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Abstract
Background/Aim: Low branched- chain amino acid (BCAA) to tyrosine ratio (BTR) 
is known as an indicator of amino acid imbalance. We elucidated usefulness of newly 
developed albumin– bilirubin (ALBI) score as alternative methods of BTR in patients 
with naïve hepatocellular carcinoma (HCC) retrospectively.
Materials/Methods: In 842 patients with HCC and without BCAA supplementation 
(71 years, male 614, Child- Pugh A:B:C = 689:116:37), relationships among BTR 
and clinical features were evaluated. Of those, 438 patients, with Milan criteria HCC, 
treated curatively were divided into the high- BTR (>4.4) (n = 293) and low- BTR 
(≤4.4) (n = 145) groups. The prognostic value of BTR was evaluated using inverse 
probability weighting (IPW) with propensity score.
Results: The low- BTR group showed worse prognosis than the other (3- , 5- , 10- year 
overall survival rates: 88.9% vs. 86.3%/70.5% vs. 78.1%/38.1% vs. 52.3%, respec-
tively; p < 0.001). Multivariate Cox- hazard analysis adjusted for IPW showed elderly 
(≥65 years) HR 2.314, p = 0.001), female gender (HR 0.422, p < 0.001), ECOG PS 
≥2 (HR 3.032, p = 0.002), low platelet count (HR 1.757, p = 0.010), and low BTR 
(≤4.4) (HR 1.852, p = 0.005) to be significant prognostic factors. Both serum albumin 
level (r = 0.370, p < 0.001) and ALBI score (r = −0.389, p < 0.001) showed a signifi-
cant relationship with BTR. Child- Pugh class B, modified ALBI grade (mALBI) 2a, 
and mALBI 2b predictive values for BTR were 3.589, 4.509, and 4.155 (AUC range: 
0.735– 0.770), respectively, while the predictive value of ALBI score for low- BTR 
(≤4.4) was −2.588 (AUC 0.790).
Conclusion: ALBI score −2.588 was a predictor for low- BTR (≤4.4), which was 
prognostic factors for early HCC patients, and at least patients with mALBI 2b might 
have an amino acid imbalance.
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1 |  INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common pri-
mary malignancy of the liver and fifth most common ma-
lignancy worldwide.1 HCC often occurs in patients with 
chronic liver disease (CLD). The liver is a central organ 
that controls metabolic nutrition. It is well known that the 
prognosis of HCC is dependent not only on tumor burden 
but also hepatic function,2,3 as nutritional status gener-
ally becomes worse with the progression of liver damage. 
Notably, decompensated liver cirrhosis (LC) often compli-
cates protein- energy malnutrition (PEM).4 Fischer's ratio 
has been used for evaluation of plasma free- amino acid.1 
A reduced branched- chain amino acid (BCAA) level is 
observed during the progression of CLD.5 Additionally, 
BCAA to tyrosine ratio (BTR) is used as an alternative to 
Fischer's ratio based on a report by Azuma et al.,6 which 
noted BCAA decrease, tyrosine increase, and BTR decline 
in serum in parallel with the severity of hepatic parenchy-
mal damage. Moreover, the progression of PEM is thought 
to already exist in patients in early stages of LC.

Suzuki et al. investigated the relationship between yearly 
change in serum levels of albumin and BTR.7 Based on re-
sults of a prospective LOTUS trial, in which a long period 
of oral BCAA granule supplementation improved event- free 
survival, serum albumin level, and quality of life (QOL) in 
decompensated LC patients with an adequate daily food in-
take,8 it is considered that an adequate nutritional intervention 
should be considered before progression to established PEM. 
Therefore, establishment of a clinical cut- off value that can 
be used as a predictor of early stage of PEM establishment 
and an easy usable alternative method for predicting PEM in 
clinical practice are necessary as an indicator of nutritional 
intervention to improve the prognosis of CLD patients. The 
present study was conducted to elucidate usefulness of newly 
developed albumin– bilirubin (ALBI) score as alternative 
methods of BTR for predicting amino acid imbalance that 
affects prognosis in naïve hepatocellular carcinoma (HCC) 
patients.

2 |  MATERIALS AND METHODS

From February 2008 to December 2020, 1270 patients were 
diagnosed with naïve HCC at our hospital. Their records in 
an institutional database were analyzed in a retrospective 
manner.

For Analysis 1, the relationships among BTR and clinical 
features were investigated. After excluding 310 patients with-
out data for BTR and 118 who were receiving BCAA supple-
mentation at the time of diagnosis of HCC, 842 were enrolled 
(Figure 1). In Analysis 2, the prognostic value of BTR for 
survival was evaluated. After excluding 404 patients treated 
with a non- curative method, liver transplantation, or best sup-
portive treatment, the prognostic impact of decreasing BTR 
level was evaluated in 438 patients within the Milan criteria 
(1 tumor ≤5 cm, or ≤3 tumors with each tumor ≤3 cm)9 and 
given curative treatment (Figure 1). Those 438 subjects were 
divided into the high- BTR (>4.4) (n = 293) and low- BTR 
(≤4.4) (n = 145) groups.

