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Abstract
AIM: To examine the significance of branched-chain 
amino acid (BCAA) treatment before transcatheter arte-
rial chemoembolization (TACE) for hepatocellular carci-
noma (HCC).

METHODS: This study included 99 patients who un-
derwent TACE therapy for HCC at our hospital and 
were followed up without treatment for at least 6 mo 
between January 2004 and January 2010. They were 
divided into 2 groups: those receiving BCAA granules (n  
= 40) or regular diet (n  = 59, control). Data obtained 
were retrospectively analyzed (prior to TACE, and 1 wk, 
1, 3, and 6 mo after TACE) in terms of nutritional condi-
tion and clinical laboratory parameters (serum albumin 
level and Child-Pugh score), both of which are determi-
nants of hepatic functional reserve.

RESULTS: The BCAA group comprised 27 males and 
13 females with a mean age of 69.9 ± 8.8 years. The 
patients of the BCAA group were classified as follows: 
Child-Pugh A/B/C in 22/15/3 patients, and Stage Ⅱ/Ⅲ
/ⅣA HCC in 12/23/5 patients, respectively. The control 

group comprised 32 males and 27 females with a mean 
age of 73.2 ± 10.1 years. In the control group, 9 pa-
tients had chronic hepatitis, Child-Pugh A/B/C in 39/10/1 
patients, and StageⅠ/Ⅱ/Ⅲ/ⅣA HCC in 1/11/35/12 
patients, respectively. Overall, both serum albumin level 
and Child-Pugh score improved significantly in the BCAA 
group as compared with the control 3 and 6 mo after 
TACE (P  < 0.05). Further analysis was performed by the 
following categorization: (1) child-Pugh classification; (2) 
liver cirrhosis subgroup with a serum albumin level > 3.5 
g/dL; and (3) epirubicin dose. A similar trend indicating 
a significant improvement of all variables in the BCAA 
group was noted (P  < 0.05).

CONCLUSION: Treatment with BCAA granules in pa-
tients who have undergone TACE for HCC is considered 
useful to maintain their hepatic functional reserve.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common 
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carcinoma worldwide[1]. Treatment for HCC varies de-
pending on the disease stage and liver function, and 
includes radiofrequency ablation, percutaneous ethanol 
injection therapy, hepatic resection, liver transplantation, 
transcatheter arterial chemoembolization (TACE), and 
molecular target therapy[2-4].

TACE is a procedure whereby an embolizing agent is 
injected into the hepatic artery to deprive the tumor of  
its major nutrient source via embolization of  the nutri-
ent artery, resulting in ischemic necrosis of  the tumor. 
Hepatic arterial embolization, which had been used until 
early in the 1990s, is divided into two treatment methods: 
injection of  an embolizing agent after intra-arterial in-
jection of  an anticancer drug and intra-arterial injection 
of  a mixture of  an embolizing agent and an anticancer 
drug[5,6]. Subsequently, it was revealed that an oil contrast 
medium or iodized oil (Lipiodol) accumulates within the 
tumor after injection. This led to introduction of  TACE, 
in which an embolizing agent is injected after injection of  
a mixture of  Lipiodol and an anticancer drug (Lipiodol 
emulsion)[7,8]. Until the middle of  the 1990s TACE had 
been performed in a large majority of  patients with unre-
sectable HCC. With the subsequent introduction of  local 
treatment, however, TACE is now mainly indicated for 
treatment of  an HCC measuring 3 to 5 cm in diameter or 
treatment of  4 or more HCCs less than 3 cm in diameter 
that are both unresectable and not indicated for local 
treatment.

Takayasu et al[9] reported that independent prognostic 
factors in relation to survival in patients who underwent 
TACE include (1) degree of  hepatic damage; (2) tumor 
staging; and (3) serum a-fetoprotein level, and recom-
mended TACE, which can sufficiently maintain the 
volume ratio of  a chemoembolized tumorous liver to 
the entire tumor-free liver as well as of  residual hepatic 
functional reserve, while emphasizing the importance of  
maintenance of  hepatic functional reserve in these pa-
tients.

Branched-chain amino acids (BCAAs) are three amino 
acids possessing branched side chains (i.e., valine, leucine, 
and isoleucine). Patients with liver cirrhosis are known to 
have decreased plasma BCAA levels, which can lead to 
protein-energy malnutrition (PEM). PEM is associated 
with a high morbidity and mortality due to an increased 
risk of  life-threatening complications, resulting in poor 
survival and quality of  life (QoL)[10].

