine the 
efficacy of treatment by intra-arterial infusion of a 
chemotherapeutic agents consisting of etoposide, 
carboplatin, epirubicin and pharmacokinetic modulating 
chemotherapy by 5-FU and enteric-coated tegafur/uracil. 

RESULTS: The mean course of chemotherapy was 
14.4 (range, 9-21) mo. One patient showed complete 
response (CR) with disappearance of HCC and PVTT 
after treatment, and the two patients showed partial 
response (PR), response rate (CR + PR/All cases 30%). 
The median survival time after the therapy was 457.2 d. 
The one-year survival rate was 70%. Adverse reactions 
were tolerable. 

CONCLUSION: Although the prognosis of most patients 
with Stage IVA HCC by PVTT is poor, our combination 
chemotherapy may induces long-term survival and is an 
effective treatment and produced anti-tumor activity with 
tolerable adverse effects in patients for advanced Stage 
IVA HCC accompanied by PVTT.

© 2007 WJG. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of  the most 
common malignancies worldwide including Japan[1]. 
Although the development of  imaging modalities has 
made the early diagnosis of  HCC possible, surgically 
resectable cases are relatively uncommon because of  a 
hepatic function reserve and/or an advanced stage at 
presentation. Several modalities, such as percutaneous 
ethanol injection (PEI), transcatheter arterial embolization 
(TAE), chemolipiodolization, microwave coagulation 
therapy (MCT), and radiofrequency ablation therapy (RFA) 
are reportedly useful in treating patients with unresectable 
disease[2,3]. However, unfortunately, many hepatocellular 
carcinoma patients have tumor recurrence. Furthermore, 
HCC has a predilection for portal vein invasion, which has 
been shown to be a poor prognostic factor. An effective 
therapy regimen is needed for advanced HCC with portal 
vein tumor thrombus (PVTT). Recent trials have been 
reported that combination therapy of  intra-arterial 5-FU 
and systemic interferon for HCC with PVTT is effective[4,5]. 
However, portal venous invasion is a crucial factor that 
can worsen the prognosis of  patients with HCC. It often 
leads to extensive spreading of  the tumor throughout 
the liver, and can increase portal venous blood pressure, 
resulting in the fatal rupture of  esophageal varices, and can 
decrease portal flow which causes ascites, jaundice, hepatic 
encephalopathy, and liver failure. Previous studies have 
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reported that the median survival time of  patients with 
portal venous invasion was 2.7-4 mo if  left untreated[6,7].

As systemic therapy of  HCC, we had previously 
achieved complete remission of  multiple HCC associated 
with hepatitis C virus-related decompensated liver cirrhosis 
by oral administration of  enteric-coated tegafur/uracil[8]. 
Furthermore, we reported that oral administration of  
enteric-coated tegafur/uracil induces long-term survival 
and is an effective treatment for Stage Ⅳ-A HCC[9]. 
However, this therapy by single agent is not effective HCC 
with PVTT. Therefore, there is an urgent need for new 
method and active drugs for PVTT from HCC.

The aim of  this study is to evaluate the usefulness 
by intra-arterial infusion of  a chemotherapeutic agents 
consisting of  etoposide, carboplatin, epirubicin and 
pharmacokinetic modulating chemotherapy by 5-FU 
and enteric-coated tegafur/uracil for HCC with tumor 
thrombosis of  the main trunk of  the portal vein. 

MATERIALS AND METHODS
Ethics
The study protocol was reviewed and approved by the 
Hospital Ethics Committee. Informed consent was 
obtained from each patient who entered a randomized 
controlled trial and from family member(s).

Patients
A group of  10 consecutive patients with HCC accompanied 
by portal vein tumor thrombus (PVTT) were enrolled in 
the therapeutic trial between April 2002 and April 2007. 
The diagnosis of  HCC was made by histologically and/or 
imaging study. 

All patients received intra-arterial regional chemotherapy 
carried out at the Department of  Gastroenterology and 
Hepatology, Saiseikai Niigata Second Hospital and gave their 
informed consent according to our situational guidelines, 
and the study received ethical approval. 

