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Abstract
Background: The present study aimed to assess the efficacy and safety of lenvatinib and 
verify the possibility of lenvatinib for the expanded indication from the REFLECT trial in pa-
tients with advanced hepatocellular carcinoma (HCC) in real-world practice, primarily focusing 
on the population that was excluded in the REFLECT trial. Methods: We retrospectively col-
lected data on patients with advanced HCC who were administered lenvatinib in 7 institutions 
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in Japan. Results: Of 152 advanced HCC patients, 95 and 57 patients received lenvatinib in 
first-line and second- or later-line systemic therapies, respectively. The median progression-
free survival in Child-Pugh class A patients was nearly equal between first- and second- or 
later-line therapies (5.2 months; 95% CI 3.7–6.9 for first line, 4.8 months; 95% CI 3.8–5.9 for 
second or later line, p = 0.933). According to the modified Response Evaluation Criteria in 
Solid Tumors, the objective response rate of 27 patients (18%) who showed a high burden of 
intrahepatic lesions (i.e., main portal vein and/or bile duct invasion or 50% or higher liver oc-
cupation) at baseline radiological assessment was 41% and similar with that of other popula-
tion. The present study included 20 patients (13%) with Child-Pugh class B. These patients 
observed high frequency rates of liver function-related adverse events due to lenvatinib. The 
8-week dose intensity of lenvatinib had a strong correlation with liver function according to 
both the Child-Pugh and albumin – bilirubin scores. Conclusion: Lenvatinib had potential 
benefits for patients with advanced HCC with second- or later-line therapies and a high bur-
den of intrahepatic lesions. Dose modification should be paid increased attention among pa-
tients with poor liver function, such as Child-Pugh class B patients.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the third-most frequent cause of cancer deaths 
worldwide [1, 2]. Until the early 2000s, treatment for HCC primarily focused on removing or 
controlling intrahepatic lesions. Hepatic resection, local ablation, and transarterial chemoem-
bolization have made remarkable progress during this period [3–6]. On the contrary, devel-
opments of systemic therapies for patients with advanced HCC who were not indicated for 
hepatic resection or locoregional therapies, as mentioned above, have not shown adequate 
advancement. In 2007, the Sorafenib HCC Assessment Randomized Protocol trial, a 
randomized, double-blind, placebo-controlled study, demonstrated that sorafenib signifi-
cantly prolonged overall survival (OS) versus placebo in patients with advanced HCC in the 
Western population [7]. Similarly, an Asia Pacific trial duplicated the finding that sorafenib 
administration showed a survival benefit in Eastern patients with advanced HCC [8]. On the 
basis of these 2 randomized controlled trials, sorafenib has been recommended as the only 
first-line oral tyrosine kinase inhibitor for advanced HCC worldwide for nearly a decade. 
Although several novel compounds had been developed as both first- and second-line treat-
ments, to the best of our knowledge, none have shown significant survival benefits in phase 
III studies until regorafenib administration demonstrated a survival benefit in the second-
line setting in 2016 [9–16].

In 2017, lenvatinib, an oral tyrosine kinase inhibitor that targets vascular endothelial 
growth factor receptors 1 through 3, fibroblast growth factor receptors 1 through 4, platelet-
derived growth factor receptor β, and the RET and KIT oncogenes, demonstrated improved 
outcomes for patients with HCC in a phase III trial (REFLECT trial), which confirmed the 
noninferiority of lenvatinib to sorafenib for OS [17]. In accordance with the results of the 
REFLECT trial, the Pharmaceuticals and Medical Devices Agency in Japan approved lenvatinib 
for patients with advanced HCC, and it has been available for use in clinical practice since 
March 23, 2018.

Generally, clinical trials set strict enrollment criteria that include patients who are most 
likely to benefit from the testing drug, and trials are not designed to include all representative 
populations who may be eligible to use the agents in real-world practice. The REFLECT trial 
included only Child-Pugh class A patients and excluded patients with a high burden of intra-
hepatic lesions. In clinical practice, a large number of patients who have a high burden of 
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intrahepatic lesions or worse liver functioning (Child-Pugh class B) require systemic therapy 
in advanced HCC. In this retrospective study, we investigated the efficacy and safety of lenva-
tinib in Japanese patients with advanced HCC after lenvatinib approval and primarily focused 
on populations that were excluded from the REFLECT trial, which complemented the results 
of other clinical trials of lenvatinib in patients with advanced HCC.