A considerable proportion of  patients with HCC have 
concurrent liver cirrhosis. In those patients with underly-
ing PEM, interventional therapy such as TACE may fur-
ther worsen their nutritional condition and even occasion-
ally cause development of  ascites and jaundice, resulting 
in an irreversible outcome[11].

Supplementation with BCAAs in patients with liver 
disorder has been attracting attention. BCAA treatment 
can correct malnutrition associated with liver cirrhosis 
in animals and humans[12-14], and long-term nutritional 
BCAA supplementation may also be useful for preven-
tion of  hepatic failure while it also improves surrogate 
markers in patients with advanced cirrhosis[15,16]. BCAA 

supplementation is also effective in down-regulating pro-
tein metabolism in liver cirrhosis patients by reducing am-
monia (NH3) level, thus improving the nitrogen balance 
and resulting in better clinical outcomes[17,18]. The mecha-
nism underlying these beneficial effects of  BCAAs might 
be mediated by stimulation of  hepatocyte growth factor 
activity that induces liver regeneration[19]. Therefore, nu-
tritional support may play an important role in manage-
ment of  liver cirrhosis in patients with unresectable HCC. 
Studies dealing with the effect of  treatment with BCAA 
granules before TACE in patients with HCC, neverthe-
less, are few as yet to our knowledge. This study was thus 
performed to investigate the significance of  BCAA treat-
ment in HCC patients who had undergone TACE.

MATERIALS AND METHODS
Patients
This retrospective study included 99 patients who under-
went TACE alone for treatment of  HCC at our hospital 
and were followed up thereafter without treatment for 
at least 6 mo between January 2004 and January 2010. 
Patients were divided into two groups: those receiving 
BCAA treatment (n = 40) or regular diet (n = 59, con-
trol). BCAA therapy had been started at least one month 
before the day TACE was performed, and treatment 
compliance was good in all patients receiving BCAAs.

Diagnosis of hepatocellular carcinoma
Dynamic computed tomography (CT) and abdominal 
echography were performed in all patients. A lesion vi-
sualized as a tumor blush in the early phase scan and as 
a defect area in the late phase scan on dynamic CT was 
diagnosed as HCC. It has been verified that such lesions 
appear as blushes on CT hepatic angiography and as de-
fect areas on CT arterial portography during TACE. Two 
radiologists proficient in diagnostic imaging of  the liver 
made a diagnosis of  HCC. No pathological examination 
was conducted.

Branched-chain amino acid granules
BCAA granules, containing 952 mg of  L-isoleucine, 1904 
mg of  L-leucine and 1144 mg of  L-valine per sachet, were 
orally administered to subjects at a dose of  one sachet 
three times daily after meals. The control patients re-
ceived no such treatment.

Transcatheter arterial chemoembolization procedure
Written informed consent was obtained from each pa-
tient prior to TACE. The protocol for TACE was ap-
proved by the independent ethics committee of  the hos-
pital. TACE for HCC was performed in conformity with 
Japanese guidelines for this therapy[20] and consisted of  
catheterization via the femoral artery with super-selective 
cannulation to the hepatic artery feeding the target HCC. 
Farmorubicin (epirubicin hydrochloride, Pfizer) emulsion 
was infused at 10 to 60 mg, and Lipiodol (iodine addition 
products of  ethyl esters of  fatty acids obtained from pop-
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py seed oil; Mitsui, Japan) was also injected at 2 to 10 mL  
according to the tumor size and tumor number. This 
was followed by embolization with gelatin (Spongel; Ya-
manouchi, Japan), which was injected slowly to prevent 
reflux into untreated segments. The sites of  injection of  
the embolizing agents were segmental or subsegmental in 
all patients.

Follow-up after transcatheter arterial chemoembolization
At 1 wk and 1, 3 and 6 mo after TACE, patients under-
went hematological and blood biochemical tests and were 
assessed for their hepatic functional reserve and develop-
ment of  any adverse events. Dynamic CT was carried out 
to assess for any ascites or recurrence of  HCC at 1, 3 and 
6 mo after TACE.

