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Abstract

Aim
This study sought to clarify the usefulness of lenvatinib for patients with unresectable hepa-
tocellular carcinoma (HCC).

Methods

The subjects were 69 patients with HCC receiving lenvatinib; the median age was 73 years,
and 14 and 67 patients had been previously treated with regorafenib and/or sorafenib and
therapies without molecular-targeted agents, respectively. Therapeutic efficacy was evalu-
ated using contrast-enhanced CT images obtained 4—8 weeks after the start of lenvatinib
and the middle-term outcome using Kaplan-Meier method.

Results

The baseline Child-Pugh scores were 5, 6 and 7 in 31, 32 and 6 patients, respectively, and
the modified albumin-bilirubin (mALBI) grades were 1, 2a and 2b in 20, 20 and 29 patients,
respectively. The Barcelona Clinic Liver Cancer (BCLC) stages following downsizing after
prior treatment were A, B and C in 17, 22 and 30 patients, respectively. The therapeutic effi-
cacy was evaluated in 54 patients, and the percentages of patients achieving CR, PR, SD
and PD were 3.7%, 44.4%, 37.0%, and 14.8%, respectively. The ALBI scores deteriorated
significantly between 4 and 12 weeks after the start of therapy, compared with the baseline.
The cumulative survival rates at 48 weeks were significantly higher among patients achiev-
ing CR/PR (95.5%) than among those showing no response (54.3%). Multivariate analyses
revealed that the BCLC stages and the serum AFP levels were significantly associated with
therapeutic efficacy, while the mALBI grade was associated with the middle-term outcome.
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Conclusions

A favorable middle-term outcome was obtained in patients with HCC receiving lenvatinib,
especially in those manifesting grades 1/2a mALBI at baseline, despite the deterioration in
ALBI scores during treatment.

Introduction

Hepatocellular carcinoma (HCC) is the second leading cause of cancer death worldwide [1].
Molecular-targeted agents are recommended for the treatment of patients with well-preserved
liver function (Child-Pugh classification of A) when HCC progression is diagnosed as Barce-
lona Clinic Liver Cancer (BCLC) stages B or C [2]. These agents were also shown to be effective
for patients with BCLC stage B HCC who were refractory to transcatheter arterial chemoem-
bolization (TACE) [3]. According to the REFLECT trial, a global multicenter randomized
phase 3 trial, lenvatinib was shown to be not inferior to sorafenib when overall survival (OS)
was used as the primary endpoint for patients with unresectable HCC [4]. In this trial, the
objective response rate (ORR) was significantly higher among patients receiving lenvatinib
(40.6%) than among those receiving sorafenib (12.4%) based on a masked independent imag-
ing review using the modified Response Evaluation Criteria in Solid Tumors (mRECIST) [5].
In real-world practice, however, the OS rate (OSR) as well as the ORR and the relation between
OSR and ORR are uncertain. Moreover, possible adverse events including a deterioration in
liver function during lenvatinib administration remain to be elucidated. Thus, in the present
paper, the middle-term outcomes of patients at 12 months after the initiation of lenvatinib
were evaluated in relation to the short-term therapeutic efficacy assessed according to the
mRECIST.

Patients and methods
Patients and study design

The subjects were 69 patients with HCC receiving lenvatinib at Saitama Medical University
Hospital between March 2018 and June 2019. The demographic features and clinical charac-
teristics of the patients were evaluated retrospectively. The study was approved by the Institu-
tional Review Board of the Saitama Medical University Hospital (19080.01), and written
informed consent for lenvatinib administration was obtained from all the patients at the initia-
tion of treatment. Informed consent for the study was obtained in the form of opt-out consent
on the website of Saitama Medical University Hospital (http://www.saitama-med.ac.jp/
hospital/outline/irb_kouhou.html).

The extents of liver damage were assessed using the Child-Pugh classification and albumin-
bilirubin (ALBI) score and the modified ALBI (mALBI) grades [6], while the extent of HCC
progression was assessed according to the BCLC staging [2]. In patients receiving previous
TACE, TACE refractoriness was determined according to the criteria proposed by the Japan
Society of Hepatology (JSH) and the Liver Cancer Study Group of Japan [3, 7, 8].

Therapy using lenvatinib and evaluation of therapeutic efficacy and
adverse events

Lenvatinib (Eisai Co., Ltd, Tokyo, Japan) was administered once a day at a dose of 8 mg for
patients with a body weight of less than 60 kg, and at a dose of 12 mg for those with a body
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weight of 60 kg or more. The starting doses were reduced from 12 mg to 8 mg or from 8 mg to
4 mg in patients manifesting a Child-Pugh score of 7, and the doses were subsequently
increased to the standard doses according to body weight if adverse events did not appear. In
contrast, the doses were reduced or the therapies were discontinued when severe adverse
events appeared.

The early therapeutic efficacy was evaluated using contrast-enhanced CT images obtained
between 4 and 8 weeks after the initiation of lenvatinib therapy according to mRECIST, in
which tumor response are assessed as follows; CR: the disappearance of any intratumor arterial
enhancement in all target lesions, PR: at least a 30% decrease in the sum of diameters of viable
(enhancement in the arterial phase) target lesions, PD: an increase of at least 20% in the sum of
diameters of viable (enhancing) target lesions and SD: any cases that do not qualify for either
PR or PD [5]. Adverse events were assessed according to the Common Terminology Criteria
for Adverse Events (CTCAE), version 4.0, published by the National Cancer Institute [9].

Statistical analysis

The therapeutic efficacies of lenvatinib were compared among patients manifesting different
characteristics using the Fisher’s exact test. A multivariate logistic regression analysis was per-
formed to identify significant factors associated with early therapeutic efficacy. The Wilcoxon
signed-rank test was used to compare liver function at baseline and that during the therapies.
The time to tumor progression and the cumulative survival rates after the initiation of lenvati-
nib were calculated using the Kaplan-Meier method, followed by comparison using the log-
rank test. The factors associated with survival rates were also analyzed using the Cox propor-
tional hazard regression analysis. P values of less than 0.05 were considered statistically
significant.

