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What Can Be Done to Solve the Unmet Clinical 
Need of Hepatocellular Carcinoma Patients 
following Lenvatinib Failure?
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Abstract
Background/Aim: An effective postprogression treatment of 
lenvatinib (LEN) against unresectable hepatocellular carcino-
ma (u-HCC) has not been established. We aimed to elucidate 
the clinical role of continuing LEN beyond progression of dis-
ease (PD). Methods: From March 2018 to October 2020, 99 

u-HCC patients, in whom PD was confirmed (male:female = 
78:21, median age 72 years, Child-Pugh A = 99, Barcelona Clin-
ic Liver Cancer stage A:B:C = 2:43:54, LEN as first-line = 55), 
were enrolled (stopped LEN at PD [A group], n = 26; continued 
LEN beyond PD [B group], n = 73). Radiological response was 
evaluated with RECIST 1.1. Clinical features and prognostic 
factors for overall survival (OS) were retrospectively investi-
gated using inverse probability weighting (IPW) calculated by 
propensity score. Results: Median time to progression, best 
response, and modified albumin-bilirubin grade (mALBI) at 
both baseline and PD did not show significant difference be-
tween the groups. Postprogression treatment in the A group 
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was best supportive care in 17, sorafenib in 4, regorafenib in 
3, ramucirumab in 1, and hepatic arterial infusion chemother-
apy in 1. After adjusting with IPW, the B group showed better 
prognosis in regard to OS after PD and OS after introducing 
LEN than the A group (10.8/19.6 vs. 5.8/11.2 months, p < 0.001, 
respectively). In IPW-adjusted Cox hazard multivariate analy-
sis, significant prognostic factors for OS after PD were mALBI 
2b/3 at PD (HR 1.983, p = 0.021), decline of Eastern Coopera-
tive Oncology Group performance status (ECOG PS) from 
baseline at PD (HR 3.180, p < 0.001), elevated alpha-fetopro-
tein (≥100 ng/mL) at introducing LEN (HR 2.511, p = 0.004), 
appearance of new extrahepatic metastasis (HR 2.396, p = 
0.006), positive for hand-foot skin reaction (HFSR) before PD 
(any grade) (HR 0.292, p < 0.001), and continuing LEN beyond 
PD (HR 0.297, p < 0.001). Conclusion: When ECOG PS and he-
patic reserve function permit, continuing LEN treatment be-
yond PD, especially in u-HCC patients showed HFSR during 
LEN treatment, might be a good therapeutic option, at least 
until a more effective drug as a postprogression treatment 
after LEN failure is developed. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the most common 
primary malignancy of the liver and fifth most common 
malignancy worldwide [1]. Sorafenib (SOR) [2] and rego-
rafenib (REG) [3] have been developed as powerful mo-
lecular targeting agents (MTAs) for patients with unre-
sectable HCC (u-HCC), and Terashima reported that 
postprogression survival was highly correlated with over-
all survival (OS) in advanced HCC patients treated with 
SOR [4]. Prior to introduction of lenvatinib (LEN) in 
March 2018 [5], there had been no established postpro-
gression treatment protocol for use after REG failure and 
no treatment established for patients who showed SOR 
intolerability. Since that time, LEN has been shown in 
clinical practice in Japan to be useful not only as first-line 
but also as second- and even third-line treatment [6, 7]. 
Nevertheless, establishment of new effective postprogres-
sion treatments are needed to obtain better improvement 
of prognosis for patients with u-HCC. At the time of writ-
ing, though ramucirumab (RAM) [8, 9] become approved 
in Japan as an additional MTA drug in June 2019, no oth-
er effective postprogression treatment after LEN failure 
has been established. The present study aimed to eluci-
date the clinical role of continuing LEN beyond first pro-
gression of disease (PD) as an alternative therapeutic 
method in real-world clinical practice.