Materials and Methods

We retrospectively collected data of patients with advanced HCC who received lenvatinib in 7 institu-
tions in Japan between March 23, 2018 (date of lenvatinib approval in Japan) and January 31, 2019. Data were 
locked on June 30, 2019. The present study was approved by the Research Ethics Committee of the Graduate 
School of Medicine, Chiba University (no 2896). We had access to information that could identify individual 
patients during or after data collection. Patient data were anonymized and de-identified before analysis.

Treatment with Lenvatinib 
Patients were administered lenvatinib at the dose required to maintain performance status, adequate 

bone marrow, and both liver and renal functioning. Confirmation of Child-Pugh class A at the time of initiating 
lenvatinib administration was recommended. However, limited Child-Pugh class B patients were allowed to 
use by the decision of specialists concerning HCC treatment. In Child-Pugh class A patients, a standard 
starting dose of lenvatinib consists of 12 and 8 mg orally once per day for patients weighing 60 kg or more 
and < 60 kg, respectively. A starting dose of lenvatinib in Child-Pugh class B patients was 8 mg orally once per 
day on the basis of a previous early-phase clinical trial [18]. We applied dynamic contrast-enhanced computed 
tomography (CT) or magnetic resonance imaging (MRI) at baseline and every 1–2 months after starting 
treatment for the evaluation of tumor response.

Clinical Parameters
Clinical parameters of this study were retrospectively retrieved from 7 institutions in Japan as follows: 

baseline demographic data of lenvatinib (e.g., sex, age, etiology, Eastern Cooperative Oncology Group perfor-
mance status, Child-Pugh class, radiological assessment, alpha-fetoprotein [AFP], treatment before lenva-
tinib initiation, and initial and final lenvatinib doses), adverse events (AE) after the initiation of lenvatinib, 
date of radiological progression, date of death or last follow-up, and dose intensity of lenvatinib.

Radiological assessments were evaluated according to both Response Evaluation Criteria in Solid 
Tumors (RECIST) and modified RECIST (mRECIST) [19, 20]. Separately, the Common Terminology Criteria 
for Adverse Events version 4.0 protocol was used for the assessment of AE. In the present study, we focused 
on an incidence rate of hepatic encephalopathy during treatments with lenvatinib. Hepatic encephalopathy 
was evaluated by a term of “encephalopathy” according to Common Terminology Criteria for Adverse Events 
version 4.0, which was modified based on the Inuyama classification of hepatic encephalopathy (online 
suppl. Table 1; for all online suppl. material, see www.karger.com/doi/10.1159/000507022) [21].

We also retrospectively evaluated the presence or absence of a portosystemic shunt (P-S shunt) at  
the baseline examinations. In the present study, a P-S shunt was defined as any of the following findings:  
(1) esophageal and/or gastric varices according to upper endoscopy or dynamic contrast CT or MRI or  
(2) a paraumbilical vein, gastrorenal shunt, or any other apparent findings of collateral circulation from the 
portal system to the systemic circulation according to dynamic contrast CT or MRI.

Statistical Analysis
Kaplan-Meier plots of medians with 95% CIs were used for estimating OS. The censoring date was 

defined as the date of the last follow-up. Progression-free survival (PFS) after lenvatinib was estimated using 
Kaplan-Meier plots of medians with 95% CIs, with the progression date defined according to mRECIST and 
the censoring date defined as the date of last radiological assessment without progression. Logistic regression 
analysis was performed for assessing the factors for hepatic encephalopathy occurrence. All statistical 
analyses were conducted using the Statistical Package for the Social Sciences version 25 statistical software 
(IBM, Armonk, NY, USA).
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Results

Baseline Characteristics, Efficacy, and Safety of the Whole Population of the Present 
Study
Between March 23, 2018, and January 31, 2019, 152 patients were identified as candi-

dates for receiving lenvatinib administration at 7 Japanese institutions. Table 1 shows the 
baseline characteristics of the present study. The median age of patients in the present study 
was 73 years old. The most common etiology was hepatitis C virus (45%), followed by alcohol 
abuse (25%) and hepatitis B virus (13%). The majority of the patients were Eastern Coop-
erative Oncology Group performance status grade 0 or 1 (93%) and Child-Pugh class A (87%). 
At the baseline radiological assessments, 23 and 38% of patients were found to have macro-
vascular invasion and extrahepatic metastasis, respectively. Of the 152 patients, 95 patients 
(62%) and 57 patients (38%) started lenvatinib as first-line and second- or later-line ther-
apies, respectively. According to the baseline radiological assessments, 27 patients (18%) 
had main portal vein and/or bile duct invasion or 50% or higher liver occupation by an intra-
hepatic tumor and conflicted with the radiological exclusion criteria of the REFLECT trial. We 
defined this population as the “high burden of intrahepatic lesions” group. 