2.1 | Basal liver disease

HCC was judged due to hepatitis C virus (HCV) in patients 
positive for anti- HCV, while HCC due to hepatitis B virus 
(HBV) was judged in those positive for the hepatitis B virus 
surface antigen.

2.2 | Liver function assessment and BTR 
determination

For assessment of hepatic reserve function, Child- Pugh clas-
sification10 and the HCC treatment algorithm of the Japanese 
Society of Hepatology11 were used. To perform analyses of 
relationship with BTR and detailed hepatic reserve function, 
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F I G U R E  1  Flowchart of subject enrollment
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ALBI score3,12 and modified ALBI grade (mALBI), with 
ALBI grade 2 divided into two subgrades (2a and 2b) using an 
ALBI score of −2.27 as the cut- off value,13 were employed. 
BCAA, tyrosine, and BTR were measured at time of diagnosis 
of HCC within 1  month before treatment using a Diacolor- 
BTR® kit (before March 2019) and Diacolor- Liquid BTR® 
(from April 2019) (TOYOBO CO., LTD., Osaka, Japan), with 
the lower value of normal BTR range (4.41– 10.05)14,15 used as 
the cut- off for decreasing BTR. The cut- off value for low- BTR 
(≤4.4) was defined based on the results of a previous report.16

2.3 | HCC diagnosis and treatment

HCC was diagnosed based on findings showing an increasing 
course of alpha- fetoprotein (AFP), as well as results obtained 
with dynamic CT17 or MRI,18,19 contrast enhanced ultrasonog-
raphy with perflubutane (Sonazoid®, Daiichi Sankyo Co., 
Ltd.),20,21 and/or pathological results. For evaluation of tumor 
progression, tumor node metastasis (TNM) staging, determined 
based on a previous study of TNM staging for HCC conducted 
by the Liver Cancer Study Group of Japan (LCSGJ), 6th edition22 
(TNM- LCSGJ), was utilized. Surgical resection and radiofre-
quency ablation (RFA) were each defined as curative treatment.

To analyze the prognostic impact of BTR for overall sur-
vival (OS) in Analysis 2, eight clinical factors [gender, age, 
AFP, Child- Pugh class, basal hepatic disease etiology, curative 
treatment method, Eastern Cooperative Oncology Group per-
formance status (ECOG PS), up to 7 criteria score (sum of max-
imum tumor size and tumor number)] were used for calculating 
inverse probability weighting (IPW) and propensity score.23

This study was based on the Guidelines for Clinical 
Research issued by the Ministry of Health and Welfare of 
Japan and all procedures were performed in accordance with 
the declaration of Helsinki. Informed consent was obtained in 
the form of opt- out. Those who rejected were excluded from 
this study.

2.4 | Statistical analysis, propensity score 
calculation, inverse probability weighting

Mean values (standard deviation) are used to express con-
tinuous variables. For statistical analyses, Welch's t- test, 
Student's t- test, Fischer's exact test, Mann- Whitney's U- test, 
receiver operator characteristic curve (ROC) analysis, and 
area under the curve (AUC) were used, with Bonferroni's and 
Holm's tests employed for multiple comparisons as appropri-
ate. Evaluations of prognosis were done using Cox hazard 
analysis (stepwise regression method), the Kaplan– Meier 
method, and a log- rank test.

For calculating the high-  and low- BTR group probabil-
ities (propensity), logistic regression analysis with a set of 

covariates considered likely to have effects on OS was con-
ducted. IPW was defined as 1/(propensity score) for the 
high- BTR group and 1/(1- propensity score) for the low- BTR 
group. The hazard ratio (HR) for OS was determined using 
IPW- adjusted Cox hazard analysis.24,25

P values less than 0.05 were considered to indicate sta-
tistical significance. Easy R (EZR), version 1.53 (Saitama 
Medical Center, Jichi Medical University),26 a graphical user 
interface for R (The R Foundation for Statistical Computing, 
Vienna, Austria) was used for the statistical analyses.

3 |  RESULTS

3.1 | Analysis 1

Determination of clinical features in the 842 patients enrolled 
in Analysis 1 showed median age of 71 ± 10 years, 614 males, 
ECOG PS values of 0:1:2:3:4:no data in 636:120:42:29:12:3, 
Child- Pugh class A:B:C in 689:116:37, CLD etiology 
showing HCV:HBV:HBV&HCV:alcohol:others:no data in 
470:87:10:106:168:1, and TNM- LCSGJ I:II:III:IVa:IVb in 
198:346:176:50:72.

BTR level was 5.25  ±  1.78 in patients with Child- Pugh 
class A, 3.83  ±  1.78 in those with Child- Pugh class B, and 
4.65 ± 3.67 in those with Child- Pugh class C, with a significant 
difference found between class A and B (p < 0.001, Bonferroni's 
method) (Figure 2A). Among the TNM- LCSGJ stages, no sig-
nificant differences were observed except for between II and III 
(p = 0.008, Holm's method) (Figure 2B). ALBI (mALBI) grade 
1 patients showed a BTR level of 5.78 ± 1.66, while it was 
4.88 ± 1.55 in mALBI grade 2a, 4.07 ± 1.95 in mALBI grade 
2b, and 3.84 ± 2.76 in mALBI grade 3 patients. There were 
significant differences among the grades (p < 0.001, Holm's 
method), except between grade 2b and 3 (Figure 2C).