Statistical analysis
Student t test, χ 2 test and Fisher’s exact test were used to 
compare data between BCAA patients and the control. 
Serum albumin level and Child-Pugh score constituted 
parameters for assessment of  hepatic functional reserve. 
Absolute changes in serum albumin level observed at 1 
wk and 1, 3 and 6 mo after TACE were compared be-
tween the two groups and evaluated using Student t test, 

and the absolute change was defined as the difference 
found at each assessment time point from the baseline 
(pre-TACE level). Changes in Child-Pugh score were also 
evaluated similarly using Student t test at 1, 3 and 6 mo 
after TACE.

Data were analyzed using SPSS software, version 9.0 
(SPSS Inc., Chicago, IL, United States) for Microsoft Win-
dows. Data are expressed as mean ± SD. Values of  P < 0.05 
were considered to be statistically significant.

RESULTS
Patient demographic characteristics are summarized in 
Table 1. Significant differences were noted for the follow-
ing parameters: Child-Pugh score, serum albumin level, 
prothrombin time, and dose of  epirubicin at the time of  
TACE. A patient in the control group had stage Ⅰ HCC, 
for which percutaneous therapy is indicated, but TACE 
alone was performed because the patient refused percu-
taneous therapy.

Overall comparison of hepatic functional reserve 
between the branched-chain amino acid group and the 
control group over time
A significant difference in serum albumin level was ob-
served at all assessment time points (P < 0.05). Also, 
there was a significant difference in Child-Pugh score 3 
and 6 mo after TACE (P < 0.05) (Table 1, and Figure 1).

The categorized analysis results are presented below.

Comparison of hepatic functional reserve in Child A 
patients
There were 22 Child A patients in the BCAA group and 
39 in the control group. A significant difference was 
noted in serum albumin level 1, 3 and 6 mo after TACE 
and in Child-Pugh score 3 and 6 mo after TACE (P < 0.05) 
(Table 1, and Figure 2A).

Comparison of hepatic functional reserve in Child B patients
There were 15 Child B patients in the BCAA group and 
10 in the control group. A significant difference was 

Table 1  Baseline characteristics of study groups (mean ± SD)

BCAA group 
(n  = 40)

Control group 
(n  = 59)

P  value

Gender
Male 27 32 0.215
Female 13 27
Age (yr) 69.9 ± 8.8   73.2 ± 10.1 0.092
Etiology of liver disease
Chronic hepatitis C 28 43 0.287
Chronic hepatitis B   2   8
Non B non C 10 10
Child-Pugh classification
Chronic hepatitis   0   9 0.006
Child-Pugh A 22 39
Child-Pugh B 15 10
Child-Pugh C   3   1
WBC (× 103/μL)   38.2 ± 10.8   44.7 ± 16.0 0.082
Hb (g/dL) 11.9 ± 1.8 12.5 ± 1.7 0.091
Platelet (×104/mm3) 10.2 ± 9.4 11.4 ± 4.9 0.431
Alb (g/dL)   3.32 ± 0.50   3.74 ± 0.51 < 0.001 
T-Bil (mg/dL)   1.28 ± 0.81   1.05 ± 0.63 0.123
PT (%)   77.5 ± 14.1   85.9 ± 17.3 0.012
AST (IU/L)   65.8 ± 39.6   73.8 ± 56.4 0.445
ALT (IU/L)   48.0 ± 38.8   54.2 ± 39.0 0.438
AFP (ng/mL)     626.1 ± 2009.8   1109.2 ± 2652.5 0.331
PIVKAII (mAU/mL)   1471.7 ± 5033.5   3421.5 ± 8211.2 0.183
HCC Stage
StageⅠ 0   1 0.412
Stage Ⅱ 12 11
Stage Ⅲ 23 35
Stage Ⅳa 5 12
Max tumor size (cm) 3.34 ± 1.67   3.59 ± 1.47 0.422
Epirubicin dose (mg) 34.8 ± 10.4 39.5 ± 9.2 0.024

WBC: White blood cell; Hb: Hemoglobin; Alb: Albumin; T-Bil: Total bili-
rubin; PT: Prothrombin time; AST: Aspartate aminotransferase; ALT: Ala-
nine aminotransferase; AFP: Alpha-fetoprotein; PIVKAⅡ: Protein induced 
vitamin K absence or antagonist Ⅱ; HCC: Hepatocellular carcinoma; 
BCAA: Branched-chain amino acids.