Regarding the cutoff date, the median observation period was 6.7 months (95% CI 6.2–7.3 
months) and 95 patients (62%) had discontinued lenvatinib. Discontinued rates due to 

Table 1. Baseline characteristics of 152 patients with HCC treated with lenvatinib

Demographics/characteristics Any 
patients
(n = 152)

Child-Pugh class Prior systemic 
therapy

High burden of 
intrahepatic lesion

A
(n = 132)

B
(n = 20)

absent
(1st line)
(n = 95)

present
(2nd or 
later line)
(n = 57)

absent
(n = 125)

present
(n = 27)

Gender, male 128 (84) 112 (85) 16 (80) 75 (79) 53 (93) 104 (83) 24 (90)
Age, years, >73 74 (49) 65 (50) 9 (45) 48 (51) 26 (46) 66 (53) 8 (30)
HBV positive 20 (13) 18 (14) 2 (10) 13 (14) 7 (12) 15 (12) 5 (19)
HCV positive 69 (45) 61 (46) 8 (40) 41 (43) 28 (49) 63 (50) 6 (22)
Alcohol abuse 38 (25) 32 (24) 6 (30) 28 (30) 10 (18) 29 (23) 9 (33)
Body weight, <60 kg 74 (49) 66 (50) 8 (40) 45 (47) 29 (51) 58 (46) 16 (59)
ECOG-PS, ≤1 142 (93) 123 (93) 19 (95) 90 (95) 52 (91) 118 (94) 23 (89)
Child-Pugh score

<5 70 (46) 70 (53) 0 47 (49) 23 (40) 63 (50) 7 (26)
6 62 (41) 62 (47) 0 37 (39) 25 (44) 46 (37) 16 (59)

>7 20 (13) 0 20 (100) 11 (12) 9 (16) 16 (13) 4 (15)
Number of intrahepatic lesions, >7 70 (46) 62 (47) 8 (40) 44 (46) 26 (46) 57 (46) 13 (48)
Maximum size of intrahepatic 

lesions, >50 mm 51 (34) 43 (33) 8 (40) 33 (35) 18 (32) 35 (28) 16 (59)
Intrahepatic tumor occupation, ≥50% 11 (7) 8 (6) 3 (15) 7 (7) 4 (7) 0 11 (100)
MVI 35 (23) 31 (24) 4 (20) 25 (26) 10 (18) 14 (11) 21 (78)

Main portal invasion 12 (8) 10 (7) 2 (10) 9 (10) 3 (5) 0 12 (44)
Bile duct invasion 4 (3) 4 (3) 0 2 (2) 2 (4) 0 4 (15)

EHM 57 (38) 48 (36) 9 (45) 33 (35) 24 (42) 50 (40) 87 (26)
BCLC stage C 99 (65) 85 (64) 14 (70) 64 (67) 35 (61) 73 (36) 11 (41)
AFP, >400 ng/mL 56 (37) 48 (36) 8 (40) 36 (38) 20 (35) 45 (36) 11 (41)
Pretreatment 132 (87) 115 (87) 17 (85) 75 (79) 57 (100) 115 (92) 17 (63)

HBV, hepatitis B virus; HCV, hepatitis C virus; ECOG, Eastern Cooperative Oncology Group; PS, performance status; MVI, macrovascular 
invasion; EHM, extrahepatic metastasis; BCLC, Barcelona clinic liver cancer; AFP, alfa-fetoprotein; HCC, hepatocellular carcinoma.
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disease progression and AE were 38% (58 patients) and 21% (32 patients), respectively. The 
median duration of treatment with lenvatinib was 5.3 months (95% CI 4.5–6.1 months). The 
median PFS and OS were 5.1 months (95% CI 4.4–5.9 months) and 13.3 months (95% CI 
9.9–16.7 months), respectively. According to RECIST and mRECIST, 16% and 41% patients 
achieved objective response during lenvatinib therapy (Table 2). Among the 113 patients 
with AFP levels of > 20 ng/mL at baseline, 61 patients (54%) experienced a decrease in AFP 
level by > 20%.

Figure 1 presents the timing of response and duration for the individual responders 
among patients with advanced HCC who were administered lenvatinib. The median duration 
from lenvatinib administration to confirming radiological response was 8.0 weeks (95% CI 
7.0–9.0 weeks). Of the 62 patients who achieved a response, 17 and 13 patients discontinued 
lenvatinib due to radiological progression and AE, respectively. The median duration of a 
continued response was not reached, and 14 patients (23%) had a continued response for  
> 6 months.

