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Abstract

The effect of malnutrition on survival in patients with
decompensated liver cirrhosis has not been well de-
fined. Nutritional intervention with branched-chain
amino acid (BCAA) can increase serum albumin con-
centration in patients with decompensated cirrhosis but
its effects on survival are unclear. The BCAA to tyrosine
ratio (BTR) is a surrogate marker (the normal range of
BTR is between 4.41 and 10.05, and a Fischer’s ratio of
1.8 corresponds to a BTR of 3.5) in patients with de-
compensated liver cirrhosis, and BCAA inhibits hepatic
carcinogenesis in patients with compensated cirrhosis.
This review discusses data regarding the effect of early
administration of BCAA granules based on the ratio of
BCAA to BTR on prognosis in patients with cirrhosis.
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INTRODUCTION

The liver plays a key role in nutrient metabolism, and
patients with cirthosis may develop various metabolism
and nutrition disorders. In fact, many cirrhosis patients
suffer from protein-energy malnutrition (PEM)m, which
is particularly pronounced in the decompensated stage.
Correction of PEM can improve prognosis in patients
with decompensated cirrhosis”. Patients with cirrhosis
and decreased plasma branched-chain amino acid (BCAA)
levels can develop PEM with increased catabolism".
PEM is associated with a high morbidity and mortal-
ity due to an increased risk of life-threatening complica-

tions, resulting in poor survival and poor quality of life

Qo)™

SIGNIFICANCE OF BCAA
SUPPLEMENTATION

BCAAs are a group of essential amino acids, including
valine, leucine, and isoleucine. A low plasma level ratio

of BCAAs to aromatic amino acids suggests the pres-
ence of liver cirrhosis, and BCAA supplementation was
originally developed in order to normalize the patient’s
amino acid profile and nutritional status'”.

This article summarizes the findings of previous
studies to determine whether nutritional intervention
with a granulated BCAA preparation can contribute to
improved prognosis of patients with PEM and cirrhosis.
In Japan, oral BCAA preparations are used in nutritional
therapy to correct protein and amino acid abnormalities
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in patients with cirrhosis. Moreover, enteral nutrition
guidelines published by the European Society for Clini-
cal Nutrition and Metabolism list BCAA supplementa-
tion as a grade B recommendation in the treatment of
advanced cirrhosis'”.

BCAA supplementation effectively increases Fischer’s
ratio and improves hypoalbuminemia in patients with
liver cirrhosis™. In addition, not only does BCAA serve
as components of albumin, the activation by L-leucine
of mammalian target of rapamycin in hepatocytes and
the subsequent activation of albumin mRNA transcrip-
tion and protein synthesis in ribosomes are thought to
constitute the mechanism for albumin increase™'". This
increase in albumin has been verified in vatrious clinical
trials to be effective for improving hypoalbuminemia[s’m.

Oral BCAA preparations come in two dosage forms:
enteral nutrition formulas (or elemental diet products)
for liver failure and oral BCAA granules. In 1996, an
oral BCAA granule product containing valine, leucine,
and isoleucine (Val, Leu, Ile) in a composition ratio of
1:2:1.2 was marketed in Japan (Livact®, Ajinomoto Phar-
maceuticals, Tokyo, Japan). This product is indicated for
decompensated cirrhosis patients who have hypoalbu-
minemia despite adequate dietary intake.

IMPROVEMENT OF PROGNOSIS AND
INHIBITION OF HEPATOCAR-CINOGENESIS

An Italian research group reported a multicenter ran-
domized trial in which a total of 174 patients with ad-
vanced liver cirrhosis were given BCAA as a supplement
for 1 year and its effects were compared with adminis-
tration of lactalbumin or maltodextrin!™. Long-term use
of a BCAA granule preparation has been reported to
increase serum albumin and to inhibit the incidence of
events related to poor prognosis[s’lzl.

Morteover, Marchesini ef a/'” analyzed whether oral
BCAA might prevent progressive liver failure and im-
prove nutritional parameters and quality of life.