Eligibility criteria for patients in this study included the 
following: (1) diagnosed Stage ⅣA HCC with PVTT (2) 
unresectable carefully assessed by the individual experts; (3) 
no recent active treatments including surgery, radiotherapy, 
chemotherapy, transarterial embolization, percutaneous 
ethanol injection, or other regional treatment within six 
month; (4) HCC with PVTT diagnosed by total image 
systems such as computed tomography (CT) or magnetic 
resonance imaging (MRI). (5) the ability to manage the 
indwelling catheters and implanted injection ports; (6) 
adequate hematologic function (white blood cell count > 
3000/L, platelet count > 80 000/L, and hemoglobin level 
> 9.5 gm/dL); adequate renal function (serum creatinine 
< 1.5 mg/dL and a creatinine clearance > 60 mL/min); (7) 
adequate hepatic function, (8) a performance status less 
than 3 at pre-treatment, (9) portal tumor thrombi located 
the first portal branch, or the main portal trunk, and (10) 
informed consent. 

Treatment schedule and follow up
For intra-arterial regional chemotherapy, catheters were 
introduced into the proper or common hepatic artery 

placed via the right femoral artery using the Seldinger 
method. The gastroduodenal artery and the right artery 
were occluded by a steel coil as indicated to prevent 
gastroduodenal injury from the anticancer agents. 
Intra-arterial regional chemotherapy was performed by 
puncturing a thin needle percutaneously into the port. 
Before every infusion, we confirmed that the catheters 
were patent, either by checking the blood back-flowing 
in the catheter or by injecting a contrast medium under 
fluoroscopy. Using an infusion pump (Syringe Pump, 
Terumo Co. Ltd., Osaka, Japan), 50 mg/body of  etoposide 
(VePesid, Bristol-Myers Squibb Co. Ltd., Tokyo, Japan), 
300 mg/body of  carboplatin (Paraplatin, Bristol-Myers 
Squibb Co. Ltd., Tokyo, Japan) and 60 mg/body of  
epirubicin (Farmorubicin, Kyowa Hakko Kogyo Co. Ltd., 
Tokyo, Japan) were infused from each catheter over a 
30-minute period. Subsequently, a continuous arterial 
infusion of  5-FU (500 mg/m2) (5-FU, Kyowa Hakko 
Kogyo Co. Ltd., Tokyo, Japan) was given for 24 h. 
Before the needle was removed from the port, both the 
port and connected catheter were filled with undiluted 
heparin (1000 U/mL). An antiemetic and an H2-receptor 
antagonist were given intravenously. This treatment was 
repeated once weekly for 3 consecutive weeks of  every 
4 wk or biweekly, mainly at our outpatient clinic, for as 
long as possible. All patients were given also enteric-
coated tegafur/uracil (Taiho Pharmaceutical, Co. Ltd., 
Tokyo, Japan) at a dose rate of  200 mg/body twice daily. 
Treatment was continued for a minimum of  8 wk and 
given until patient withdrawal or death even after the 
progression of  disease.

Studies dur ing fol low-up included a physica l 
examination, complete blood count, platelet count, and 
determination of  levels of  AFP, PIVKA-Ⅱ, amylase, liver 
transaminase, urea nitrogen, and creatinine. Either an 
ultrasonogram or a computed tomogram of  the abdomen 
was obtained at least every two months, to determine the 
size of  HCC and PVTT. 

Evaluation of therapeutic response
The therapeutic clinical response of  the liver was assessed 
in accordance with the World Health Organization 
Criteria. Clinical responses were graded as follows. 
Complete response (CR) was defined as disappearance of  
all measurable lesions in the liver, continuing for at least 4 
weeks when assessed by both computed tomography and 
ultrasonography. Reduction of  tumor size by more than 
50%, continuing for at least 4 wk, was regarded as partial 
response (PR). No change (NC) was determined as tumors 
showing a decrease in size of  less than 25%. Progressive 
disease (PD) was defined as tumors that had grown over 
25%.