Table 3 shows lenvatinib-related AE in our population. The most frequently occurring AE 
were hypothyroidism (63 patients, 41%), anorexia (63 patients, 41%), fatigue (58 patients, 
38%), hypertension (43 patients, 28%), and loss of body weight (41 patients, 27%). The most 
common grade 3 or higher AE were hypertension (11 patients, 7%), elevated aspartate trans-
aminase (AST; 11 patients, 7%), and proteinuria (10 patients, 6%). During the follow-up 
period, 120 patients (79%) required a dose modification of lenvatinib due to AE. The most 
common causes of dose modification were anorexia (33 patients, 22%), fatigue (24 patients, 
16%), encephalopathy (18 patients, 12%), elevated AST (11 patients, 7%), palmar-plantar 
erythrodysesthesia (11 patients, 7%), and proteinuria (11 patients, 7%). The rates of dose 
modifications within 2 weeks, 2–4 weeks, and after 4 weeks from starting lenvatinib were 
33% (50 patients), 15% (23 patients), and 31% (47 patients), respectively. The most com- 
mon causes of treatment discontinuation due to AE were bleeding (6 patients, 4%), anorexia 
(5 patients, 3%), and fatigue (4 patients, 3%).

Table 2. Best response, objective response rate, and disease control rate during lenvatinib treatments

Any 
patients
(n = 152)

Child-Pugh class Prior systemic therapy High burden of 
intrahepatic lesion

A
(n = 132)

B
(n = 20)

absent
(1st line)
(n = 95)

present
(2nd line or 
later) (n = 57)

absent
(n = 125)

present
(n = 27)

RECIST
Complete response 2 (1) 2 (2) 0 2 (2) 0 1 (1) 1 (4)
Partial response 22 (15) 21 (16) 1 (5) 14 (15) 8 (14) 17 (14) 5 (19)
Stable disease 78 (51) 67 (51) 11 (55) 47 (50) 31 (54) 69 (56) 9 (33)
Progressive disease 29 (19) 24 (18) 5 (25) 17 (18) 12 (21) 21 (17) 8 (30)
Objective response rate 24 (16) 23 (18) 1 (5) 16 (17) 8 (14) 18 (15) 6 (23)
Disease control rate 102 (67) 90 (68) 12 (60) 63 (66) 39 (68) 87 (70) 15 (56)

mRECIST
Complete response 3 (1) 3 (2) 0 2 (2) 1 (2) 3 (2) 0
Partial response 59 (39) 49 (37) 10 (50) 40 (42) 19 (33) 48 (38) 11 (41)
Stable disease 42 (27) 39 (30) 3 (15) 23 (24) 19 (32) 34 (27) 8 (30)
Progressive disease 27 (18) 24 (18) 3 (15) 14 (15) 13 (23) 22 (18) 5 (19)
Objective response rate 62 (41) 52 (39) 10 (50) 42 (44) 20 (35) 51 (41) 11 (41)
Disease control rate 104 (68) 91 (60) 13 (65) 65 (68) 39 (68) 85 (68) 24 (70)

RECIST, Response Evaluation Criteria in Solid Tumors; mRECIST, modified RECIST.
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Efficacy and Safety of Lenvatinib Focusing on Patients Who Had a Previous History of 
Systemic Therapy and a “High Burden of Intrahepatic Lesions”
The median PFSs of Child-Pugh class A patients who received lenvatinib as first- and 

second- or later-line therapies were 5.2 months (95% CI 3.7–6.9 months) and 4.8 months 
(95% CI 3.8–5.9 months), respectively (p = 0.933; Fig.  2a). The median OSs of first- and 
second- or later-line patient with Child-Pugh class A were 13.3 months (95% CI 7.2–19.4 
months) and not reached, respectively (p = 0.241; Fig. 2b). The median PFSs and OSs of first- 
and second- or later-line patients with the whole population in our cohort are also demon-
strated in online supplementary Figure 1a and b, respectively (PFS, first line: 5.1, 95% CI 
3.9–6.2 months, second or later line: 5.1, 95% CI 4.2–6.1 months, p = 0.448; OS, first line: 13.3, 
95% CI 7.1–19.6 months, second or later line: not reached, p = 0.233). The objective response 
rate (ORR) in patients with first- and second- or later-line therapies were 44 and 35%, respec-
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Fig. 1. Response and duration for responders with a best objective response of confirmed complete or partial 
responses. The discontinuation rate due to AE in responder patients was 11% (3 patients), 16% (4 patients), 
and 60% (6 patients) according to Child-Pugh scores of 5, 6, and 7 or more points, respectively. AE, adverse 
events.