Materials and Methods

This is a report of multicenter analysis results of 183 u-HCC 
patients with serial radiological assessment imaging data obtained 
from March 2018 to October 2020 at 11 different institutions 
(Ehime Prefectural Central Hospital, Himeji Red Cross Hospital, 
Okayama City Hospital, Kagawa Prefectural Central Hospital, 
Kagawa University Hospital, Saiseikai Niigata Hospital, Mat-
suyama Red Cross Hospital, Nippon Medical School Hospital, 
Osaka Medical College, Hamamatsu University School of Medi-
cine Hospital, and Toyama University Hospital) (Fig.  1). After 
confirming no significant differences between time to progression 
(TTP) determined with Response Evaluation Criteria in Solid Tu-
mors (RECIST), version 1.1 [10], and modified RECIST (mRE-
CIST) [11] in the entire cohort (see online suppl. Fig. 1; for all on-
line suppl. material, see www.karger.com/doi/10.1159/000513355), 
RECIST was used for all of the analyses. Of the 183 patients, the 
clinical features of 99, in whom PD was confirmed by both RECIST 
and mRECIST, were finally analyzed in a retrospective manner 
after exclusion of those in whom LEN was discontinued 1 month 
or more before the time of PD determined by RECIST 1.1, or those 
without assessment of therapeutic response with an enhanced im-
aging modality. The 99 patients were divided into 2 groups, those 
for whom LEN was abandoned at PD (A group: n = 26) and those 
who continued LEN beyond PD (B group: n = 73) (Fig. 1). Treat-
ment “beyond PD” was defined as LEN treatment continued for 
>1 month after PD by RECIST 1.1. The first assessment of the 
therapeutic effect was performed using dynamic CT/MRI from 1 
to 2 months after introduction of LEN, with imaging examinations 
performed every 2 months following the initial assessment with 
dynamic imaging (CT or MRI).

Basal Liver Diseases
HCC due to hepatitis C virus (HCV) was judged when anti-

HCV was positive, whereas HCC due to hepatitis B virus (HBV) 
was judged when the HBV surface antigen was positive.

Liver Function Assessment
Child-Pugh classification [12] and albumin-bilirubin (ALBI) 

grade were used for assessment of hepatic reserve function. ALBI 
score was calculated with serum albumin and total-bilirubin values 
using the following formula: ALBI score = log10 bilirubin (µmol/L) × 
0.66 + albumin (g/L) × −0.085 (≤−2.60, ALBI grade 1; >−2.60 to 
≤−1.39, grade 2; and >−1.39, grade 3) [13–15]. To perform more de-
tailed evaluations of patients with the middle ALBI grade of 2, we used 
a revised grading system consisting of 4 levels that included subgrad-
ing for the middle grade of 2 (2a and 2b) based on an ALBI score of 
−2.27 as the cutoff, which was previously developed based on the val-
ue for indocyanine green retention after 15 min of 30% [16, 17].

HCC Diagnosis and Treatment
Based on an increasing course of alpha-fetoprotein (AFP), as 

well as dynamic CT [18] or MRI [19, 20], contrast enhanced ultra-
sonography with perflubutane (Sonazoid®; Daiichi Sankyo Co., 
Ltd., Tokyo, Japan) [21, 22], and/or pathological findings, HCC 
was diagnosed. We used Barcelona Clinic Liver Cancer (BCLC) 
[23] and tumor node metastasis (TNM) staging, determined as 
previously reported in a study for TNM staging of HCC conducted 
by the Liver Cancer Study Group of Japan (LCSGJ) 6th edition [24] 
(TNM-LCSGJ), to evaluate tumor progression.
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Lenvatinib Treatment and Assessment of Adverse Events
After obtaining written informed consent from each patient, 

LEN was started. Oral administrations at 8 mg/day were given to 
patients weighing <60 kg and 12 mg/day to those ≥60 kg, as much 
as possible, and discontinued when any unacceptable or serious 
adverse event (AE) is reported. When clinical tumor progression 
was observed, the decision to continue or discontinue LEN treat-
ment was made at the discretion of the attending physicians. Ac-
cording to the guidelines for administration of LEN, the drug dose 
was reduced or treatment interrupted when a patient developed 
any grade 3 or more severe AE, or if any unacceptable grade 2 drug-
related AE occurred. AEs were assessed according to the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events, version 4.0 [25]. AEs of grade 3 or more were defined as 
severe, and the worst grade for each AE during the present obser-
vation period was recorded. If a drug-related AE was noted, dose 
reduction or temporary interruption was maintained until the 
symptom was resolved to grade 1 or 2, according to the guidelines 
provided by the manufacturer.