Results
Demographic features and clinical characteristic of patients

The demographic features and clinical characteristics of 69 patients are shown in Table 1. The
patients consisted of 45 men and 24 women with a median age of 73 years ranging from 51 to
86 years. The baseline Child-Pugh scores were 5, 6 and 7 in 31 (44.9%), 32 (46.4%) and 6
patients (8.7%), respectively, and the baseline mALBI grades were 1, 2a and 2b in 20 (29.0%),
20 (29.0%) and 29 patients (42.0%), respectively.

Among the 69 patients, 67 patients (97.1%) had undergone previous treatments for HCC
that did not involve the use of molecular-targeted agents: liver resection had been performed
in 16 patients, radiofrequency ablation (RFA) had been performed in 24 patients, and TACE
and/or transcatheter arterial infusion chemotherapy (TAI) had been performed in 62 patients
including 21 patients who were subsequently diagnosed as having TACE refractoriness. More-
over, 14 patients had received previous therapies with molecular-targeted agents: 10 patients
had received sorafenib, and 4 patients had received sorafenib followed by regorafenib. HCC
progression at the initiation of lenvatinib was classified as BCLC stages A, B and Cin 17
(24.6%), 22 (31.9%) and 30 patients (43.5%), respectively. Among the 17 patients with BCLC
stage A HCC at baseline, lenvatinib therapy was performed in 2 patients who had achieved
HCC downsizing following partially successful TACE and/or TAI procedures done between 5
and 10 weeks before and in 14 patients who had not received RFA or surgical resection because
of tumor location or the extent of liver damage and/or the wishes of the patients. One treat-
ment-naive patient received lenvatinib therapy because of an underlying lung disease that pro-
hibited RFA, surgical resection and TACE using antineoplastic agents. Among the 22 patients
with stage B HCC, lenvatinib therapy was performed following ineffective or partially
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Table 1. Demographic features and clinical characteristics of 69 patients with hepatocellular carcinoma receiving
lenvatinib.

No. of patients (%)

Age: years old medium (range) 73 (51-86)
Sex men : women 45 (65) : 24 (35)
Etiology HCV : HBV : alcohol : others 37 (54):7 (10): 13 (19) :
12 (17)
Child-Pugh score 5:6:7 31 (45):32(46): 6 (9)
ALBI grade 1:2a:2b 20 (29) : 20 (29) : 29 (42)
BCLC stage A:B:C 17 (25) : 22 (32) : 30 (43)
Maximum tumor size (mm) medium (range) 28 (8-200)
Tumor multiplicity 1:2,3:4-9:>10 9(13):26(38):15(22):
19 (28)
Vp 0:1:2:3 51(74):7(10):2(3):9
(13)
Extrahepatic metastasis absent : present 56 (81):13(19)
AFP (ng/mL) <200 : >200 48 (70) : 21 (30)
Previous TACE/TAI therapy none : once : twice : 3 times or more 7(10):11 (16): 10 (14):
41 (59)
TACE refractoriness absent : present 41 (66) : 21 (34)
Previous therapies using molecular- none: sorafenib : regorafenib following 55 (80):10 (14): 4 (6)
targeted agents sorafenib

HCV: hepatitis C virus, HBV: hepatitis B virus, ALBI: albumin bilirubin, BCLC: Barcelona Clinic Liver Cancer, Vp;
tumor thrombosis in the portal vein, AFP: alpha-fetoprotein, TACE: transcatheter arterial chemoembolization, TAI:

transcatheter arterial infusion chemotherapy

https://doi.org/10.1371/journal.pone.0231427.t001

successful TACE and/or TAI in 21 patients done between 5 and 64 weeks before. Another
TACE-naive patient received lenvatinib therapy for recurrence after hepatectomy done 49
weeks before. Among 30 patients with stage C HCC, lenvatinib therapy was performed follow-
ing ineffective TACE and/TAI in 16 patients done between 3 and 27 weeks before. In all
patients receiving the prior therapies for HCC, CT and/or MRI examinations were done from
3 to 81 weeks later, and lenvatinib administration was initiated within 17 weeks after the exam-
inations. The extent of tumor thrombosis in the portal vein was classified as Vpl (segmentary),
Vp2 (secondary-order branch) and Vp3 (first-order branch) in 7, 2 and 9 patients, respectively.
Extrahepatic metastasis was present in 13 patients (18.8%).

Therapeutic efficacy of lenvatinib

Among the 69 patients, early therapeutic efficacy was only evaluated in 54 patients, since a
contrast-enhanced CT examination had not been done because of impaired renal function
and/or transfer to a regional hospital in 15 patients. The percentages of patients achieving CR,
PR, SD and PD were 3.7%, 44.4%, 37.0% and 14.8%, respectively (Table 2). Thus, the ORR,
which represents the total percentage of patients achieving a CR or PR, was 48.1%; the ORRs
were 75.0%, 63.2% and 21.7% in patients with BCLC stage A, B and C, respectively, and the
rates differed significantly depending on the extent of HCC progression (P = 0.001). Similarly,
the ORRs were significantly higher in patients without extrahepatic metastasis than in those
with metastasis (56.8% vs. 10.0%, P = 0.012) and in patients with serum AFP levels of <200
ng/mL than in those with levels >200 ng/mL (63.2% vs. 12.5%, P = 0.001), while it was not dif-
ferent between those with and those without portal vein tumor thrombosis (28.6% vs. 55.5%,
P =0.124). In contrast, early therapeutic efficacy did not differ depending on the ages of the
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Table 2. Early therapeutic efficacy of lenvatinib in patients with unresectable hepatocellular carcinoma (HCC) evaluated using contrast-enhanced Computed
Tomography (CT) performed between 4 and 8 weeks after lenvatinib initiation according to the modified Response Evaluation Criteria in Solid Tumors (mRE-
CIST) and factors associated with efficacy.