3.2 | Relationships among serum albumin, 
ALBI score and BTR

Both serum albumin level (r  =  0.370, 95% CI 0.310 to 
0.427, p < 0.001) (Figure 3A) and ALBI score (r = −0.389, 
95% CI −0.445 to −0.330, p < 0.001) (Figure 3B) showed 
a significant relationship with BTR. The predictive value 
of serum albumin for BTR 4.4 was 4.0 g/dL (AUC 0.767, 
95% CI 0.735– 0.798) (sensitivity/specificity, 0.801/0.602) 
(Figure 4A) and that of ALBI score for BTR 4.4 was −2.588 
(AUC 0.790, 95% CI 0.760– 0.821) (sensitivity/specific-
ity, 0.795/0.652), which was similar to the cut- off value of 
mALBI (ALBI) grade 1 (Figure  4B). Child- Pugh class B, 
mALBI grade 2a, and mALBI grade 2b predictive values for 
BTR for 3.589 (AUC 0.735, 95% CI 0.684– 0.786) (sensitiv-
ity/specificity, 0.832/0.588) (Figure 4C), 4.509 (AUC 0.768, 
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95% CI 0.739 to 0.798) (sensitivity/specificity, 0.825/0.630) 
(Figure  4D), and 4.155 (AUC 0.770 95% CI 0.731 to 
0.809) (sensitivity/specificity, 0.808/0.662) (Figure  4E), 
respectively.

There was a significant negative correlation of BCAA 
level with ALBI score (r  =  −0.234, 95% CI −0.297 to 
−0.169, p < 0.001), while tyrosine level showed a signifi-
cantly positive correlation (r = 0.389, 95% CI 0.330 to 0.445, 

F I G U R E  2  BTR levels based on (A) Child- Pugh class, (B) TNM- LCSGJ stage, and (C) mALBI grade. There was a significant difference 
between Child- Pugh class A and B (p < 0.001, Bonferroni's method). Among the TNM- LCSGJ stages, there were no significant differences 
observed except for between TNM- LCSGJ II and III (p = 0.008, Holm's method). There were significant differences among the mALBI grades 
(p < 0.001, Holm's method), except between grades 2b and 3

F I G U R E  3  A, Relationship of BTR with serum albumin level. A significantly positive relationship was shown (r = 0.370, 95% CI 0.310 to 
0.427, p < 0.001). B, Relationship of BTR with ALBI score. ALBI score showed a significantly negative relationship with BTR (r = −0.389, 95% 
CI −0.445 to −0.330, p < 0.001)
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p < 0.001) (Figure S1). Also, the predictive values of BTR 
for the albumin levels 4.0, 3.9, 3.8, 3.7, 3.6, and 3.5  g/dL 
were 4.469, 4.308, 3.962, 3.910, 3.547, and 3.593, respec-
tively (AUC range: 0.740– 0.755) (Figure S2).

3.3 | Analysis 2

The 438 patients within the Milan criteria and treated with cura-
tive treatment (surgical resection or RFA) were separated based 
on high-  and low- BTR grade, which revealed significant differ-
ences for age, gender, basal hepatic disease, platelet count, as-
partate transaminase, alanine aminotransferase, total bilirubin, 
albumin, prothrombin time, ALBI score, BTR, BCAA, tyrosine 
Child- Pugh class, tumor number, and treatment. In contrast, fre-
quency of elderly (≥65 years), AFP level, up to 7 criteria score, 
and TNM- LCSGJ stage were not significantly different (Table 1).

3.4 | Comparisons of recurrence free 
survival and overall survival using IPW

Although there was no significant difference in recurrence- 
free survival between the low-  and high- groups by log- 
rank test results adjusted with IPW (36.6 vs. 38.0  months, 

p = 0.398) (Figure S3), percentage of liver failure as a cause 
of death were 20.9% in the low- BTR, while 1.8% in the high- 
BTR (Table 1). On the other hand, log- rank test results ad-
justed with IPW showed that the low- BTR group had worse 
prognosis than the high- BTR group (median survival time 
91.3 vs. 141.2 months; 3- , 5- , and 10- year OS rates: 88.9% vs. 
86.3%, 70.5% vs. 78.1%, and 38.1% vs. 52.3%, respectively, 
p < 0.001) (Figure 5). In multivariate analysis, Cox- hazard 
(stepwise regression method) analysis with adjustment for 
IPW [analyzed factors: elderly (≥65 years old), female gen-
der, low body mass index (BMI) (≤20 kg/m2), ECOG PS ≥2, 
HCV infection, low platelet count ( < 104/µL), elevated ala-
nine aminotransferase (≥30 U/L), Child- Pugh class B, low 
BTR (≤4.4), elevated AFP (≥100 ng/mL), HCC size ≥2 cm, 
multiple tumors, surgical resection], the significant prognos-
tic factors were found to be elderly (HR 2.314, p = 0.001), 
female gender (HR 0.422, p  <  0.001), ECOG PS ≥2 (HR 
3.032, p = 0.002), low platelet count (HR 1.757, p = 0.010), 
and low BTR (≤4.4) (HR 1.852, p = 0.005) (Table 2).