They conclude that long-term nutritional supplemen-
tation with oral BCAA is useful to prevent progressive
hepatic failure and to improve health status ,and recom-
mend that new formulas are needed to increase compli-
ance. An oral BCAA granule (Livact®, Ajinomoto Phar-
maceuticals, Tokyo, Japan) is the form of small uniform
granules, which reduces BCAA-induced stimulation of
taste buds and contributes to improve compliance.

Kobayashi ¢# /' conducted a study of patients
with compensated cirrhosis caused by hepatitis C. Af-
ter a mean follow-up of 3.2 years, the authors reported
that the incidence of hepatocellular carcinoma (HCC)
among men with a baseline serum albumin level of 3.6
to 4.0 g/dL tended to be lower in the BCAA granule
treatment group than in the control group. A large-
scale postmarketing clinical study conducted at 89 sites
in Japan to determine the effects of BCAA granules on
the prognosis of cirrhosis patients [Long-term Survival
Study (LOTUS)| demonstrated that the onset of com-
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plications associated with poor prognosis (i.c., liver fail-
ure, ruptured esophageal varices, HCC, and death) was
significantly lower among patients in the BCAA granule
treatment group than in the dietary therapy group (hazard
ratio: 0.67; 95% CI: 0.49-0.93)". Furthermore, stratified
analysis of the LOTUS study for groups at high risk for
HCC, specifically, patients with a body mass index = 25
kg/m? or elevated alpha-fetoprotein, showed that BCAA
granules had an inhibitory effect on the incidence of
HCC". Meanwhile, a study by Tsuchiya ¢z /" on radi-
cal therapy for HCC patients reported that long-term
treatment with BCAA granules reduced the rate of the
third and subsequent relapses of HCC and improved the
cumulative rate of survival in patients with baseline se-
rum albumin < 3.5 g/dL. Sato ez 2" undertook a com-
parative study of dietary control protocols and found
that a BCAA granule product and an enteral nutrient for
liver failure (or an elemental diet product) had similar ef-
fects in terms of improving or maintaining serum albu-
min and preventing the onset of hepatic encephalopathy.
The authors reported that, despite control of the total
dietary energy intake, an increase in glycosylated hemo-
globin and other markers of abnormal glucose tolerance
occurred in the enteral nutrient group, whereas these
unfavorable changes were not observed in the BCAA
granule treatment group' .

Moreover, Hayaishi e# al'” reported that Oral BCAA
supplementation is associated with reduced incidence of
HCC in patients with cirrhosis.

Based on these findings, a BCAA granule preparation
(Livact”™) has been now recommended in the guidelines
for the treatment of liver cirthosis by the Study Group
for the Standardization of Treatment of Viral Hepati-
tis Including from the Ministry of Health, Labour and
Welfare in Japan in order to increase serum albumin in
cirrhosis patients with the aim of reducing the onset of
cancer'"” (Table 1).

IMPORTANCE OF CONTINUED
ADMINISTRATION

On the other hand, because some patients do not exhibit
any increase in serum albumin after taking BCAA gran-
ules, further research has been conducted on the dietary
intake and baseline characteristics of these patients. Yat-
suhashi e# a/" reported that the anti-hypoalbuminemic
effect of BCAA granules was not influenced by dietary
intake and that continued use of BCAA significantly
reduced the incidence of ascites and edema even in pa-
tients whose serum albumin did not respond to BCAA
granule treatment.