Univariate analysis Multivariate analysis
Number of patients (%) P values | Hazard ratio | 95% Confidence Interval | P values
Total CR PR SD PD -
Total 54 2(3.7) | 24 (44.4) | 20(37.0) | 8(14.8) -
Age: years <70 17 0 8(47.1) | 6(35.3) | 3(17.6) 0.999
>70 37 2(5.4) | 16 (43.2) | 14(37.8) | 5(13.5)
Etiology HCV 29 0 13 (44.8) | 9(31.0) | 7(24.1) | 0.785
Others 25 2(8.0) | 11(44.0) | 11 (44.0) | 1(4.0)
Child-Pugh score 5 25 | 1(4.0) | 14(56.0) | 6(24.0) | 4(16.0) | 0.172
6,7 29 | 1(3.4) | 10(34.5) | 14 (48.3) | 4 (13.8)
mALBI grade 1 16 0 9(56.3) | 5(31.3) | 2(12.5) | 0.554
2a, 2b 38 | 2(5.3) | 15(39.5) | 15(39.5) | 6 (15.8)
BCLC stages A 12 0 9 (75.0) 2 (16.7) 1(8.3) 0.001 6.64 1.70-25.87 0.006
B 19 | 2(105) | 10(52.6) | 5(26.3) | 2(10.5)
C 23 0 5(21.7) | 13(56.5) | 5(21.7) 1
Vp 0 40 2(5.0) | 20(50.0) | 11(27.5) | 7(17.5) | 0.124
1-3 14 0 4286) | 9(643) | 1(7.1)
Extrahepatic metastasis Absent 44 2(4.5) | 23(52.3) | 15(34.1) | 4(9.1) 0.012 - - -
Present 10 0 1(10.0) | 5(50.0) | 4 (40.0) -
AFP: ng/mL < 200 38 2(5.3) | 22(57.9) | 11(28.9) | 3(7.9) 0.001 10.45 1.87-58.51 0.008
> 200 16 0 2(12.5) | 9(56.3) | 5(31.3) 1
TACE, TAI Naive 5 0 2(40.0) | 1(20.0) | 2(40.0) | 0.999
Experienced 49 2(4.1) | 22(44.9) | 19(38.8) | 6(12.2)
TACE refractoriness 15 | 2(13.3) | 8(53.3) | 3(20.0) | 2(13.3) -
Molecular targeted agents | Naive 42 2(4.8) | 20(47.6) | 17 (40.5) | 3(7.1) 0.332
Experienced 12 0 4(33.3) | 3(25.0) | 5(41.7)

CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease, mALBI: modified albumin bilirubin, BCLC: Barcelona Clinic Liver Cancer, Vp;

tumor thrombosis in the portal vein, AFP: alpha-fetoprotein, TACE: transcatheter arterial chemoembolization, TAI: transcatheter arterial infusion chemotherapy

https://doi.org/10.1371/journal.pone.0231427.t002

patients and their liver functions, such as the Child-Pugh scores and mALBI grades. The ORR
was 49.0% in 49 patients receiving previous TACE and/or TAI and was 66.7% even in 15
patients diagnosed as having TACE refractoriness. In contrast, a CR was obtained in no
patients, and the ORR was 33.3% in 12 patients who received previous treatment with regora-
fenib and/or sorafenib.

A multivariate analysis revealed that BCLC staging and the baseline serum AFP level were
significant factors associated with early therapeutic efficacy, with odds ratios of 6.64 (A and B
vs. C; P =0.006) and 10.45 (<200 ng/mL vs. >200 ng/mL; P = 0.008) (Table 2), respectively.

The median time to tumor progression (TTP) in these 54 patients was 133 days (Fig 1A),
and did not differ among patients with BCLC stages A, B and C HCC (164, 117 and 186 days,
respectively (Fig 1B).

Liver function in patients receiving lenvatinib

Liver function during lenvatinib administration was evaluated in 57 patients, since 5 patients
were transferred to regional hospitals and treatment was discontinued because of adverse
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Fig 1. Cumulative non-progression rates using the Kaplan-Meier method in 54 patients in whom early
therapeutic efficacy was evaluated. a) The median time to tumor progression (TTP) was 133 days. b) TTP did not
differ depending on the Barcelona Clinic Liver Cancer (BCLC) stages. The median TTP were 164, 117 and 186 days in
patients with stages A, B and C HCC, respectively.