4 |  DISCUSSION

Malnutrition has been shown to be prevalent in LC patients 
(46%), even those classified as Child- Pugh class A.27,28 

F I G U R E  4  The predictive value of serum albumin for (A) BTR 4.4 was 4.0 g/dL (AUC 0.767, 95% CI 0.735 to 0.798), while that of (B) ALBI 
was −2.588 (AUC 0.790, 95% CI 0.760 to 0.821), of (C) Child- Pugh class B was 3.589 (AUC 0.735, 95%CI 0.684 to 0.786), of (D) mALBI grade 
2a was 4.509 (AUC 0.768, 95% CI 0.739 to 0.798), and of (E) mALBI grade 2b was 4.155 (AUC 0.770 95% CI 0.731 to 0.809)
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Although, a continuing decline in Fischer's ratio as well as 
BTR, which are factors demonstrating malnutrition, reduces 
the ability for protein synthesis to occur in the liver,29,30 it is 
a clinical unmet need that there have been few easy usable 
alternative assessment methods for them. A reduced BCAA 
level and increased tyrosine level are commonly observed in 
patients with progression of hepatic function deterioration,31 
which is termed amino acid imbalance.32 Although albumin 
is one of hepatic function, it alone is not enough to be used 
as reserve function assessment tool for predicting prognosis 
and nutritional index. Recent developed ALBI score/ALBI 
(mALBI) grade has been reported to be able to play roles not 
only as assessment tools of hepatic function for predicting 

prognosis 3,33,34 but also as nutritional index.35 The present 
results showed that BCAA levels in our cohort had a sig-
nificantly negative correlation with ALBI score (r = −0.234, 
95% CI −0.297 to −0.169, p < 0.001), while tyrosine level 
showed a significantly positive correlation (r = 0.389, 95% 
CI 0.330 to 0.445, p < 0.001). Based on analysis of the pre-
dictive value of BTR for each albumin level (Figure S2) and 
of ALBI score for BTR 4.4 (−2.588, Figure 4B), the lower 
limit of the normal range of BTR was located between albu-
min 4.0 and 3.9 mg/dL, and close to the lower range of ALBI 
(mALBI) grade 1 (ALBI score −2.60).

PEM was defined based on both protein and energy 
malnutrition [serum albumin  <  3.5  mg/dL, non- protein 

T A B L E  1  Clinical features of patients with and without BTR decrease.

High- BTR group
(n = 293)

Low- BTR group
(n = 145) p value

Age, years 70.0 (9.3) 71.9 (9.2) p = 0.041

≥65 years, n 217, 74.1% 113, 77.9% p = 0.411

Gender, male:female 231:62 85:60 p < 0.001

Etiology, HCV:HBV:HBV&HCV:alcohol:other 169:43:6:30:45 105:7:1:13:19 p = 0.007

BMI, kg/m2 23.6 (3.3) 23.6 (3.5) p = 0.996

ECOG PS, 0:1:2:3:4 242:29:12:9:1 121:19:2:2:1 p = 0.308

Platelets, ≥104/µL 15.0 (7.4) 10.7 (4.9) p < 0.001

AST, U/L 41 (27) 56 (28) p < 0.001

ALT, U/L 38 (28) 47 (31) p = 0.002

T- bilirubin, mg/dL 0.75 (0.53) 1.02 (0.48) p < 0.001

Albumin, g/dL 4.14 (0.45) 3.74 (0.42) p < 0.001

Prothrombin time, % 91.8 (14.1) 83.6 (13.6) p < 0.001

ALBI score −2.83 (0.39) −2.38 (0.4) p < 0.001

BTR 6.07 (1.44) 3.37 (0.72) p < 0.001

BCAA 472.3 (112.3) 383.2 (87.5) p < 0.001

Tyrosine 79.93 (19.7) 117.2 (28.9) p < 0.001

Child- Pugh class, A:B 285:8 125:20 p < 0.001

AFP, ng/mL 178.4 (878.9) 140.5 (399.1) p = 0.621

AFP ≥100 ng/mL, n 44, 15.0% 34, 23.4% p = 0.034

Tumor size (maximum), cm 2.2 (1.0) 2.0 (0.8) p = 0.078

Tumor number, single:multiple 247:46 107:38 p = 0.027

Up to 7 criteria score 3.39 (1.0) 3.33 (0.9) p = 0.581

TNM- LCSGJ, I:II:III 125:147:21 55:78:12 p = 0.612

Surgical resection:RFA 173:120 109:36 p = 0.001

Causes of death (HCC:liver failure:intestinal bleeding:in
fection:others:unknown)

24 (43.6%):1 (1.8%):1 (1.8%):3 
(5.5%):17 (30.9%):9 (16.4%)