The last day of LEN treatment was defined as the day of last date 
of administration of LEN before a clear statement of discontinua-
tion of LEN by attending physicians on the medical record, or the 
last day of administration of LEN before postprogression treat-

ments. In analysis for prognostic factors of postprogression overall 
survival (OS), we used clinical 17 factors described below for cal-
culating inverse probability weighting (IPW) with propensity 
score.

This was a retrospective analysis of records stored in a database, 
and official approval was received based on the Guidelines for 
Clinical Research issued by the Ministry of Health and Welfare of 
Japan. All procedures complied with the Declaration of Helsinki. 
The protocol used in the present study was approved by the Insti-
tutional Ethics Committee of Ehime Prefectural Central Hospital 
(IRB No. 30-66).

Statistical Analysis and Calculations of Propensity Score and 
Inverse Probability Weighting
Continuous variables are expressed as median values (first-

third quartile). Statistical analyses were performed using Welch’s 
t test, Student’s t test, Fisher’s exact test, or Mann-Whitney’s U test, 
as appropriate. Prognosis was analyzed by Cox hazard analysis, the 
Kaplan-Meyer method, and a log-rank test.

The A- and B-group probabilities (propensity) were calculated 
using logistic regression analysis with a set of covariates deemed 
likely to have effects on OS, including patients’ condition (elderly 
[age ≥75 years], gender, infection for chronic hepatitis virus, and 
history of MTA), hepatic function (Child-Pugh scores at introduc-
ing LEN and at time of PD), malignant potential of tumor (elevat-
ed AFP data [≥100 ng/mL] at time of introducing LEN and for 1 
month before or after PD), BCLC stages (C or D), which include 
tumor burden, hepatic function, and Eastern Cooperative Oncol-
ogy Group performance status (ECOG PS), at introducing LEN 
and at time of PD, decline of ECOG PS from baseline at time of 
PD, clinical features during LEN treatment (no response to LEN 
[best response: PD]), 4 types of PD patterns (appearance of new 
extrahepatic metastasis [EHM], appearance of major portal vein 
tumor thrombosis [Vp3 and Vp4], intrahepatic new lesion, and 
increasing size without new lesion), and treatment factors (starting 
dose of LEN [reduced dose]).

IPW was defined as 1/(propensity score) for the A group and 
1/(1−propensity score) for the B group. Hazard ratio (HR) for OS 
after PD of each clinical factor and OS after introducing LEN and 
OS after PD were tested using IPW-adjusted Cox hazard analysis 
or an IPW-adjusted log-rank test, respectively [26, 27].

A p value of <0.05 was considered to indicate statistical signifi-
cance. All statistical analyses were performed using Easy R, version 
1.53 (Saitama Medical Center, Jichi Medical University, Saitama, 
Japan) [28], a graphical user interface for R (The R Foundation for 
Statistical Computing, Vienna, Austria).

Results

Time to Progression in 183 u-HCC Patients
In all 183 u-HCC patients with imaging results from 

11 institutions (male:female = 142:41, median age 73 
years; Child-Pugh score 5:6:7:8:9:10 = 108:62:11:1:0:1; 
mALBI 1:2a:2b:3 = 59:52:68:4; BCLC 0:A:B:C:D = 
1:6:81:94:1; TNM-LCSGJ I:II:III:IVa:IVb = 2:32:63:16:70) 
(Fig. 1), the median TTP by mRECIST was 8.4 months, 

Patients of 6 institutions,
because of insufficient results

of imaging data
(n = 257)

Patients with Child-Pugh B
or without PD

(n = 74)