https://doi.org/10.1371/journal.pone.0231427.9001

events in 7 patients within 4 weeks after the initiation of lenvatinib. The median ALBI scores
had deteriorated significantly at 4 weeks after the initiation of lenvatinib (-2.01, range -2.90 to
-0.99), compared with the baseline scores (-2.42, range -3.16 to -1.40) (P<0.01), and the signif-
icant derangement persisted until 12 weeks; the median scores were -2.11 (-3.13 to -0.36) at 8
weeks and -2.13 (-2.99 to -0.39) at 12 weeks (Fig 2A). A similar deterioration was seen in
patients manifesting mALBI grade 1 at baseline (Fig 2B) as well as those manifesting mALBI
grades 2a and 2b (Fig 2C and 2D).
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Fig 2. Albumin-bilirubin (ALBI) scores in 57 patients with unresectable hepatocellular carcinoma (HCC)
receiving lenvatinib for at least 4 weeks. a) The median ALBI scores of patients had deteriorated significantly at 4
weeks (-2.01, range -2.90 to -0.99), 8 weeks (-2.11, range -3.13 to -0.36) and 12 weeks (-2.13, range -2.99 to -0.39) after
the initiation of lenvatinib, compared with the baseline values (-2.42, range -3.16 to -1.40) (P<0.01). A similar
deterioration was seen in patients manifesting modified ALBI (mALBI) grades 1, 2a and 2b at baseline. The median
ALBI scores at baseline and at 4, 8 and 12 weeks after the initiation of lenvatinib were -2.87 (-3.16 to -2.65), -2.50 (-2.90
to -1.57), -2.53 (-3.13 to -0.54) and -2.60 (-2.96 to -1.93) in patients manifesting mALBI grade 1 (b), -2.44 (-2.56 to
-2.30), -2.26 (-2.61 to -1.37), -2.19 (-2.76 to -1.58) and -2.21 (-2.99 to -1.14) in patients manifesting mALBI grade 2a
(c), and -1.91 (-2.27 to -1.40), -1.56 (-2.11 to -0.99), -1.47 (-2.14 to -0.36) and -1.39 (-2.39 to -0.39) in patients
manifesting mALBI grade 2b (d), respectively. *P<0.01 vs. baseline.

https://doi.org/10.1371/journal.pone.0231427.g002
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Fig 3. Cumulative survival rates of 69 patients with unresectable hepatocellular carcinoma (HCC) receiving
lenvatinib as evaluated using the Kaplan-Meier method. a) The cumulative overall survival rates after the initiation
of lenvatinib were 88.5% at 24 weeks and 73.9% at 48 weeks. b) The rates did not differ between patients with
Barcelona Clinic Liver Cancer (BCLC) stages A and B HCC and those with stage C HCC. c) The rates in patients with
modified albumin-bilirubin (mALBI) grade 1 and grade 2a at baseline were 90.9% at 48 weeks; these values were
significantly higher than the rate in patients with mALBI grade 2b at baseline (46.6%) (P<0.01). d) The rates differed
depending on the early therapeutic efficacies; the rates at 24 and 48 weeks were significantly higher in patients
achieving CR and PR (95.5% and 95.5%, respectively) than in those showing no response (84.0% and 54.3%,
respectively) (P<0.01).

https://doi.org/10.1371/journal.pone.0231427.9003

Outcome of patients receiving lenvatinib

The cumulative OSRs at 24 and 48 weeks after the initiation of lenvatinib were 88.5% and
73.9%, respectively (Fig 3A). The cumulative survival rates did not differ between patients with
stages A and B HCC and those with stage C HCC (Fig 3B). Similarly, the rates did not differ
between patients with and those without tumor thrombosis in the portal vein, those with and
those without extrahepatic metastasis, and those with serum AFP levels <200 ng/mL and those
with levels >200 ng/mL (Table 3). In contrast, the rates differed depending on liver function at
baseline (Fig 3C); the rates at 48 weeks were 90.9% in patients manifesting mALBI grade 1 and
grade 2a, and these values were significantly higher than the rate in patients manifesting mALBI
grade 2b (46.6%) (P<0.01). Moreover, the outcomes of patients differed depending on the early
therapeutic efficacy of lenvatinib as evaluated using contrast-enhanced CT between 4 and 8
weeks after the initiation of lenvatinib; the rates at 24 and 48 weeks were 95.5% and 95.5%,
respectively, in patients achieving CR or PR, and both rates were significantly higher than the
rates in those showing no response (84.0% and 54.3%, respectively; P<0.01) (Fig 3D).

The Cox proportional hazard regression method revealed that the mALBI grade was the
only factor that was significantly associated with the cumulative OSRs of patients, with a haz-
ard ratio of 0.16 (grades 1 and 2a vs. 2b; P = 0.006), while early therapeutic efficacy tended to
be associated, with a hazard ratio of 0.14 (CR and PR vs. no response, P = 0.062) (Table 3).

Adverse events

The adverse events seen during lenvatinib administration are shown in Table 4. Hypothyroid-
ism was seen in 55 patients (81%), followed by proteinuria in 38 patients (55%), appetite loss
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Table 3. Cumulative survival rates of patients with unresectable hepatocellular carcinoma (HCC) receiving lenvatinib and factors associated with patient outcome.

Kaplan Meier method Cox proportional hazard regression analysis
Cumulative Survival rates (%) P values Hazard ratio 95% Confidence Interval P values
Total 24 weeks 48 weeks
Total 69 88.5 73.9 -
Age: years <70 23 84.6 76.2 0.79
> 70 46 90.2 72.7
Etiology HCV 37 91.5 68.2 0.99
Others 32 84.5 84.5
Child-Pugh score 5 31 100 86.9 0.01 - - -
6,7 38 78.6 63.1 -
mALBI grade 1,2a 40 100 90.9 <0.01 0.16 0.04-0.59 0.006
2b 29 72.6 46.6 1
BCLC stages A 17 100 71.4 0.09
B 22 95.0 76.7
C 30 76.3 70.4
Vp 0 50 93.3 76.8 0.41
1-3 19 74.2 64.9
Extrahepatic metastasis Absent 56 89.9 71.3 0.37
Present 13 81.8 81.8
AFP: ng/mL < 200 48 93.2 74.0 0.10
> 200 21 73.9 73.9
TACE, TAI Naive 7 83.3 83.3 0.94
Experienced 62 89.1 73.3
TACE refractoriness 21 90.5 70.4
Molecular targeted agents Naive 55 89.4 73.3 0.72
Experienced 14 84.6 74.0
Early efficacy CR, PR 26 95.5 95.5 <0.01 0.14 0.02-1.10 0.062
no response 43 84.0 54.3 1

mALBI: modified albumin bilirubin, BCLC: Barcelona Clinic Liver Cancer, Vp; tumor thrombosis in the portal vein, AFP: alpha-fetoprotein, TACE: transcatheter
arterial chemoembolization, TAI: transcatheter arterial infusion chemotherapy, CR: complete response, PR: partial response, SD: stable disease, PD: progressive disease.

https://doi.org/10.1371/journal.pone.0231427.t003

in 36 patients (52%), general fatigue in 31 patients (44%) and hand-foot syndrome in 28
patients (41%). Percentages of patients manifesting CTCAE grade 3 adverse events were 7%
for thrombocytopenia and elevated aspartate aminotransferase, 5% for ascites, 4% for hepatic
encephalopathy and increase of serum bilirubin and creatinine, 3% for appetite loss, decrease
of serum albumin and proteinuria and 1% for general fatigue and hypothyroidism. Patients
manifesting grade 4 adverse events were absent.