388Liver Cancer 2020;9:382–396

Maruta et al.: Lenvatinib for Expanding Indication of REFLECT Trial

www.karger.com/lic
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000507022

tively (Table 2). We also compared efficacy of lenvatinib in Child-Pugh class A patients 
between the high burden of intrahepatic lesions group and the others; PFSs of both were 4.4 
months (95% CI 3.3–5.5 months) and 5.3 months (95% CI 3.8–6.8 months), respectively (p = 
0.249; Fig. 2c). Similarly, OSs of groups were 6.5 months (95% CI 4.8–8.3 months) and 14.2 

Table 3. AE during lenvatinib treatment (>10%)

Any 
patients
(n = 152)

Child-Pugh class Prior systemic therapy High burden of 
intrahepatic lesion

A
(n = 132)

B
(n = 20)

absent
(1st line)
(n = 95)

present
(2nd or later 
line)
(n = 57)

absent
(n = 125)

present
(n = 27)

Hypothyroidism
Any grade
Grade ≥3

63 (41)
1 (1)

58 (44)
0

5 (25)
1 (5)

44 (37)
1 (1)

19 (33)
0

53 (42)
1 (1)

10 (37)
0

Anorexia
Any grade
Grade ≥3

63 (41)
7 (5)

52 (39)
6 (5)

11 (55)
1 (5)

37 (39)
3 (3)

26 (46)
4 (7)

52 (42)
7 (6)

11 (41)
0

Fatigue
Any grade
Grade ≥3

58 (38)
8 (5)

47 (36)
6 (5)

11 (55)
2 (10)

39 (41)
6 (6)

19 (33)
2 (4)

50 (41)
7 (6)

8 (30)
1 (4)

Hypertension
Any grade
Grade ≥3

43 (28)
11 (7)

38 (29)
9 (7)

5 (25)
2 (10)

25 (26)
6 (6)

18 (32)
5 (9)

32 (26)
9 (7)

11 (41)
2 (7)

Bodyweight loss
Any grade
Grade ≥3

41 (27)
1 (1)

34 (26)
1 (1)

7 (35)
0

27 (28)
0

14 (25)
1 (2)

31 (25)
1 (1)

10 (37)
0

Elevated aspartate aminotransferase
Any grade
Grade ≥3

37 (24)
11 (7)

28 (21)
8 (6)

9 (45)
4 (20)

22 (23)
7 (7)

15 (26)
4 (7)

30 (24)
6 (5)

7 (26)
5 (19)

Proteinuria
Any grade
Grade ≥3

37 (24)
10 (7)

32 (24)
8 (6)

5 (25)
2 (10)

25 (26)
9 (9)

12 (21)
1 (2)

32 (26)
9 (7)

5 (19)
1 (4)

Palmar-plantar erythrodysesthesia
Any grade
Grade ≥3

35 (23)
3 (2)

34 (26)
3 (2)

1 (5)
0

19 (20)
2 (2)

16 (28)
1 (2)

32 (26)
3 (2)

3 (11)
0

Thrombocytopenia
Any grade
Grade ≥3

33 (22)
7 (5)

32 (24)
7 (5)

1 (5)
0

21 (22)
7 (7)

12 (21)
0

31 (25)
6 (5)

2 (7)
1 (4)

Diarrhea
Any grade
Grade ≥3

33 (22)
7 (5)

24 (18)
5 (4)

9 (45)
2 (10)

19 (20)
3 (3)

14 (25)
4 (7)

25 (20)
5 (4)

8 (30)
2 (7)

Hepatic encephalopathy
Any grade
Grade ≥3

20 (13)
2 (1)

14 (11)
1 (1)

6 (30)
1 (5)

12 (13)
1 (1)

8 (14)
1 (2)

16 (13)
2 (2)

4 (15)
0

Bilirubin elevation
Any grade
Grade ≥3

20 (13)
1 (1)

15 (11)
1 (1)

5 (25)
0

12 (13)
1 (1)

8 (14)
0

16 (13)
0

4 (15)
1 (4)

Hoarseness
Any grade
Grade ≥3

19 (13)
2 (1)

19 (14)
2 (2)

0
0

8 (8)
1 (1)

11 (19)
1 (2)

16 (13)
2 (2)

