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Dear Editor,

Molecular target agents (MTAs) are an important treatment op-

tions for patients with unresectable hepatocellular carcinoma 

(HCC).1 Lenvatinib (LEN), an oral multi-kinase inhibitor, has a 

higher response rate compared to other MTAs, including 

sorafenib.2 However, fatigue is one of the adverse events (AEs) of 

LEN, limiting its clinical application.3

Fatigue is underinvestigated and often undertreated in patients 

with HCC. However, frailty reportedly outperforms other factors in 

predicting fatigue in patients with breast cancer undergoing ra-

diotherapy.4 Additionally, malnutrition can cause fatigue in pa-

tients with chronic liver disease.5 The depletion of serum 

branched-chain amino acid (BCAA) levels was associated with fa-

tigue in patients on hemodialysis.6 Thus, frailty and BCAA are 

possible factors associated with LEN-related fatigue. Herein, we 

performed a data-mining analysis based on artificial intelligence 

and found that BCAA supplementation and frailty were associat-

ed with LEN-related fatigue in patients with unresectable HCC.

We enrolled 42 consecutive patients with HCC treated using 

LEN in this observational study approved by the Institutional Re-

view Board of Kurume University (approval number: 19098). All 

patients were regularly followed until death or study cessation 

(March 31, 2021). LEN (Eisai Co., Ltd, Tokyo, Japan) was orally ad-

ministered at a dose of 12 mg/day in patients with body weight 

≥60 kg or 8 mg/day in patients with body weight <60 kg, and it 

was discontinued when any AEs of unacceptable grade 2 or ≥ 

grade 3 occurred.

Any grade fatigue occurred in 30.9% (13/42) of enrolled pa-

tients, and grade ≥2 fatigue occurred in 26.2% (11/42) of enrolled 

patients. There were no significant differences in age, sex, or 

body mass index between the grade <2 and grade ≥2 fatigue 

groups. No significant differences were observed in the albumin-

bilirubin (ALBI) grade or Barcelona Clinic Liver Cancer (BCLC) 

stage between the two groups. In patients with grade ≥2 fatigue, 

9.1% (1/11) were treated with BCAA supplementation. In con-
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trast, 38.7% (12/31) of patients with grade <2 fatigue were treat-

ed with BCAA supplementation.

Independent factors associated with grade ≥2 fatigue were ex-

amined by logistic regression analysis with a stepwise procedure 

using the following 14 variables: age, sex, body mass index, per-

formance status, BCLC stage, vascular invasion of HCC, extrahe-

patic spread, initial dose of LEN, period of LEN treatment, ALBI 

grade, diabetes mellitus, sarcopenia, frailty, and BCAA supplemen-

tation. In a stepwise procedure, only BCAA supplementation was 

selected as an exploratory variable for logistic regression analysis. 

Logistic regression analysis identified BCAA supplementation as 

an independent factor associated with grade ≥2 fatigue (odds ra-

tio, 0.158; 95% confidence interval, 0.008–0.089; P=0.049). The 

reason why BCAA was associated with a low incidence of fatigue 

remains unclear. However, the following are possible explanations: 

first, fatigue can be caused by increased serotonin synthesis in the 

brain, which is derived from tryptophan.7,8 BCAA suppresses the 

transport of tryptophan across the blood-brain barrier and reduces 

brain serotonin.9 Second, muscle plays a major role in the catabolic 

reaction of kynurenine, which causes fatigue.10 LEN induces muscle 

atrophy,11 leading to an increase in serum kynurenine levels.12 On 

the other hand, BCAA stimulates muscle protein synthesis and 

suppresses muscle atrophy.13 Thus, BCAA supplementation may 

contribute to suppressing LEN-related fatigue through alteration of 

tryptophan and kynurenine metabolism.

A decision-tree analysis then identified BCAA supplementation 

as the most important classifier for grade ≥2 fatigue. In patients 

with BCAA supplementation, 7.7% (1/13) showed grade ≥2 fa-

tigue. In contrast, 34.5% (10/29) showed grade ≥2 fatigue in pa-

tients without BCAA supplementation (Fig. 1). In patients without 

Figure 1. Decision-tree algorithm for grade ≥2 fatigue during lenvatinib treatment in patients with unresectable hepatocellular carcinoma. The pie 
graphs indicate the percentage of grade <2 fatigue (white)/grade ≥2 fatigue (black) in each group. BCAA, branched-chain amino acid; ALBI, albumin-
bilirubin.
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BCAA supplementation, the second and third classifiers were 

ALBI grade and frailty, respectively. In patients with ALBI grade 1 

and pre-frailty/frailty, 54.6% (6/11) showed grade ≥2 fatigue (Fig. 1). 

Thus, frailty may be associated with LEN-related fatigue. Uojima 

et al.14 reported that decreased skeletal muscle mass was associ-

ated with the onset of severe AEs. Moreover, Endo et al.15 report-

ed that muscle strength was associated with the onset of severe 

AE in patients with HCC treated with LEN. Thus, these findings 

suggest that frailty is a risk factor for grade ≥2 fatigue, and frailty 

should be evaluated before LEN treatment even in patients with 

HCC with ALBI grade 1.

This study had some limitations. First, this was a single-center 

study, and the selection bias of the enrolled patients may have af-

fected our results. Second, the total sample size and event num-

ber were small; therefore, we employed a stepwise procedure to 

select exploratory variables for logistic regression analysis. Third, 

we could not evaluate the interventional effects of BCAA supple-

mentation and exercise therapy on fatigue. Further study should 

be designed as a large-scale multicenter study focusing on the ef-

fect of BCAA supplementation and cancer rehabilitation on fa-

tigue in patients with unresectable HCC treated with LEN.

In conclusion, grade ≥2 fatigue occurred in approximately 25% 

of patients with unresectable HCC treated with LEN. BCAA and 

frailty were associated with LEN-related fatigue. Thus, BCAA sup-

plementation and maintenance of physical function may be bene-

ficial for the management of fatigue in patients with unresectable 

HCC treated with LEN.
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