Representative cases

A 78-year-old male patient with alcoholic liver cirrhosis was referred to our hospital for recur-
rence of HCC. He received hepatic left lateral segmentectomy 11 months ago, but multiple
HCC recurrence occurred in the whole residual liver (Fig 4A). Contrast-enhanced CT images
obtained 5 weeks after the initiation of lenvatinib therapy revealed decrease in diameters of
enhancement lesions in the arterial phase, and the early therapeutic efficacy was diagnosed as
PR (Fig 4B).

A 83-year-old male patient was referred to our hospital for the therapy of large HCC
with a diameter of 130 mm. He received transcatheter arterial embolization (TAE) using
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Table 4. Adverse events seen during lenvatinib administration in patients with unresectable hepatocellular carcinoma (HCC).

Number of patients (%)

Characteristics Total Grading (CTCAE version 4)

1 2 3 4
Hand-foot syndrome 28 (41%) 24 (38%) 4 (5%) 0 0
Rash 5(7%) 2 (3%) 3 (4%) 0 0
Diarrhea 11 (15%) 9 (13%) 2 (2%) 0 0
Decreased appetite / Nausea 36 (52%) 14 (20%) 20 (29%) 2 (3%) 0
General fatigue 31 (44%) 20 (29%) 10 (14%) 1(1%) 0
Ascites 10 (14%) 3 (4%) 3 (4%) 4 (5%) 0
Hypertension 20 (28%) 4 (5%) 16 (23%) 0 0
Hepatic encephalopathy 8 (11%) 3 (4%) 2 (3%) 3 (4%) 0
Decreased neutrophil count 11 (15%) 3 (4%) 8 (11%) 0 0
Anemia 10 (14%) 5(7%) 5(7%) 0 0
Thrombocytopenia 18 (25%) 6 (8%) 7 (10%) 5(7%) 0
Increased blood bilirubin 18 (25%) 4 (5%) 11 (16%) 3 (4%) 0
Elevated aspartate aminotransferase 19 (27%) 11 (16%) 3 (4%) 5(7%) 0
Decreased serum albumin 27 (39%) 13 (20%) 12 (17%) 2 (3%) 0
Increased serum creatinine 10 (14%) 5 (7%) 2 (3%) 3 (4%) 0
Hypothyroidism 55 (81%) 20 (30%) 34 (49%) 1(1%) 0
Proteinuria 38 (55%) 27 (40%) 9(13%) 2 (3%) 0

https://doi.org/10.1371/journal.pone.0231427.t1004

microspheres for volume reduction of HCC. Contrast-enhanced CT images obtained 4 weeks
after TAE revealed multiple enhanced lesions remained within the HCC nodule (Fig 5A). A
CT examination performed 4 weeks following lenvatinib initiation revealed decrease of the

Fig 4. Contrast- enhanced CT imaging in the arterial phase of a 78-year-old male patient with recurrent HCC. a)
Multiple HCC are seen in the whole liver before administration of lenvatinib. b) Enhancement lesions are decreased in
diameters at 5 weeks after the initiation of lenvatinib.

https://doi.org/10.1371/journal.pone.0231427.g004
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Fig 5. Contrast-enhanced CT imaging in the arterial phase of a 83-year-old male patient with large HCC. a)
Multiple enhanced lesions are seen within the HCC nodule before administration of lenvatinib, despite TAE using
microspheres was performed. b) The enhancement lesions are decreased in diameters at 4 weeks after the initiation of
lenvatinib.

https://doi.org/10.1371/journal.pone.0231427.g005

enhancement lesions in diameters (Fig 5B), and the early therapeutic efficacy was diagnosed as
PR.