One possible explanation for the significant decline
in ascites and edema in the unchanged serum albumin
group could be that the BCAA granules improved albu-
min quality. The sulfhydryl group of the cysteine 34 resi-
due in human serum albumin can exist in a reduced state
(reduced albumin) or oxidized state (oxidized albumin).
In patients with chronic liver disease, however, the pro-
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Authors No. of cases Study time Outcome

Muto et al® 646 2yr  Improving event-free
survival, serum albumin
concentration, and QoL

Kobayashi et al™ 40 168 wk  Inhibiting hepatic carcino-
genesis

Muto et al™ 646 2yr  Reducing the risk for liver
cancer

Fukushima et al®™" 7 8wk Improving the oxidized/

reduced state of serum
albumin

QoL: Quality of life .

portion of oxidized albumin increases as the condition
progressesm; this is associated with body fluid retention,
such as ascites and edema. Furthermore, BCAA granules
reduce the ratio of oxidized albumin in decompensated
cirrhosis patientsm. These findings suggest that the use
of BCAA granules is important in maintaining serum al-
bumin and that its continued use can improve the prog-
nosis of patients with decompensated cirrhosis™ >,

BCAA TO TYROSINE RATIO VALUE, AN
IMPORTANT INDICATOR IN EARLY
ADMINISTRATION OF BCAA GRANULES

However, the therapeutic effects of BCAA granules can
take longer to appear in patients with advanced decom-
pensated cirrhosis, making it important to determine
the optimal timing for administration. After examining
the biochemical test results of decompensated cirrhosis
patients, Kato ez al*” identified the following four char-
acteristics of uncompensated cirrhosis, and thus, the
proper time to begin administration of BCAA granule
preparations: (1) serum albumin < 3.5 g/dL; (2) BCAA
to tyrosine ratio (BTR) << 3.5; (3) prothrombin activity
< 60%; and (4) platelet count of < 100 000/mm?. This
in turn led to the search for markers of cirrhosis in or-
der help facilitate determination of the optimal timing to
initiate treatment with BCAA granules.

Cirrhosis patients exhibit shifts in their plasma free
amino acid concentration, marked declines in BCAA (Val,
Leu, Ile), and increases in aromatic amino acids (AAA;
tyrosine, phenylalanine) and methionine, whereas their
Fischet’s ratio (ratio of molar concentrations of BCAA:
AAA) or BTR declines in conjunction with disease
severity. Fischet’s ratio has long been used to analyze
plasma free amino acids”” but the BTR is a simpler
method. Azuma ef al™ reported that the BTR based on
an enzymatic method serves as an alternative to Fischet’s
ratio and is a potential indicator of liver disorders as well
as subsequent chronic liver disease progression.

In the event of malnutrition, the BTR also declines
before the serum albumin declines; therefore, determin-
ing the BTR is useful for the early detection of potential
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hypoalbuminemia. In other words, calculating the BTR
enables the prediction of serum albumin level changesml
and therefore allows determination of the appropriate
time to administer BCAA granules. Given this time lag
between decreases in serum albumin and BTR, monitot-
ing of BTR needs to be done separately from that of
albumin when considering prognostic factors for decom-
pensated cirrhosis. The benefits of administering an oral
BCAA preparation in patients with decreased BTR have
already been reported in a large-scale clinical study'™.
This also implies that the BTR has considerable poten-
tial as a prognostic factor of HCC in decompensated
cirrhosis patients. In fact, many reports performed the
usefulness of BCAA for the treatment of hepatocellular
carcinoma”™ ™. So, BTR may be useful as an indicator
of prognosis in patients with HCC™, Early administra-
tion of BCAA granules based on the ratio of BCAA to
tyrosine can improve the prognosis of decompensated
cirrhosis.

In conclusion, BCAA supplementation for liver dis-
orders may be expected not only to increase serum albu-
min, but also to exert other effects, such as prolongation
of survival among liver cirrhosis patients, prevention of
liver cancer, and enhancement of Qol.. However, in cas-
es of severe decompensated liver cirrhosis, determina-
tion of the timing of administration is also an important
issue because BCAA granules take time to take effect.
The decrease in BTR precedes reductions in serum al-
bumin. While early therapeutic intervention with BCAA
granules can help improve the prognosis of patients with
decompensated cirrhosis and low BTR, more research
and analysis are needed to fully explore the novel effects
of BCAA granule preparations.
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