3 (11)
0

AE, adverse events.
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Fig. 2. PFS and OS in patients with advanced HCC who received lenvatinib. a Comparing PFS in first- and sec-
ond- or later-line Child-Pugh class A patients (blue line: first line, red line: second or later-line). b Comparing 
OS in first- and second- or later-line Child-Pugh class A patients (blue line: first line, red line: second or later 
line). c Comparing PFS in a high burden of intrahepatic lesions and other Child-Pugh class A patients (blue 
line: high burden of intrahepatic lesions, red line: others). d Comparing OS in a high burden of intrahepatic 
lesions and other Child-Pugh class A patients (blue line: high burden of intrahepatic lesions, red line: others). 
e Comparing PFS in Child-Pugh classes A and B patients (blue line: Child-Pugh class A, red line: Child-Pugh 
class B). f Comparing OS in Child-Pugh classes A and B patients (blue line: Child-Pugh class A, red line: Child-
Pugh class B). PFS, progression-free survival.
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months (95% CI 9.2–19.2 months), respectively (p = 0.014; Fig. 2d). The median PFSs and OSs 
of the high burden of intrahepatic lesions group and the others with the whole population in 
our cohort are also demonstrated in online supplementary Figure 1c and d, respectively (PFS, 
high burden of intrahepatic lesions: 3.9, 95% CI 3.1–4.8 months, others: 5.3, 95% CI 4.3–6.2 
months, p = 0.169; OS, high burden of intrahepatic lesions: 6.0, 95% CI 4.9–7.2 months, others: 
14.2, 95% CI 9.0–19.4 months, p = 0.002). Lastly, the ORRs of the high burden of intrahepatic 
lesions group and others were 41 and 41%, respectively (Table 2).

We compared AE between the presence and absence of both previous systemic therapies 
(first vs. second or later line) and a high burden of intrahepatic lesions (online suppl. Table 
2). No remarkable differences were found in these analyses (Table 3).

Efficacy and Safety of Lenvatinib Focusing on Patients with Poor Liver Function
The median PFSs of Child-Pugh classes A and B were 5.1 months (95% CI 4.3–6.0 months) 

and 4.3 months (95% CI 3.5–5.0 months), respectively (p = 0.795; Fig. 2e). According to Child-
Pugh classes of A, and B, ORRs were 39 and 50%, respectively (Table 2). The median OSs of 
Child-Pugh classes A and B were 13.3 months (95% CI 9.8–16.9 months) and 8.1 months 
(95% CI 2.0–14.3 months), respectively (p = 0.167; Fig. 2f). Figure 3a indicates a correlation 
between albumin-bilirubin (ALBI) score and objective response. The median scores of ALBI 
did not significantly differ between patients with the absence and presence of achieving 
objective response (absent: –2.157, present: –2.241, p = 0.277). Similarly, the median scores 
of ALBI did not significantly differ between patients with PFS of < 4.8 and 4.8 months or more 
(PFS < 4.8 months: –2.186, ≥4.8 months: –2.233; p = 0.535; Fig. 3b). In contrast, the discon-
tinuation rate of lenvatinib due to AE was higher in patients with Child-Pugh scores of 7 
points or more when compared with those with Child-Pugh scores of 5 and 6 points (Child-
Pugh score 5: 9 patients [13%], score 6: 15 patients [24%], score ≥7: 10 patients [50%]). 
Similarly, when using ALBI score, patients who discontinued lenvatinib administration due 
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Fig. 3. Correlations of ALBI score and objective response (a), PFS (b), and discontinuation due to AE (c) in 
patients with advanced HCC. PFS, progression-free survival; AE, adverse events; ALBI, albumin-bilirubin.
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to AE showed significantly worse outcomes (absent: –2.252, present: –2.051; p = 0.026; 
Fig. 3c).

Table 3 indicates correlations of AE due to lenvatinib and liver function according to 
Child-Pugh classes. The rates of liver function-related AE due to lenvatinib (e.g., elevated AST, 
hepatic encephalopathy, and bilirubin elevation) were higher in Child-Pugh class B patients. 
Online supplementary Figure 2 shows the correlation of the common lenvatinib-related AE 
and ALBI score. We noted a strong correlation between liver function-related AE due to lenva-
tinib and ALBI score (online suppl. Fig. 2f, k, l). 