Discussion

In the present study, the ORR in patients receiving lenvatinib as assessed using mRECIST
based on contrast-enhanced CT imaging performed between 1 and 2 months after the initia-
tion of treatment was 48.1%, and this value was similar to the value (40.6%) obtained in the
REFLECT trial [4]. Similar results were obtained in real-world practice; Hiraoka et al. reported
that based on observations made in a small cohort, a CR or PR was achieved in 40.7% of
patients with unresectable HCC at 4 weeks after the initiation of lenvatinib [10]. In our cohort,
the early therapeutic efficacies differed depending on the extent of HCC progression. The
ORR was 63.2% in 19 patients with BCLC stage B HCC, while it was 21.7% in 23 patients with
BCLC stage C HCC; the former value was equivalent to that of patients enrolled in the
REFLECT trial, in which an ORR was achieved in 61.3% of the patients with BCLC stage B
HCC [4]. An excellent therapeutic efficacy, as shown by an ORR of 75.0%, was also obtained
in patients with BCLC stage A HCC receiving lenvatinib in whom those following downsizing
of tumor volume by prior TACE and/or TAI were included, and an ORR of 66.7% was
obtained even for patients with TACE refractoriness. These data suggest that lenvatinib may
have an excellent early therapeutic efficacy in patients with intermediate stage HCC as a sec-
ond-line therapy following TACE and/or TAI even if the prior therapies are ineffective.
According to the criteria proposed by the JSH and the Liver Cancer Study Group of Japan
[3,7, 8], TACE refractoriness is defined as the progression of HCC even after 2 or more conse-
cutive TACE procedures in which the switching of antineoplastic agents and/or a reevaluation
of the feeding arteries was adopted. Thus, in general, second-line therapies after TACE and/or
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TAI are performed after at least two previous procedures that were ineffective. However, Hir-
aoka et al. reported that repeated TACE procedures can lead to a deterioration of liver function
[11]; following each TACE procedure, the Child-Pugh scores had worsened to grade B in 9%-
14% of patients who had been classified as grade A at baseline. We previously reported that the
response rate of TACE using miriplatin was lower in patients receiving the procedure follow-
ing unsuccessful TACE using antineoplastic agents other than miriplatin, compared with
those receiving the procedure without prior TACE procedures [12]. Thus, in clinical practice,
chemotherapy using lenvatinib is recommended to be performed without unnecessary TACE
and/or TAI procedures in patients with intermediate stage HCC in whom TACE refractoriness
is suspected based on their clinical features [13, 14], similar to chemotherapy using sorafenib
[7]. This matter should be confirmed in the future studies. In the present study, a multivariate
analysis revealed that serum AFP levels of less than 200 ng/mL as well as BCLC stages A and B
were significant factors that were independently associated with the early therapeutic efficacy
of lenvatinib. The significance of serum AFP levels has also been shown in treatment using sor-
afenib [15], since the tumor control rate is higher in patients with low serum AFP levels than
in those with high serum AFP levels. Considering these observations, chemotherapy using len-
vatinib merits consideration especially in patients with BCLC stage B HCC manifesting as low
serum AFP levels prior to TACE and/or TAI procedures.

In the present study, the relation between objective response rates and survival outcome
were evaluated in patients receiving lenvatinib, which were not clarified in the REFLECT trial
and the previous study regarding the real-world practice [4, 10]. As shown in Table 3, the early
therapeutic efficacy of lenvatinib therapy assessed using mRECIST was a significant factor
associated with the cumulative survival rates of patients until 48 weeks after the initiation of
lenvatinib in a univariate analysis and tended to also be associated with the middle-term out-
come in the multivariate analysis. The EASL clinical practice guidelines recommend that the
early therapeutic efficacies of loco-regional therapies for HCC be evaluated using mRECIST
[2], and a meta-analysis revealed that the therapeutic efficacy according to mRECIST was a
prognostic factor that was independently associated with the cumulative survival rates of
patients receiving loco-regional therapies [16]. Moreover, early therapeutic efficacy according
to mRECIST has been shown to be associated with the outcome of patients with unresectable
HCC receiving sorafenib; the cumulative survival rates were higher in responders than in non-
responders [17-20], and the SILIUS study, a prospective comparative study, revealed that the
median survival duration of responders was 27.2 months, which was significantly longer than
that in non-responders (8.9 months) [21]. These observations were in line with those made in
the present study evaluating patients receiving lenvatinib.

In the present study, liver function evaluated using the mALBI grade was also crucial to
determine the cumulative survival rates of patients with unresectable HCC receiving lenvatinib
therapy. The cumulative survival rate was 100% in patients manifesting a mALBI grade 1 at
baseline, and the impact of the mALBI grade on the middle-term outcome was similar to the
early therapeutic efficacy of lenvatinib; the hazard ratios were 0.16 for mALBI grade (grades 1
and 2a vs. grade 2b) and 0.14 for early therapeutic efficacy (CR and PR vs. no response). Simi-
lar results were obtained in patients receiving chemotherapy using sorafenib for unresectable
tumors [22, 23], regorafenib following sorafenib [24], and sequential therapies including len-
vatinib [25]. These observations also prompted us to recommend that patients, in whom
TACE refractoriness might be present receive chemotherapy using lenvatinib without receiv-
ing unnecessary TACE and/or TAI procedures. Of note, however, the liver function assessed
using the ALBI scores deteriorated even in patients receiving lenvatinib during the 12 weeks of
therapy, as shown in Fig 1. The impact of such an early deterioration in the ALBI scores on the
long-term outcomes of patients should be investigated in the future.
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As shown in Table 4, among various adverse events seen in patients receiving lenvatinib,
hypothyroidism was the most frequent event, followed by proteinuria, appetite loss and gen-
eral fatigue. Percentages of patients manifesting these events were higher than those shown in
the REFLECT trial [4], while percentages of patients manifesting CTCAE grade 3 or more
adverse events were in line with the trial.

The present study was done retrospectively in a single institute subjected for a small num-
ber cohort without a control group. Although early therapeutic efficacy of lenvatinib and the
middle-term outcome of the patients were evaluated, effects of both outcome on the long-term
outcome of patients were not clarified. Moreover, the heterogeneity of duration between the
prior therapies and lenvatinib administration, number of the prior therapies and duration of
CT and/or MRI examinations after the prior therapies may affect the middle-term outcome of
patients. These limitations should be clarified prospectively in a multi-centric study subjected
to large number cohort in the future.

In conclusion, chemotherapy using lenvatinib produced a high ORR in patients with BCLC
stage B HCC or stage A HCC following prior TACE and/or TAI procedures, especially in
those manifesting low serum AFP levels, and a favorable middle-term outcome was obtained
in patients with mALBI grades 1 and 2a at baseline when they achieved a CR or PR according
to mRECIST after between 4 and 8 weeks of therapy.

Author Contributions

Data curation: Akira Fuchigami, Yukinori Imai, Yoshihito Uchida, Hiroshi Uchiya, Yohei
Fujii, Manabu Nakazawa, Satsuki Ando, Kayoko Sugawara, Nobuaki Nakayama, Tomoaki
Tomiya, Satoshi Mochida.