Patients who stopped LEN
more than 1 month

before PD
(n = 10)

u-HCC patients treated with LEN from 17 institutions
of RELPEC/HCC 48 group (n = 440)

All patients with imaging results from 11 institutions
(n = 183)

Enrolled patients
(n = 99)

Patients showing PD by both RECIST and mRECIST
(n = 109)

Stopped LEN at PD
(A-group)
(n = 26)

Continued LEN
beyond PD
(B-group)
(n = 73)

Fig. 1. Flowchart of patient enrollment. u-HCC, unresectable he-
patocellular carcinoma; PD, progression of disease; LEN, lenva-
tinib; RECIST, Response Evaluation Criteria In Solid Tumors ver-
sion 1.1.
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Table 1. Clinical features of u-HCC patients at first progression of disease (N = 99)

Parameters A group 
(n = 26)

B group 
(n = 73)

p value

At introducing LEN
Age, yearsa 73 (64–78) 72 (65–78) 0.924
Gender, male:female 19:7 59:14 0.414
Etiology, HCV:HBV:alcohol:other 16:2:0:8 30:14:12:17 0.037
BMI, kg/m2a 22.4 (20.2–25.1) 21.8 (19.1–23.9) 0.252
ECOG PS at LEN introduction, 0:1 22:4 69:4 0.201
Platelets, ≥104/µLa 13.1 (10.2–15.5) 14.2 (11.1–17.3) 0.207
AST, U/La 46 (32–63) 39 (26–59) 0.118
ALT, U/La 38 (22–56) 27 (19–44) 0.101
Total bilirubin, mg/dLa 0.8 (0.6–1.0) 0.7 (0.5–0.8) 0.023
Albumin, g/dLa 3.8 (3.6–4.1) 3.8 (3.5–4.1) 0.921
Prothrombin time, %a 86.1 (77.0–91.0) 93.0 (82.0–102.0) 0.044
eGFR, mL/min/1.73 m2a 71.0 (60.5–92.3) 72.4 (57.0–81.3) 0.534
AFP, ng/mL at LEN introductiona (AFP <100:≥100 ng/mL) 306.5 (11.5–1,898.3)

(10:16)
24.0 (3.9–473.2)
(43:30)

0.034 (0.108)

Started with reduced dose of LEN 5 (19.2%) 16 (21.9%) 1.000
Past history of SOR 15 (57.7%) 29 (39.7%) 0.167
Past history of REG 5 (19.2%) 7 (9.6%) 0.291
ALBI score at LEN introductiona −2.48 (−2.30 to −2.61) −2.57 (−2.24 to −2.79) 0.504
mALBI grade at introducing LEN, 1:2a:2b:3 7:12:7:0 34:19:20:0 0.127
Child-Pugh score, 5:6 18:8 52:21 1.0
Intrahepatic tumor size, none:<2:2–5:>5 cm (maximum) 2:2:16:6 10:22:25:16 0.043
Intrahepatic tumor, n, none:single:multiple 2:3:21 10:7:56 0.785
Positive for MVI, % 2 (7.7) 3 (4.1) 0.604
Positive for EHM, % 12 (46.2) 30 (41.1) 0.653
TNM-LCSGJ at LEN introduction, II:III:IVa:IVb 0:9:4:13 17:20:6:30 0.022
BCLC stage at LEN introduction, A:B:C 0:10:16 2:33:38 0.729
Best response (CR:PR:SD:PD)b 0:8:11:7 3:23:31:16 0.862

At time of PDb

ECOG PS at time of PD,b 0:1:2:3 13:8:2:3 53:17:3:0 0.015
Frequency of decline of ECOG PS from baseline, % 11 (42.3) 19 (26.0) 0.141
AFP, ng/mLa at time of PDb (AFP <100:≥100 ng/mL) 604.1 (16.2–6,227.5)

(9:17)
48.5 (6.1–522.4)
(44:29)

0.016 (0.038)