Table 4. Logistic regression analysis of the risk factors for hepatic encephalopathy during lenvatinib treatment in patients with 
advanced HCC

Variables Univariate analysis p 
value

Multivariate analysis p 
value

OR 95% CI OR 95% CI

Age, >73 years
Absent Reference
Present 0.843 0.328–2.169 0.724

Body weight, <60 kg
Absent Reference
Present 0.843 0.328–2.169 0.724

ECOG-PS >1
Absent Reference
Present 0.761 0.086–6.003 0.761

Child-Pugh score
5 Reference
6 8.160 1.748–38.095 0.008

>6 14.571 2.661–79.807 0.002
Baseline NH3 level, >UNL

Absent Reference Reference
Present 15.000 5.127–43.885 <0.001 5.575 1.676–18.542 0.005

Liver tumor volume, >50%
Absent Reference
Present 0.642 0.078–5.305 0.681

MVI
Absent Reference
Presence of MVI without both main portal 
invasion and bile duct invasion

1.962 0.570–6.754 0.285

Main portal invasion and/or 
bile duct invasion

1.051 0.216–5.119 0.951

EHM
Absent Reference
Present 0.883 0.330–2.362 0.804

Baseline AFP, >400 ng/mL
Absent Reference
Present 0.703 0.254–1.947 0.498

Detection of P-S shunt at the baseline radiological assessment
Absent Reference Reference
Present 10.568 3.273–34.127 <0.001 7.043 2.057–24.114 0.002

Pretreatment
Absent Reference
Present 3.195 0.404–25.286 0.271

Starting doses of lenvatinib, 12 mg
Absent Reference
Present 0.255 0.071–0.913 0.036

ECOG, Eastern Cooperative Oncology Group; PS, performance status; UNL, upper normal limitation; MVI, macrovascular invasion; 
EHM, extrahepatic metastasis; AFP, alfa-fetoprotein; P-S shunt, portosystemic shunt; HCC, hepatocellular carcinoma.
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Online supplementary Table 2 shows the list of patients who observed hepatic encepha-
lopathy during lenvatinib treatments. Of the 49 patients in whom P-S shunt was detected at 
the baseline examinations, 16 patients (33%) found hepatic encephalopathy. A multivariate 
logistic regression analysis confirmed that P-S shunt at the baseline radiological assessment 
and a serum NH3 level higher than upper normal limitation at the time of baseline were inde-
pendent risk factors of hepatic encephalopathy during treatment with lenvatinib (Table 4).

In the present study, 127 patients continued lenvatinib for > 8 weeks. We investigated the 
correlations of 8-week dose intensity of lenvatinib and liver function in this population 
(Fig. 4). Patients with a Child-Pugh score of 5 points had remarkable higher dose intensity 
relative to patients with a Child-Pugh score of 6 points or higher (Fig. 4a). Figure 4b indicates 
correlations between ALBI score and 8-week dose intensity in patients with advanced HCC 
who received lenvatinib.

Discussion

The present study confirmed the safety and efficacy of lenvatinib administration in patients 
with advanced HCC on the basis of Japanese real-world data. Our results demonstrated that 
lenvatinib has the potential to achieve a broader indication in patients with advanced HCC 
requiring second- or later-line therapy and having a high burden of intrahepatic lesions. On the 
contrary, the dose intensity of lenvatinib administration had a strong correlation with liver 
function according to both the Child-Pugh and ALBI scores. Taken together with the safety 
profile of lenvatinib in a poor liver function population, we should consider more careful 
management of lenvatinib in patients with advanced HCC depending on the liver function.
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Fig. 4. Correlations of Child-Pugh (a), ALBI scores (b), and 8-week dose intensity of lenvatinib in patients 
with advanced HCC. ALBI, albumin-bilirubin.
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In Japanese field practice, lenvatinib has been administered to patients with advanced 
HCC with no previous history of systemic therapy or to those who have failed or are refractory 
to one or more agents [22]. The ORR and PFS of lenvatinib in patients with advanced HCC in 
our cohort compared favorably with those of the REFLECT trial. We also found that ORR and 
PFS of the front-line population were nearly equal to those of the second- or later-line popu-
lation. These results were in concordance with the first report of lenvatinib administration in 
real-world practice by Hiraoka et al. [22]. Several recent articles have noted that more than 
half of patients who were administered sorafenib as first-line systemic therapy had the 
potential of converting to the following agent at the time of sorafenib failure or when they 
were refractory [23–26]. To date, 3 molecular target agents (i.e., regorafenib, cabozantinib, 
and ramucirumab) have improved OS in placebo-controlled phase III studies in a second- or 
later-line setting after sorafenib administration in patients with advanced HCC [15, 27, 28]. 
However, 2 of the 3 phase III trials (RESORCE trial: regorafenib vs. placebo, REACH-2 trial: 
ramucirumab vs. placebo) included only a limited beneficial population of second-line candi-
dates and patients with advanced HCC (i.e., RESORCE trial included only patients who 
confirmed progression and had tolerability of sorafenib, while REACH-2 trial included 
patients with AFP ≥400 mg/mL) [27, 28]. In practice, the candidate rates of regorafenib and 
ramucirumab appeared to be < 50% of patients who received sorafenib [23–26]. Namely, 
additional second-line agents after sorafenib administration have still been required. The PFS 
of the present study in second- or later-line patients stood in comparison with the results of 
3 phase III studies of a second-line setting. Taken together, lenvatinib has a strong potential 
to be a second- or later-line agent after sorafenib in patients with advanced HCC.