Writing - original draft: Akira Fuchigami, Yukinori Imai, Yoshihito Uchida, Hiroshi Uchiya,
Satoshi Mochida.

References

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and mortal-
ity worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int J Cancer2015; 136:
E359-E386. https://doi.org/10.1002/ijc.29210 PMID: 25220842

2. European Association for the Study of the Liver. EASL clinical practice guidelines: management of
hepatocellular carcinoma. J Hepatol2018; 69: 182—-236. https://doi.org/10.1016/j.jhep.2018.03.019
PMID: 29628281

3. Kudo M, Matsui O, Izumi N, lijima H, Kadoya M, Imai Y, et al. JSH consensus-based clinical practice
guidelines for the management of hepatocellular carcinoma: 2014 update by the Liver Cancer Study
Group of Japan. Liver Cancer2014; 3: 458-468. https://doi.org/10.1159/000343875 PMID: 26280007

4. Kudo M, Finn RS, Qin S, Han KH, lIkeda K, Piscaglia F, et al. Lenvatinib versus sorafenib in first-line
treatment of patients with unresectable hepatocellular carcinoma: a randomized phase 3 non-inferiority
trial. Lancet2018; 391: 1163—1173. https://doi.org/10.1016/S0140-6736(18)30207-1 PMID: 29433850

5. Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin
Liver Dis 2010; 30: 52—60. https://doi.org/10.1055/s-0030-1247132 PMID: 20175033

6. Hiraoka A, Michitaka K, Kumada T, Izumi N, Kadoya M, Kokudo N, et al. Validation and potential 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 cancer2017; 6:
625-636.

7. Arizumi T, Ueshima K, Chishina H, Kono M, Takita M, Kitai S et al. Validation of the criteria of transcath-
eter arterial chemoembolization failure or refractoriness in patients with advanced hepatocellular carci-
noma proposed by LCSGJ. Oncology 2014; 87: 32—36. https://doi.org/10.1159/000368143 PMID:
25427731

8. The Japan Society of Hepatology. Clinical Practice Guideline for Hepatocellular Carcinoma 2013. http://
www.jsh.or.jp/English/examination_en

PLOS ONE | https://doi.org/10.1371/journal.pone.0231427  April 10, 2020 12/13


https://doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/pubmed/25220842
https://doi.org/10.1016/j.jhep.2018.03.019
http://www.ncbi.nlm.nih.gov/pubmed/29628281
https://doi.org/10.1159/000343875
http://www.ncbi.nlm.nih.gov/pubmed/26280007
https://doi.org/10.1016/S0140-6736(18)30207-1
http://www.ncbi.nlm.nih.gov/pubmed/29433850
https://doi.org/10.1055/s-0030-1247132
http://www.ncbi.nlm.nih.gov/pubmed/20175033
https://doi.org/10.1159/000368143
http://www.ncbi.nlm.nih.gov/pubmed/25427731
http://www.jsh.or.jp/English/examination_en
http://www.jsh.or.jp/English/examination_en
https://doi.org/10.1371/journal.pone.0231427

PLOS ONE

Usefulness of lenvatinib for HCC

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

National Cancer Institute. Protocol development. Cancer therapy evaluation program. https://ctep.
cancer.gov/protocolDevelopment/electronic_applications/ctc.htm

Hiraoka A, Kumada T, Kariyama K, Takaguchi K, ltobayashi E, Shimada N, et al. Therapeutic potential
of lenvatinib for unresectable hepatocellular carcinoma in clinical practice: Multicenter analysis. Hepatol
Res2019; 49: 111-117. https://doi.org/10.1111/hepr.13243 PMID: 30144256

Hiraoka A, Kumada T, Kudo M, Hirooka M, Koizumi Y, Hiasa Y, et al. Hepatic function during repeated
TACE procedures and prognosis after introducing sorafenib in patients with unresectable hepatocellular
carcinoma: multicenter analysis. Dig Dis 2017; 35: 602—-610. https://doi.org/10.1159/000480256 PMID:
29040999

Imai Y, Chikayama T, Nakazawa M, Watanabe K, Ando S, Mizuno Y, et al. Usefulness of miriplatin as
an anticancer agent for transcatheter arterial chemoembolization in patients with unresectable hepato-
cellular carcinoma. J Gastroenterol 2012: 47:179-186. https://doi.org/10.1007/s00535-011-0475-x
PMID: 21976133

Arizumi T, Minami T, Chishima H, Kono M, Takita M, Yada N, et al. Time to transcatherter arterial che-
moembolization refractoriness in patients with hepatocellular carcinoma in Kinki criteria stages B1 and
B2. Dig Dis 2017; 35: 589-597. https://doi.org/10.1159/000480208 PMID: 29040992

Katayama K, Imai T, Abe Y, Nawa T, Maeda N, Nakanishi K, et al. Number of nodules but not size of
hepatocellular carcinoma can predict refractoriness to transarterial chemoembolization and poor prog-
nosis. J Clin Med Res 2018; 10: 765-771. https://doi.org/10.14740/jocmr3559w PMID: 30214648

Kaneko S, Furuse J, Kudo M, Ikeda K, Honda M, Nakamoto Y, et al. Guideline on the use of new anti-
cancer drugs for the treatment of hepatocellular carcinoma 2010 update. Hepatol Res 2012; 42: 523—
542. https://doi.org/10.1111/j.1872-034X.2012.00981.x PMID: 22568457

Vincenzi B, Di Maio M, Silletta M, D’Onofrio L, Spoto C, Piccirillo MC et al. Prognostic relevance of
objective response according to EASL criteria and mRECIST criteria in hepatocellular carcinoma
patients treated with loco-regional therapies: a literature-based meta-analysis. PloS One 2015; 10:
e€0133488. https://doi.org/10.1371/journal.pone.0133488 PMID: 26230853