Statistical analysis
Survival curves were calculated by the Kaplan-Meier 
method and the difference between survival curves was 
evaluated using the log-rank test.

Statistical analyses were performed using Stat 
View-J4.11 software (Abacus Concepts; Berkeley, 
California) to assess the relative prognostic importance 
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of  variables in predicting the survival rate. Differences at 
P < 0.05 were considered significant.

RESULTS
Background clinical and laboratory data of patients
Patients' profiles before the combination chemotherapy 
are listed in Table 1. Seven men and three women, with a 
median age of  60.2 years, were treated. Positive HBsAg 
was found in 70% of  patients, while anti-hepatitis C virus 
(HCV) serology was positive in 30% of  patients. 

Child-Pugh Grade A/B was 2/6, the remaining patients 
had Grade C. Only 2 patients received the full courses of  
chemotherapy. The median number of  cycles received per 
patients was 15.3. Dose reduction was required in 80% 
of  the patients, mainly due to profound bone marrow 
suppression from the previous cycle.

Cumulative survival rate of patients by Kaplan-Meier
survival curves
Of  the 10 patients in the treated group, a total of  3 
(30.0%) were classed as CR or PR, and a total 7 (70.0%) 
were classed as NC or PD. At the time of  the final analysis 
(April 2007) 2 patients (from the treatment group) were 
alive. A total of  153 treatment cycles were administered.

The overall survival curve for all 10 patients is shown 
in Figure 1. The median survival was 457.2 d. The survival 
rates at the end of  1-year and 2-year were 70.0% and 
20.0%, respectively. Of  the 10 patients studied, 8 had died 
by the time of  this analysis. The survival curves for clinical 
responders (CR or PR) and the others (NC or PD) are 
shown in Figure 2. The 6-mo and one-year survival rates 
were 100% and 100.0%, respectively, in the responders 

and 100% and 57.1%, respectively, in the non-responder. 
There was a significant difference in survival between the 
two groups (P < 0.01). 

However, there was not a significant difference in 
survival rates between Child-Pugh A/B group and Child-
Pugh C group (Figure 3).

Side effects and complications due to regional 
chemotherapy 
The side-effects and complications encountered during 
therapy are summarized in Table 2. Local complications at 
the femoral artery entry sites did not occur in any patient. 
No serious complications that necessitated intensive 
care were encountered during therapy. The side-effects 
included oral dryness, diarrhea and liver dysfunction, and 
bone marrow suppression. Mild oral dryness was noted 
at the beginning of  the treatment in 40.0% of  patients, 
but this subsided as treatment continued. Mild diarrhea 
was noted at the beginning of  the treatment in 30.0% of  
patients, but this also subsided with time. Such symptoms 
resolved spontaneously or after appropriate therapy. The 
complications experienced by patients treated with regional 
chemotherapy were well tolerated. No other serious 

Table 1  Characteristics of the patients

10 patients 
Age mean 60.20 y.o (range 35-70)
Sex: Male/Female 7/3
Child-Pugh's stage: A,B/C 8/2
"Virus: HBsAg/anti-HCV 8/2"

Figure 1  Cumulative survival of patients with hepatocellular carcinoma 
accompanied by PVTT who treated combination therapy.

Figure 3  Survival of patients with hepatocellular carcinoma accompanied by 
PVTT according to Child-Pugh's stage (Log-rank P = 0.98) .
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Figure 2  Survival of patients with hepatocellular carcinoma accompanied by 
PVTT according to the response and control (Log-rank P < 0.05) . CR: Complete 
response, PR; Partial response, NC; No change, PD; Progressive disease.
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complications, such as gastric ulcer, liver damage, renal 
damage, vascular complications, or cardiac toxicity were 
encountered. However, dose reduction was required in 
80% of  the patients, mainly due to profound bone marrow 
suppression from the previous cycle. There were no 
treatment-related deaths from administration of  regional 
chemotherapy.