17 (39.5%):9 (20.9%):1 (2.3%):2 
(4.7%):10 (23.3%):4 (9.3%)

p  = 0.045

Observation period, years 48.8 (36.0) 47.8 (35.0) p = 0.799

IPW (mean) (SD) 4.32 (2.73) 3.00 (1.51) p < 0.001

Abbreviations: AFP, alpha- fetoprotein; ALBI score: albumin- bilirubin score; ALT, alanine aminotransferase; AST, aspartate transaminase; BCAA, branched- chain 
amino acid; BMI, body mass index; BTR, branched- chain amino acid to tyrosine ratio; ECOG PS, Eastern Cooperative Oncology Group performance status; HBV, 
hepatitis B virus; HCV, hepatitis C virus; IPW, inverse probability weighting; RFA, radio frequency ablation; TNM LCSGJ 6th, tumor node metastasis stage by Liver 
Cancer Study Group of Japan 6th edition.
*Mean values (standard deviation) are shown as numbers, unless otherwise indicated.
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respiratory quotient (npRQ) < 0.85]. Tajika et al. reported 
that PEM was observed in 30% of analyzed LC patients,4 
while Shiraki et al. noted similar results showing PEM in 
27% of their LC patients.36 The importance of evaluation 
of energy metabolism as a predictive prognostic factor in 
LC patients has been proposed, because a proportional haz-
ards model showed npRQ to be an independent significant 
factor for survival (relative risk  =  0.0003, 95% CI 0.000 
to 0.0970).4 However, a clinical issue is that assessment 
of npRQ is difficult for many institutions to perform, and 
an easy alternative evaluation method or scale for PEM is 
anticipated. Another report revealed a significantly nega-
tive correlation between npRQ and ALBI score (r = −0.35, 
p < 0.001), with ALBI score −2.18 the only predictor for 
npRQ (<0.85) in 109 patients with HCC.37 The reported 
ALBI cut- off value (−2.18) for npRQ (<0.85) was near the 
border of mALBI 2a and 2b (ALBI score −2.27). A recent 
study of the efficacy of the predictive value of mALBI di-
vided into four different grades, a more accurate assessment 

tool for hepatic function than Child- Pugh class,34 reported 
that mALBI grade 1 and 2a indicated better prognosis even in 
unresectable HCC patients treated with molecular targeting 
agents.38- 43 Decline of BTR (≤4.4) was shown to be a prog-
nostic factor in patients with early HCC treated curatively in 
the present results (HR 1.852, p = 0.005), and the predictive 
value of ALBI score for low BTR (≤4.4) was −2.588, which 
was an approximation of cut- off value of ALBI grade 1, and 
those of BTR for mALBI grade 2a and 2b were 4.509 (AUC 
0.768) and 4.155 (AUC 0.770). Therefore, it is considered 
that low BTR (≤4.4) may be useful as an approximate nu-
tritional predictor for malnutrition and that at least patients 
with mALBI 2b might have an amino acid imbalance. When 
patients show such condition, assessment of nutrition sta-
tus in detail and starting to consider nutritional intervention 
might be important for obtaining improving prognosis over 
a longer period.

BCAA supplementation improves serum albumin 
level.44,45 Muto et al. reported that such supplementation 
reduced the incidence of negative events (death, HCC de-
velopment, esophageal varices rupture, progression of he-
patic failure) (HR 0.67, 95%CI 0.49– 0.93, p = 0.015), and 
hepatic failure (p  =  0.45, 95%CI 0.23– 0.88, p  =  0.016) 
(LOTUS trial).8 Moreover, muscle abnormality is common 
in CLD,46 and sarcopenia including atrophy and decline 
of muscle strength are well known as prognostic factors 
in CLD patients with and without HCC.47- 51 In a past re-
ports, serum BCAA level showed significant correlations 
with muscle strength (r = 0.189 to 0.238, p < 0.01, respec-
tively) and muscle volume (r = 0.135 to 0.202, p = 0.025 to 
<0.001) regardless of gender, even in the patients without 
BCAA administration (n = 655), of whom 94.8% were very 
early CLD such as chronic hepatitis or LC with Child- Pugh 
class A.52 Therefore, amino acid imbalance 32 is thought to 
already exist in early stages of CLD. Because nutritional 
intervention was left to the discretion of the attending 
physicians in the present retrospective analysis, it is very 
difficult to elucidate clearly the best timing of nutritional 
intervention with BCAA supplementation after HCC diag-
nosis. However, adequate nutritional interventions in addi-
tion to dietary counseling by a nutrition support team53 are 
needed before conditions worsen to improve the prognosis 
of CLD patients. Either way, the present results indicate 
that low BTR level (≤4.4) is an initial timing for consider-
ing nutritional intervention (e.g., nutrition management by 
a registered dietician,53 BCAA supplementation) in CLD 
patients with or without HCC.