Ronot M, Bouattour M, Wassermann J, Bruno O, Dreyer C, Larroque B, et al. Alternative response crite-
ria (Choi, European association for the study of the liver, and modified response evaluation criteria in
solid tumors [RECIST]) versus RECIST 1.1 in patients with advanced hepatocellular carcinoma treated
with sorafenib. Oncologist2014; 19: 394—402. https://doi.org/10.1634/theoncologist.2013-0114 PMID:
24652387

Arizumi T, Ueshima K, Chishina H, Kono M, Takita M, Kitai S, et al. Duration of stable disease is associ-
ated with overall survival in patients with advanced hepatocellular carcinoma treated with sorafenib. Dig
Dis 2014; 32: 705-710. https://doi.org/10.1159/000368006 PMID: 25376287

Edeline J, Boucher E, Rolland Y, Vauléon E, Pracht M, Perrin C, et al. Comparison of tumor response
by response evaluation criteria in solid tumors (RECIST) and modified RECIST in patients treated with
sorafenib for hepatocellular carcinoma. Cancer2012; 118: 147—-156. https://doi.org/10.1002/cncr.
26255 PMID: 21713764

Takada J, Hidaka H, Nakazawa T, Kondo M, Numata K, Tanaka K et al. Modified response evaluation
criteria in solid tumors is superior to response evaluation criteria in solid tumors for assessment of
response to sorafenib in patients with advanced hepatocellular carcinoma. BMC Res Notes 2015; 8:
609. https://doi.org/10.1186/s13104-015-1565-2 PMID: 26502722

Kudo M, Ueshima K, Yokosuka O, Ogasawara S, Obi S, Izumi N, et al. Sorafenib plus low-dose cisplatin
and fluorouracil hepatic arterial infusion chemotherapy versus sorafenib alone in patients with advanced
hepatocellular carcinoma (SILIUS): a randomized, open label, phase 3 trial. Lancet Gastroenterol
Hepatol2018; 3: 424—-432. https://doi.org/10.1016/52468-1253(18)30078-5 PMID: 29631810

Ogasawara S, Chiba T, Ooka Y, Suzuki E, Kanogawa N, Saito T, et al. Liver function assessment
according to the albumin-bilirubin (ALBI) grade in sorafenib-treated patients with advanced hepatocellu-
lar carcinoma. Invest New Drugs 2015; 33: 1257—-1262. https://doi.org/10.1007/s10637-015-0292-9
PMID: 26462681

Tada T, Kumada T, Toyoda H, Tsuji K, Hiraoka A, Michitaka K, et al. Impact of albumin-bilirubin grade
on survival in patients with hepatocellular carcinoma who received sorafenib: An analysis using time-

dependent receiver operating characteristics. J Gastroenterol Hepatol2019; 34: 1066—1073. https:/

doi.org/10.1111/jgh.14564 PMID: 30549320

Yukimoto A, Hirooka M, Hiraoka A, Michitaka K, Ochi H, Joko K, et al. Using ALBI score at the start of
sorafenib treatment to predict regorafenib treatment candidates in patients with hepatocellular carci-
noma. Jpn J Clin Oncol2019; 49: 42—47. https://doi.org/10.1093/jjco/hyy153 PMID: 30380075

Hiraoka A, Kumada T, Atsukawa M, Hirooka M, Tsuiji K, Ishikawa T, et al. Important clinical factors in
sequential therapy including lenvatinib against unresectable hepatocellular carcinoma. Oncology 2019;
Jul 15: 1-9. https://doi.org/10.1159/000501281 [Epub ahead of prinf]. PMID: 31307035

PLOS ONE | https://doi.org/10.1371/journal.pone.0231427  April 10, 2020 13/13


https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
https://doi.org/10.1111/hepr.13243
http://www.ncbi.nlm.nih.gov/pubmed/30144256
https://doi.org/10.1159/000480256
http://www.ncbi.nlm.nih.gov/pubmed/29040999
https://doi.org/10.1007/s00535-011-0475-x
http://www.ncbi.nlm.nih.gov/pubmed/21976133
https://doi.org/10.1159/000480208
http://www.ncbi.nlm.nih.gov/pubmed/29040992
https://doi.org/10.14740/jocmr3559w
http://www.ncbi.nlm.nih.gov/pubmed/30214648
https://doi.org/10.1111/j.1872-034X.2012.00981.x
http://www.ncbi.nlm.nih.gov/pubmed/22568457
https://doi.org/10.1371/journal.pone.0133488
http://www.ncbi.nlm.nih.gov/pubmed/26230853
https://doi.org/10.1634/theoncologist.2013-0114
http://www.ncbi.nlm.nih.gov/pubmed/24652387
https://doi.org/10.1159/000368006
http://www.ncbi.nlm.nih.gov/pubmed/25376287
https://doi.org/10.1002/cncr.26255
https://doi.org/10.1002/cncr.26255
http://www.ncbi.nlm.nih.gov/pubmed/21713764
https://doi.org/10.1186/s13104-015-1565-2
http://www.ncbi.nlm.nih.gov/pubmed/26502722
https://doi.org/10.1016/S2468-1253(18)30078-5
http://www.ncbi.nlm.nih.gov/pubmed/29631810
https://doi.org/10.1007/s10637-015-0292-9
http://www.ncbi.nlm.nih.gov/pubmed/26462681
https://doi.org/10.1111/jgh.14564
https://doi.org/10.1111/jgh.14564
http://www.ncbi.nlm.nih.gov/pubmed/30549320
https://doi.org/10.1093/jjco/hyy153
http://www.ncbi.nlm.nih.gov/pubmed/30380075
https://doi.org/10.1159/000501281
http://www.ncbi.nlm.nih.gov/pubmed/31307035
https://doi.org/10.1371/journal.pone.0231427