DISCUSSION
Patients with HCC are highly compromised by failing liver 
function. HCC is associated with a high risk of  portal 
vein involvement. PVTT is one of  important prognostic 
factors in patients with HCC. However, HCC with PVTT 
is refractory to treatment. The treatment of  HCC with 
PVTT is still problematic and major challenge item for 
oncologists because of  its high and dismal outcomes. 
None of  the reported treatment regimens can be 
considered to be standard treatment for HCC with PVTT.

Meanwhile,  regional  hepat ic ar ter ia l  infusion 
chemotherapy is a reasonable drug delivery system for 
patients with advanced HCC because the tumors derive 
most of  their blood supply from the hepatic artery, 
whereas the portal vein supplies the normal parenchyma[10]. 
Furthermore, chemotherapy combined with interferon is 
reported to be effective for HCC with PVTT.

Combined treatment with 5-FU and alpha-interferon 
for HCC patients was first reported by Patt et al[11] in 
1993. The response rate was reportedly 22%. Urabe 
et al[12] treated 16 patients with HCC and PVTT in the 
main trunk or the major branches of  the portal vein by 
intrahepatic infusion of  methotrexate, 5-FU, and cisplatin, 
and administered alpha-interferon subcutaneously. The 
response rate and median survival time were 46.7% and 7 
mo, respectively.

Moreover,  combined intra-ar ter ia l  5-FU and 
subcutaneous alpha-interferon therapy for 8 patients 
with HCC accompanied by PVTT in the major portal 
vein was reported by Sakon et al[5]. The response rate was 
63%. In another study by this group in 2005, 55 patients 
received this treatment, and 8 (14.5%) showed a complete 
response, 16 (29.1%) showed a partial response, 4 (7.3%) 
showed no response, and 27 (49.1%) showed progressive 
disease[13]. The median survival time and 5-year survival 
rate were 11.8 mo and 16.4%, respectively. Using this 
combination protocol, Obi et al[4] treated 116 patients with 
unresectable HCC accompanied by PVTT in the main 

trunk or the 1st branches of  the portal vein. The survival 
rates at 1 and 2 years among overall patients were 34% 
and 18%, respectively, in contrast to 15% and 5% among 
the historical controls. Survival rates at 1 and 2 years were 
81% and 59% among complete responders, respectively, 
and 43% and 18% among partial responders. The median 
survival time was prolonged to 11 mo in patients with an 
active response, although there appears to be no benefit in 
patients without an active response.

However, it is chaotic to determine whether the 
combination chemotherapy with interferon is effective or 
not for HCC accompanied by PVTT. 

We previously reported[8,9] that administration of  
enteric-coated tegafur/uracil induces long-term survival 
and is an effective treatment for Stage Ⅳ-A HCC. 
However, single agent such as enteric-coated tegafur/uracil 
was not effective for HCC with PVTT. So, combination 
chemotherapy is needed for HCC with PVTT. 

The choice of  the anticancer agent is important in 
achieving favorable clinical results. We selected etoposide, 
carboplatin, epirubicin and pharmacokinetic modulating 
chemotherapy by 5-FU and enteric-coated tegafur/uracil. 

Firstly, etoposide is agent which has shown significant 
antitumor against HCC[14-16]. It could be suggested as 
part of  intensive multidrug regimens for HCC and high-
risk HBV[17-19]. Though response rates to cisplatin and 
etoposide[20] given systemically as single agents are 5 and 
15%, intra-arterial combination chemotherapy using 
cisplatin and etoposide produces a high rate of  objective 
tumor remissions in patients with HCC[21].

However, cisplatin has been reported that it has a 
lot of  nephrotoxic and emetic effects. To the contrary, 
carboplat in has demonstrated antitumor act ivity 
comparable to cisplatin and has been shown to have fewer 
nephrotoxic and emetic effects. In fact, carboplatin is 
thought to be a useful anticancer agent in patients with 
HCC treated with TACE. Furthermore, it is reported that 
carboplatin is effective for HCC[22-24].

So we selected carboplatin as combination with 
etoposide. In addition, a combination of  epirubicin and 
etoposide appears to be an active and tolerable therapeutic 
option for HCC patients who are not candidates for 
surgical or locoregional procedures[19,25-27].