The present study has some limitations, including being 
conducted at a single center and its retrospective nature. A 
prospective randomized trial that compares outcomes be-
tween patients with and without intervention with BCAA 
supplementation will be needed to obtain a firmer conclu-
sion. Additionally, a more precise cut- off value for indicating 

F I G U R E  5  Overall survival (OS) of 438 patients within the 
Milan criteria treated with curative treatments divided by high-  and 
low- BTR grade, adjusted using IPW. Median survival: 91.3 versus 
141.2 months; 3- , 5- , and 10- year OS rates: 88.9% v versus. 86.3%, 
70.5% versus 78.1%, and 38.1% versus 52.3%, respectively (p < 0.001)

T A B L E  2  Multivariate analysis of factors related to survival in 
patients, after adjusting with IPW

Hazard 
ratio 95% CI

p 
value

Age (≥65 years) 2.314 1.387– 3.861 0.001

Female gender 0.422 0.254– 0.700 <0.001

ECOG PS (2 or 
more)

3.032 1.506– 6.103 0.002

Platelet count 
( < 104/µL)

1.757 1.143– 2.703 0.010

low BTR (≤4.4) 1.852 1.205– 2.849 0.005

Abbreviations: BTR, branched- chain amino acid to tyrosine ratio; ECOG 
PS, Eastern Cooperative Oncology Group performance status; IPW, inverse 
probability weighting.
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nutritional intervention given to effectively improve progno-
sis requires a future investigation.

In conclusion, low BTR (≤4.4) might be an effective 
prognostic factor in CLD patients with early HCC. ALBI 
score −2.588 was a predictor for low- BTR (≤4.4), which 
was prognostic factors for early HCC patients, and at least 
patients with mALBI grade 2b might have an amino acid im-
balance. ALBI score can behave as a useful alternative nutri-
tional marker of BTR.

CONFLICTS OF INTEREST
Atsushi Hiraoka; lecture fee, Otsuka pharma. All authors are 
in compliance with the ethical guidelines for authorship and 
publishing of the Cancer.

AUTHORS’ CONTRIBUTIONS
AH participated in study design, data collection, results anal-
ysis, and manuscript writing. MK, KMa, Tm, Ko, TAd, JM, 
HU, TY, MT, TAi,TO, RI, YS, HM, TN, MA, BM, KMi, 
and YH participated in data collection and reviewed the 
manuscript.

DATA AVAILABILITY STATEMENT
The datasets generated during and/or analyzed during the 
current study are not publicly available due to reasons why 
data are not public.

ORCID
Atsushi Hiraoka   https://orcid.org/0000-0003-1989-0480 

REFERENCES
 1. Parkin DM, Bray F, Ferlay J, Pisani P. Estimating the world cancer 

burden: globocan 2000. Int J Cancer. 2001;94(2):153- 156.
 2. Kudo M, Chung H, Osaki Y. Prognostic staging system for hepa-

tocellular carcinoma (CLIP score): its value and limitations, and 
a proposal for a new staging system, the Japan Integrated Staging 
Score (JIS score). J Gastroenterol. 2003;38(3):207- 215.

 3. Hiraoka A, Kumada T, Michitaka K, et al. Usefulness of albumin- 
bilirubin grade for evaluation of prognosis of 2584 Japanese pa-
tients with hepatocellular carcinoma. J Gastroenterol Hepatol. 
2016;31(5):1031- 1036.

 4. Tajika M, Kato M, Mohri H, et al. Prognostic value of en-
ergy metabolism in patients with viral liver cirrhosis. Nutrition. 
2002;18(3):229- 234.

 5. Sano A, Kakazu E, Morosawa T, et al. The profiling of plasma 
free amino acids and the relationship between serum albu-
min and plasma- branched chain amino acids in chronic liver 
disease: a single- center retrospective study. J Gastroenterol. 
2018;53(8):978- 988.

 6. Azuma Y, Maekawa M, Kuwabara Y, Nakajima T, Taniguchi K, 
Kanno T. Determination of branched- chain amino acids and ty-
rosine in serum of patients with various hepatic diseases, and its 
clinical usefulness. Clin Chem. 1989;35(7):1399- 1403.

 7. Suzuki K, Suzuki K, Koizumi K, et al. Measurement of serum 
branched- chain amino acids to tyrosine ratio level is useful in a 

prediction of a change of serum albumin level in chronic liver dis-
ease. Hepatol Res. 2008;38(3):267- 272.

 8. Muto Y, Sato S, Watanabe A, et al. Effects of oral branched- chain 
amino acid granules on event- free survival in patients with liver 
cirrhosis. Clin Gastroenterol Hepatol. 2005;3(7):705- 713.

 9. Mazzaferro V, Regalia E, Doci R, et al. Liver transplantation for 
the treatment of small hepatocellular carcinomas in patients with 
cirrhosis. New Engl J Med. 1996;334(11):693- 699.

 10. Pugh RN, Murray- Lyon IM, Dawson JL, Pietroni MC, Williams R. 
Transection of the oesophagus for bleeding oesophageal varices. 
British J Surg. 1973;60(8):646- 649.

 11. The Japan Society of Hepatology. Clinical Practice Guidelines for 
Hepatocellular Carcinoma 2017. 2017. https://www.jsh.or.jp/English/
guidelines_en/Guidelines_for_hepatocellular_carcinoma_2017

 12. Johnson PJ, Berhane S, Kagebayashi C, et al. Assessment of 
liver function in patients with hepatocellular carcinoma: a 
new evidence- based approach- the ALBI grade. J Clin Oncol. 
2015;33(6):550- 558.