Delta ALBI score at time of PDb from baselinea 0.24 (−0.05–0.69) 0.25 (0.01–0.47) 0.691
ALBI scorea at time of PDb −2.18 (−2.19 to −2.64) −2.35 (−1.94 to −2.65) 0.467
mALBI grade at time of PD,b 1:2a:2b:3 8:4:11:3 21:21:25:6 0.571
Child-Pugh score at time of PD,b 5:6:7:8:9: ≥10 (frequency of 
Child-Pugh class A, %)

11:5:5:2:3:0 (16, 61.5%) 37:19:8:4:3:2 (56, 76.7%) 0.612 (0.199)

TNM-LCSGJ at time of PD,b II:III:Iva:IVb 0:7:4:15 8:23:6:36 0.243
BCLC stage at time of PD, A:B:C:D 0:3:20:3 1:21:50:1 0.034
Postprogression treatment, BSC:SOR:REG:RAM:HAIC 17:4:3:1:1 na na
PD pattern (appearance of new EHM:appearance of MVI: appearance of 

intrahepatic new lesion:increasing size without new lesion) 4:1:9:12 10:3:29:31 0.939
Period of LEN administration, monthsa 4.5 (2.2–7.5) 11.4 (6.8–16.3) <0.001
Difference between time of LEN administration discontinuation and 

PD,b monthsa 0 (−0.4 to 0.10) 4.1 (2.3–7.3) <0.001
Death during observation period, % 19 (73.1%) 33 (45.2%) 0.021
Observation period, monthsa 7.5 (5.5–12.2) 15.4 (10.3–21.0) <0.001
IPWa 3.02 (2.19–4.29) 1.23 (1.10–1.45) <0.001

u-HCC, unresectable hepatocellular carcinoma; HCV, hepatitis C virus; HBV, hepatitis B virus; BMI, body mass index; ECOG PS, Eastern Cooperative 
Oncology Group performance status; AST, aspartate transaminase; ALT, alanine aminotransferase; AFP, alpha-fetoprotein; eGFR, estimated glomerular 
filtration rate; ALBI, albumin-bilirubin; mALBI, modified ALBI grade; MVI, major portal vein tumor thrombosis (Vp3 and Vp4); EHM, extrahepatic 
metastasis; BCLC, Barcelona Clinic Liver Cancer stage; EHM, extrahepatic metastasis; TNM-LCSGJ 6th, tumor node metastasis stage by Liver Cancer Study 
Group of Japan, 6th edition; RECIST, Response Evaluation Criteria In Solid Tumors version 1.1; CR, complete response; PR, partial response; SD, stable 
disease; PD, progression of disease; BSC, best supportive care; SOR, sorafenib; REG, regorafenib; RAM, ramucirumab; HAIC, hepatic arterial infusion 
chemotherapy; na, not applicable; LEN, lenvatinib; IPW, inverse probability weighting. a Median values (interquartile range) are shown as numbers, unless 
otherwise indicated. b Evaluated by RECIST 1.1.
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while that by RECIST was 8.1 months (online suppl. Fig. 
1a, b). These results were the same as previously reported 
by Kaneko et al. [29], in which PD judgment by RECIST 
and mRECIST showed similar clinical weight in regard to 
prognosis. Based on the above, we used RECIST 1.1 to 
evaluate using common criteria, as previously reported in 
trials of SOR [2], REG [3], and RAM [8, 9] in the present 
study.

Clinical Characteristics of Final Analyzed Group of  
99 Patients
Significant differences were observed in etiology of 

basal liver diseases, serum levels of total bilirubin, pro-
thrombin time, AFP at introducing LEN, maximum size 
of intrahepatic tumor, TNM-LCSGJ at introducing LEN, 
ECOG PS at time of PD, AFP at time of PD (before or af-
ter 1-month PD), and BCLC stage at time of PD between 
the A and B groups (Table 1). Postprogression treatment 
in the A group was best supportive care in 17, sorafenib 
in 4, regorafenib in 3, ramucirumab in 1, and hepatic ar-
terial infusion chemotherapy in 1 (online suppl. Table 1). 
Of the 9 patients, who received postprogression thera-
pies, in the A group, 8 showed PD and 1 had no evaluation 
at the time of analysis. On the other hand, 6 were treated 
with dose-up, 59 with the same dose, and 8 with more re-
duced dose after PD in the B group. Except for patients 
received combination with other therapeutic modalities 

(RFA 1, TACE 3, or HAIC 2) (n = 6) and 1 patient without 
following imaging data (n = 1), only 2 showed no progres-
sion after PD by the same dose, while 64 showed continu-
ous progression.