We also investigated the efficacy of lenvatinib administration in patients with advanced 
HCC with a high burden of intrahepatic lesions. In the REFLECT trial, this population was 
excluded from the study [17]. In the present cohort, the ORR of the high burden of intrahepatic 
lesions group was almost similar to that of the other study population. Although the PFS and 
the OS of the high burden of intrahepatic lesions group were shorter than those of others, we 
considered that patients with advanced HCC with a high burden of intrahepatic lesions should 
not be excluded from lenvatinib administration. Several studies have already reported that 
clinical outcomes of sorafenib in patients with advanced HCC with a high burden of intrahepatic 
lesions such as either macrovascular invasion and/or 50% or higher liver occupation were 
worse than in the “other” population. We indicated that the OS of lenvatinib administration in 
this high burden of intrahepatic lesions population withstood comparison with that of sorafenib 
administration [29–31]. For the next few decades, the incidence of HCC is expected to dramati-
cally increase, primarily in East and South Asia [32, 33]. In those regions, several cases of HCC 
are diagnosed at highly advanced stages [33]. Lenvatinib, which has a high expectation rate of 
ORR, may be a promising agent for use in patients with advanced HCC with a high burden of 
intrahepatic lesions. Although our study included a less number of patients with advanced HCC 
with a high burden of intrahepatic lesions, further prospective or large cohort retrospective 
studies should be required to confirm the safety and efficacy of lenvatinib in this group.

The present study supported the safety of lenvatinib, including among both Child-Pugh 
classes A and B patients with advanced HCC. The most frequently occurring AE due to lenvatinib 
administration were hypothyroidism (41%), anorexia (41%), and fatigue (38%), and the occur-
rence rates of these AE in the present research were higher than those in the REFLECT trial. Our 
results could not find a relationship between these AE and baseline liver function according to 
ALBI score (online suppl. Fig. 2). On the contrary, patients who were observed to have liver 
function-related AE had significantly worse baseline liver function according to their ALBI scores 
relative to patients who did not have any liver function-related AE. More importantly, we demon-
strated that the 8-week dose intensity of lenvatinib administration had a strong correlation with 
liver function according to both Child-Pugh and ALBI scores. An early-phase clinical trial of 
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lenvatinib showed that the drug was mainly eliminated by hepatic metabolism, while a dose-
finding study on lenvatinib for advanced HCC defined different recommended doses between 
Child-Pugh classes A and B patients [18, 34]. Our results also indicated that the 8-week dose 
intensity of patients with a Child-Pugh score of 6 points was significantly lower than that of 
patients with a Child-Pugh score of 5 points. On the basis of these findings, an increase in exposure 
to lenvatinib in patients with moderate to severe hepatic impairment is expected.

Since both the PFS and ORR of Child-Pugh class B patients in our cohort were concordant 
with that of Child-Pugh class A patients, it may be better to explore the possibility of using 
lenvatinib in poor liver function populations. Looking back at sorafenib for Child-Pugh class 
B patients, several reports published since sorafenib was approved have supported the safety 
and effectiveness of sorafenib in Child-Pugh class B patients [35, 36]. Nowadays, sorafenib is 
administered to Child-Pugh class B patients in real-world practice. However, our results 
suggested that Child-Pugh class B patients had high frequency rates of liver-related AE relative 
to Child-Pugh class A patients. Thus far, lenvatinib was not recommended for Child-Pugh class 
B patients under the existent circumstances. It is speculated that the doses of lenvatinib 
should be adjusted more delicately according to liver function. Further investigations for 
developing a model of adjusting the dose of lenvatinib to liver function are required for using 
lenvatinib in Child-Pugh class B patients. ALBI score seems to be useful for developing this 
model since it is a score based on a continuous variable [37]. 

In conclusion, lenvatinib is expected to be promising and beneficial for patients with 
advanced HCC requiring second- or later-line therapy and who have a high burden of intra-
hepatic lesions. On the contrary, we cannot recommend lenvatinib for Child-Pugh class B 
patients on the basis of the results of the present study. Since lenvatinib may be an unex-
pectedly sensitive drug affected by liver function, more attentive management of lenvatinib 
dose modification should be considered. Further research is required for confirming the 
effectiveness of the expanded indication of lenvatinib and to establish a methodology of safe 
lenvatinib administration in this patient population with poor liver function.
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