 13. Hiraoka A, Michitaka K, Kumada T, et al. Validation and poten-
tial of albumin- bilirubin grade and prognostication in a nationwide 
survey of 46,681 hepatocellular carcinoma patients in japan: the 
need for a more detailed evaluation of hepatic function. Liver 
Cancer. 2017;6(4):325- 336.

 14. Sugiyama M, Kanno T, Ohkubo A, Muto Y, Murata K, Ueno Y. 
The clinical usefulness of the molar ratio of branched- chain amino 
acids to tyrosine (BTR) in discriminating stage of chronic liver 
diseases. Rinsho Byori. 1992;40(6):673- 678.

 15. Ishikawa T. Branched- chain amino acids to tyrosine ratio value as 
a potential prognostic factor for hepatocellular carcinoma. World J 
Gastroenterol. 2012;18(17):2005- 2008.

 16. Tada T, Kumada T, Toyoda H, et al. Impact of the branched- chain 
amino acid to tyrosine ratio and branched- chain amino acid gran-
ule therapy in patients with hepatocellular carcinoma: a propensity 
score analysis. J Gastroenterol Hepatol. 2015;30(9):1412- 1419.

 17. Bruix J, Sherman M. Management of hepatocellular carcinoma. 
Hepatology (Baltimore, MD). 2005;42(5):1208- 1236.

 18. Di Martino M, Marin D, Guerrisi A, et al. Intraindividual compar-
ison of gadoxetate disodium- enhanced MR imaging and 64- section 
multidetector CT in the Detection of hepatocellular carcinoma in 
patients with cirrhosis. Radiology. 2010;256(3):806- 816.

 19. Sano K, Ichikawa T, Motosugi U, et al. Imaging study of early 
hepatocellular carcinoma: usefulness of gadoxetic acid- enhanced 
MR imaging. Radiology. 2011;261(3):834- 844.

 20. Hiraoka A, Ichiryu M, Tazuya N, et al. Clinical translation in the 
treatment of hepatocellular carcinoma following the introduction 
of contrast- enhanced ultrasonography with Sonazoid. Oncol Lett. 
2010;1(1):57- 61.

 21. Hiraoka A, Hiasa Y, Onji M, Michitaka K. New contrast enhanced 
ultrasonography agent: impact of Sonazoid on radiofrequency ab-
lation. J Gastroenterol Hepatol. 2011;26(4):616- 618.

 22. The Liver Cancer Study Group of Japan. The general rules for the 
clinical and pathological study of primary liver cancer, 6th edn. 
Kanehara: Tokyo; 2015:26.

 23. D'Amico F, Schwartz M, Vitale A, et al. Predicting recur-
rence after liver transplantation in patients with hepatocellu-
lar carcinoma exceeding the up- to- seven criteria. Liver Transpl. 
2009;15(10):1278- 1287.

 24. Kim HT. Cumulative incidence in competing risks data and com-
peting risks regression analysis. Clin Cancer Res. 2007;13(2 Pt 
1):559- 565.

https://orcid.org/0000-0003-1989-0480
https://orcid.org/0000-0003-1989-0480


3592 |   HIRAOKA et Al.

 25. Xie J, Liu C. Adjusted Kaplan- Meier estimator and log- rank test 
with inverse probability of treatment weighting for survival data. 
Stat Med. 2005;24(20):3089- 3110.

 26. Kanda Y. Investigation of the freely available easy- to- use soft-
ware ‘EZR’ for medical statistics. Bone Marrow Transplant. 
2013;48(3):452- 458.

 27. Cheung K, Lee SS, Raman M. Prevalence and mechanisms of malnu-
trition in patients with advanced liver disease, and nutrition manage-
ment strategies. Clin Gastroenterol Hepatol. 2012;10(2):117- 125.

 28. Carvalho L, Parise ER. Evaluation of nutritional status of non-
hospitalized patients with liver cirrhosis. Arq Gastroenterol. 
2006;43(4):269- 274.

 29. Hara K, Yonezawa K, Weng QP, Kozlowski MT, Belham C, 
Avruch J. Amino acid sufficiency and mTOR regulate p70 S6 ki-
nase and eIF- 4E BP1 through a common effector mechanism. J 
Biol Chem. 1998;273(23):14484- 14494.

 30. Tsujinaka T, Morimoto T, Ogawa A, et al. Effect of parenteral and 
enteral nutrition on hepatic albumin synthesis in rats. Nutrition. 
1999;15(1):18- 22.

 31. Fischer JE, Yoshimura N, Aguirre A, et al. Plasma amino acids in 
patients with hepatic encephalopathy. Effects of amino acid infu-
sions. Am J Surg. 1974;127(1):40- 47.

 32. Moriwaki H, Miwa Y, Tajika M, Kato M, Fukushima H, Shiraki M. 
Branched- chain amino acids as a protein-  and energy- source in liver 
cirrhosis. Biochem Biophys Res Commun. 2004;313(2):405- 409.

 33. Hiraoka A, Kumada T, Michitaka K, Kudo M. Newly proposed 
ALBI Grade and ALBI- T score as tools for assessment of hepatic 
function and prognosis in hepatocellular carcinoma patients. Liver 
Cancer. 2019;8(5):312- 325.