Recen t l y,  Kusunok i  e t  a l [ 28 , 29 ]  r e po r t ed  tha t 
pharmacokinetic modulating chemotherapy, based on 
the concept that the benefit of  a continuous venous 
5-fluorouracil infusion can be potentiated by low-dose oral 
tegafur/uracil is useful for a variety of  cancers.

In fact, it is reported that modified pharmacokinetic 
modulating chemotherapy had no severe side effect and 
was effective for advanced unresectable HCC[30].

Based  on these  fac t s,  we  t r i ed  combinat ion 
chemotherapy for HCC with PVTT. In our series, the 
treatment resulted in an objective response rate of  30% 
and a median survival of  457.2 d. Only the three patients 
who had an objective response had a survival of  long 
duration.

As our group was small, we did not perform a statistical 
analysis to determine a predictive factor for response. 
However, our results are comparable with those of  most 
interferon combination chemotherapy. 

Table 2  Main clinical side effects observed during the treatment 
(n  represents the number of patients having experienced the 
effect in any of the courses)

                  Grade of toxicity
1 2 3 4

Oral dryness 3 1 0 0
Diarrhea 1 2 0 0
Vomiting 1 0 0 0
Liver dysfunction 1 2 0 0
Fever 0 0 0 0
Hair loss 1 0 0 0
BM suppression 4 4 0 0
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In our study, the toxicity of  this therapy was low 
despite the fact that all of  the patients had cirrhosis. It is 
noteworthy that there were no patients showing overt liver 
toxicity. Moreover, there was no treatment-related death.

In this study, no hepatotoxicity due to this combination 
chemotherapy was observed. The side effects of  this 
regimen were minimal and well tolerated.

In conclusion, this chemotherapeutic regimen 
ameliorated the survival of  patients with advanced HCC 
without serious adverse effects.

We suggest that, in the near future, this chemotherapy 
method should be subjected to a prospective randomized 
controlled study for HCC with PVTT. Further prospective 
randomized clinical trials of  chemotherapy for HCC with 
PVTT will be needed.

 COMMENTS
Background
Portal venous tumor thrombus (PVTT) is a crucial factor that can worsen the 
prognosis of patients with hepatocellular carcinoma (HCC). It often leads to 
extensive spreading of the tumor throughout the liver, and can increase portal 
venous blood pressure, resulting in the fatal rupture of esophageal varices, and 
can decrease portal flow which causes ascites, jaundice, hepatic encephalopathy, 
and liver failure. However, there is not effective useful therapy for HCC combined 
with PVTT. Therefore, there is an urgent need for new and active drugs and 
combination chemotherapy of advanced HCC. 

Research frontiers
HCC has a predilection for portal vein invasion, which has been shown to be a 
poor prognostic factor. An effective therapy regimen is needed for advanced HCC 
with PVTT. Combination chemotherapy is needed for HCC with PVTT urgently. The 
choice of the anticancer agent is important in achieving favorable clinical results. 
The authors selected etoposide, carboplatin, epirubicin and pharmacokinetic 
modulating chemotherapy by 5-FU and enteric-coated tegafur/uracil. Progress in 
implantable drug delivery systems has made possible the repeated arterial infusion 
of chemotherapeutic agents for patients with advanced HCC recently. Therefore, 
hepatic arterial infusion chemotherapy has been often selected as a therapeutic 
option for advanced HCC with PVTT.

Innovations and breakthroughs
The authors investigated the efficacy, the feasibility, usefulness, and complication 
rate of arterial combination therapies for HCC with PVTT.

Applications
Intra-arterial combination chemotherapy is useful and inducing long-term survival 
for advanced HCC accompanied by PVTT. Further prospective randomized clinical 
trials of chemotherapy for HCC with PVTT will be needed.

Terminology
PVTT: Portal vein tumor thrombus meaning tumor thrombus locating the first portal 
branch, or the main portal trunk.

Peer review
This is an interesting manuscript reporting the strategy for HCC with PVTT. This 
new information is certainly worthy of publication.
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