Figure 1  Overall comparison of changes in Child-Pugh score between the 
branched-chain amino acids group and the control group over time. There 
was a significant difference in changes in Child-Pugh score 3 and 6 mo after 
transcatheter arterial chemoembolization. aP < 0.05 vs control group. BCAA: 
Branched-chain amino acid.
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noted in serum albumin level 3 and 6 mo after TACE and 
in Child-Pugh score 1, 3 and 6 mo after TACE (P < 0.05) 
(Table 1 and Figure 2B).

Comparison in patients with a serum albumin level of 
3.5 g/dL or more
There were 13 and 34 patients who fell in this category 
in the BCAA group and the control group, respectively. 
A significant difference was observed in both serum albu-
min level and Child-Pugh score 3 and 6 mo after TACE (P 
< 0.05) (Table 1, and Figure 2C).

As it is thought that antineoplastic agents used during 
TACE may cause hepatic impairment in a dose-depen-
dent fashion, the data were further evaluated in patients 
classified into two subgroups: those treated with low-
dose epirubicin (less than 40 mg) or a high-dose epirubi-

cin (40 mg or more).

Comparison in low-dose epirubicin subgroups
Sixteen patients each received low-dose epirubicin in the 
BCAA group and the control group. Serum albumin lev-
el was significantly different 1, 3 and 6 mo after TACE 
and Child-Pugh score 3 and 6 mo after TACE (P < 0.05) 
(Table 1 and Figure 2D).

Comparison in high-dose epirubicin subgroups
Twenty-four and 43 patients received high-dose epiru-
bicin in the BCAA group and the control group, respec-
tively. A significant difference was noted in serum albu-
min level at all assessment time points and in Child-Pugh 
score 3 and 6 mo after TACE (P < 0.05) (Table 1 and 
Figure 2E).

Figure 2  Comparison of changes in Child-Pugh score in Child A and Child B patients: patients with a serum albumin level of 3.5 g/dL or more, low-dose 
epirubicin subgroups, high-dose epirubicin subgroups. A: A significant difference was noted in changes in Child-Pugh score 3 and 6 mo after transcatheter arte-
rial chemoembolization; B: A significant difference was noted in changes in Child-Pugh score 1, 3 and 6 mo after transcatheter arterial chemoembolization; C: A signifi-
cant difference was observed in changes in Child-Pugh score 3 and 6 mo after TACE; D: A significant difference was noted in changes in Child-Pugh score 3 and 6 mo 
after TACE; E: A significant difference was noted in changes in Child-Pugh score 3 and 6 mo after TACE. BCAA: Branched-chain amino acids; TACE: Transcatheter 
arterial chemoembolization. aP < 0.05 vs control group.
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DISCUSSION
PEM occurs frequently in patients with liver cirrhosis and 
represents an important predictive factor for the prog-
nosis of  liver cirrhosis patients with HCC [18,21]. Supple-
mentation with BCAA formula is reportedly useful for 
improving PEM and QoL in these patients. However, 
few studies have assessed the importance of  such nutri-
tional intervention in patients with HCC who underwent 
nonsurgical therapies such as TACE. The purpose of  the 
present study was to investigate to what extent BCAA 
treatment can contribute to maintaining hepatic func-
tional reserve in HCC patients after TACE.

A significant difference was observed in the overall 
patient population in terms of  change in serum albumin 
level at all assessment time points. As seen in Table 1, 
hepatic functional reserve was relatively well maintained 
in the control group; therefore, anticancer chemotherapy 
was given at relatively high doses (60% of  patients treat-
ed with BCAA received epirubicin at 40 mg or more 
whereas the corresponding percentage for the control 
group was 72.9%). Patients receiving high-dose antican-
cer chemotherapy are often unable to sufficiently ingest 
food over several weeks after TACE. This may account 
for lower serum albumin levels observed in the control 
group compared with the BCAA group. Other possible 
causes of  decreased serum albumin levels after TACE in-
clude (1) impaired ability of  the liver to synthesize serum 
albumin due to decreased hepatocyte count; (2) inhibition 
of  the synthesis of  albumin by inflammatory cytokines; 
and (3) leakage of  albumin due to inflammation of  the 
cauterized areas[22,23].