 34. Hiraoka A, Kumada T, Tsuji K, et al. Validation of modified ALBI 
grade for more detailed assessment of hepatic function in hepato-
cellular carcinoma patients: a multicenter analysis. Liver Cancer. 
2019;8(2):121- 129.

 35. Hiraoka A, Kumada T, Tada T, et al. Nutritional index as prognos-
tic indicator in patients receiving lenvatinib treatment for unresect-
able hepatocellular carcinoma. Oncology. 2020;98(5):295- 302.

 36. Shiraki M, Nishiguchi S, Saito M, et al. Nutritional status and 
quality of life in current patients with liver cirrhosis as assessed in 
2007– 2011. Hepatol Res. 2013;43(2):106- 112.

 37. Kotoh YY, Saeki I, Yamasaki T, et al. Albumin– Bilirubin score as 
a useful predictor of energy malnutrition in patients with hepato-
cellular carcinoma. Clin Nutr. in press.

 38. Hiraoka A, Kumada T, Atsukawa M, et al. Prognostic factor of 
lenvatinib for unresectable hepatocellular carcinoma in real- world 
conditions- Multicenter analysis. Cancer Med. 2019;8(8):3719- 3728.

 39. Hiraoka A, Kumada T, Fukunishi S, et al. Post- progression treat-
ment eligibility of unresectable hepatocellular carcinoma patients 
treated with lenvatinib. Liver Cancer. 2020;9(1):73- 83.

 40. Ando Y, Kawaoka T, Suehiro Y, et al. Analysis of post- progression 
survival in patients with unresectable hepatocellular carcinoma 
treated with lenvatinib. Oncology. 2020;98(11):787- 797.

 41. Endo K, Kuroda H, Kanazawa JO, et al. Impact of grip strength in 
patients with unresectable hepatocellular carcinoma treated with 
lenvatinib. Cancers. 2020;12(8):2146.

 42. Fuchigami A, Imai Y, Uchida Y, et al. Therapeutic efficacy of lenva-
tinib for patients with unresectable hepatocellular carcinoma based 
on the middle- term outcome. PLoS One. 2020;15(4):e0231427.

 43. Kaneko S, Tsuchiya K, Yasui Y, et al. Strategy for advanced hepa-
tocellular carcinoma based on liver function and portal vein tumor 
thrombosis. Hepatol Res. 2020;50(12):1375- 1385.

 44. Togo S, Tanaka K, Morioka D, et al. Usefulness of granular BCAA 
after hepatectomy for liver cancer complicated with liver cirrhosis. 
Nutrition. 2005;21(4):480- 486.

 45. Nakaya Y, Okita K, Suzuki K, et al. BCAA- enriched snack im-
proves nutritional state of cirrhosis. Nutrition. 2007;23(2):113- 120.

 46. Hiraoka A, Aibiki T, Okudaira T, et al. Muscle atrophy as pre- 
sarcopenia in Japanese patients with chronic liver disease: com-
puted tomography is useful for evaluation. J Gastroenterol. 
2015;50(12):1206- 1213.

 47. Hanai T, Shiraki M, Ohnishi S, et al. Rapid skeletal muscle wast-
ing predicts worse survival in patients with liver cirrhosis. Hepatol 
Res. 2016;46(8):743- 751.

 48. Hiraoka A, Hirooka M, Koizumi Y, et al. Muscle volume loss as 
a prognostic marker in hepatocellular carcinoma patients treated 
with sorafenib. Hepatol Res. 2017;47(6):558- 565.

 49. Hiraoka A, Kitahata S, Izumoto H, et al. Muscle volume loss a prog-
nostic factor for death in liver cirrhosis patients and special relation-
ship to portal hypertension. Hepatol Res. 2018;48(3):E354- E359.

 50. Hiraoka A, Otsuka Y, Kawasaki H, et al. Impact of muscle vol-
ume and muscle function decline in patients undergoing surgical 
resection for hepatocellular carcinoma. J Gastroenterol Hepatol. 
2018;33(6):1271- 1276.

 51. Hanai T, Shiraki M, Imai K, et al. Reduced handgrip strength is 
predictive of poor survival among patients with liver cirrhosis: a 
sex- stratified analysis. Hepatol Res. 2019;49(12):1414- 1426.

 52. Hiraoka A, Michitaka K, Ueki H, et al. Sarcopenia and two types 
of presarcopenia in Japanese patients with chronic liver disease. 
Eur J Gastro Hepatol. 2016;28(8):940- 947.

 53. Iwasa M, Iwata K, Hara N, et al. Nutrition therapy using a mul-
tidisciplinary team improves survival rates in patients with liver 
cirrhosis. Nutrition. 2013;29(11– 12):1418- 1421.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Hiraoka A, Kato M, Marui K, 
et al. Easy clinical predictor for low BCAA to tyrosine 
ratio in chronic liver disease patients with hepatocellular 
carcinoma: Usefulness of ALBI score as nutritional 
prognostic marker. Cancer Med. 2021;10:3584–3592. 
https://doi.org/10.1002/cam4.3908

https://doi.org/10.1002/cam4.3908