The assessments in Child-Pugh A patients revealed 
a significant difference in serum albumin level 1, 3 and 
6 mo after TACE and in Child-Pugh score 3 and 6 mo 
after TACE. TACE is best indicated for Child-Pugh A 
HCC. In patients undergoing TACE, caution should be 
exercised to minimize depression of  hepatic functional 
reserve in preparation for the next treatment session. The 
above results thus suggest the usefulness of  BCAA treat-
ment in this regard.

The assessments in the Child-Pugh B subgroup show-
ed a significant difference in Child-Pugh score 1, 3 and 
6 mo after TACE. Once hepatic functional reserve has 
worsened from Child-Pugh B to Child-Pugh C following 
TACE, the next TACE cannot be performed according 
to the Barcelona Clinic Liver Cancer guidelines[24]. There-
fore, particular caution should be exercised in maintain-
ing hepatic functional reserve at the time of  TACE in 
patients with Child-Pugh B HCC, indicating the indis-
pensability of  BCAA therapy.

In Japan, BCAA granules are indicated for the treat-
ment of  liver cirrhosis in patients with a serum albumin 
level of  3.5 g/dL or less. However, conversely, the pres-
ent study demonstrated similar results between patients 
with a serum albumin level of  more than 3.5 g/dL and 
those in other categories of  serum albumin level. There-
fore, treatment with BCAA proved to improve hepatic 
functional reserve even in cirrhotic patients with HCC 

whose serum albumin level exceeds 3.5 g/dL. It is thus 
recommended to actively provide BCAA treatment in 
such patients.

There was a conspicuous difference between the BCAA 
and control groups in respect of  response to BCAA the-
rapy when assessed in patients receiving high-dose epi-
rubicin compared to those treated with low-dose epiru-
bicin. TACE may cause a marked damage to the liver in 
HCC patients, eventually leading to a considerable impact 
on their hepatic functional reserve[9]. BCAA treatment is 
thus recommended at sufficient doses prior to TACE in 
patients with advanced HCC in whom high-dose antican-
cer chemotherapy is anticipated.

TACE is often repeated because a single session of  
therapy seldom provides complete necrosis of  a tumor. 
The procedure is commonly repeated once every 2 to 
3 mo[25-27]. In the present study, however, many patients 
failed to attain recovery of  hepatic functional reserve to a 
pre-TACE level, particularly in the control group, within 
2 to 3 mo of  TACE. It is thus estimated that every re-
peated session of  TACE may worsen hepatic functional 
reserve and thereby shorten the prognosis for survival. 
Treatment with BCAA would therefore be essential in 
order to allow for providing TACE periodically while se-
curely maintaining hepatic functional reserve.

One of  the findings commonly noted in regard to all 
the variables assessed in this study is that a significantly 
greater improvement was noted in both serum albumin 
level and Child-Pugh score for the BCAA group 6 mo 
after TACE in comparison to the control group. What is 
suggested by this fact is simply the usefulness of  long-
term BCAA treatment prior to TACE. It is also impor-
tant that patients should be fully instructed on the use of  
BCAA granules to maintain their treatment compliance.

The present study has several limitations. Firstly, it is a 
retrospective study. Furthermore, there was a bias in pa-
tient demographic characteristics between the BCAA and 
control groups since BCAA is usually used for patients 
showing low serum albumin levels. Therefore, pertinent 
data were evaluated for improvement or exacerbation us-
ing absolute serum albumin change as a parameter. The 
present study did not include assessment for the progno-
sis for survival, which should be addressed by a prospec-
tive study using comparable demographic characteristics 
among patients.

In conclusion, treatment with BCAAs before TACE 
in HCC patients is extremely useful in maintaining their 
hepatic functional reserve.
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Studies dealing with the effect of treatment with BCAA granules before trans-
catheter arterial chemoembolization (TACE) in patients with HCC are few as 
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yet. In this study, the authors analyzed the effect of BCAA treatment before 
TACE for HCC patients.
Innovations and breakthroughs
Recent studies imply that by BCAA supplementation, malnutrition associated 
with liver cirrhosis is corrected and liver function improves. The present study 
shows that in HCC patients who underwent TACE, liver function was main-
tained by BCAA supplementation.
Applications
This study emphasizes the importance of BCAA treatment before TACE for 
HCC patients with regard to maintaining liver function. 
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BCAA treatment before TACE for HCC patients. The results are interesting and 
suggest the usefulness of BCAA treatment before TACE in HCC patients in 
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