Adverse Events
AEs during LEN treatment are shown in Table 2. Al-

though only HFSR was more frequent in the B group than 
the other (grade 0:1:2:3 = 44:13:16:0 vs. 22:2:1:1. p = 
0.019), there were no significant differences in other AEs 
(Table 2).

Administration Period of LEN, Relative Changes in 
ALBI Score, and Therapeutic Responses
There was no significant difference for TTP between 

the A and B groups (median 4.0 vs. 6.0 months, p = 0.514). 
The LEN administration period in the A group was short-
er (median 4.5 vs. 12.6 months, p < 0.001) (Fig. 2a, b). Best 
therapeutic response by RECIST (p = 0.862), ALBI score 
at the time of PD (p = 0.467), frequency of Child-Pugh 
class A at time of PD (p = 0.199), decline of ECOG at time 
of PD from baseline (p = 0.141), and relative change in 
ALBI score from the baseline at the time of PD (delta 
ALBI score) (p = 0.691) did not show significant differ-
ences between the groups. In addition, PD patterns also 
did not show a significant difference between both groups 
(p = 0.939) (Table 1).

Table 2. AEs in both groups

Before PDa AEs occurred during 
beyond PDa treatment 
with LEN

group A (n = 26)
(grade 0:1:2:3)

group B (n = 73)
(grade 0:1:2:3)

p value group B (grade 1:2:3)

HFSR 22:2:1:1 44:13:16:0 0.019 1:2:0
Appetite loss 16:2:7:1 46:14:10:3 0.286 6:7:0
General fatigue 15:6:4:1 52:10:11:0 0.227 3:1:0
Hypertension 22:1:2:1 54:5:12:2 0.679 1:0:0
Urine protein 20:3:1:2 55:6:7:5 0.838 0:4:2
Abnormality of thyroid function 17:4:4:1 49:9:14:1 0.763 1:1:1
Diarrhea 22:3:2:1 55:11:6:1 0.639 2:3:0
Elevation of the levels of NH3 23:0:0:3 67:1:1:4 0.665 1:0:1
Hoarseness 23:3:0:0 58:13:2:0 0.754 3:0:0
Decreasing the levels of platelet count 25:0:0:1 70:0:1:2 1.000 None
Elevation of the levels of transaminase 25:1:0:0 71:1:0:1 0.603 0:3:0
Other AEs of grade 3 None Body weight loss (n = 1)

Fever up (n = 1)
Neutropenia (n = 1)

1.00 Fever up (n = 3)

LEN, lenvatinib; PD, progression of disease; AE, adverse event; HFSR, hand-foot skin reaction; na, not applicable. a Evaluated by RECIST 1.1.
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OS after PD
Of the 99 u-HCC patients analyzed, 52 died during 

the observation period (A vs. B group = 73.1 vs. 45.2%, 
p = 0.021) (Table 1). OS after PD was better in the B 
group as compared to the A group (12.7 vs. 5.1 months, 
p < 0.001) (Fig. 3). In the A group, although when the 
same analysis was performed after adjusting with IPW, 
the B group showed better prognosis in regard to OS 
after PD (10.8 vs. 5.8 months, p < 0.001) (Fig. 4a). As a 
result, OS after introducing LEN was also better in the 
B group than the A group (19.6 vs. 11.2 months, p < 
0.001) (Fig. 4b).

In Cox hazard univariate analysis after adjustments 
with IPW, prognostic factors for OS following PD were 
mALBI 2b or 3 at the time of PD (HR 2.160, p = 0.008), 
decline of ECOG PS from baseline at time of PD (HR 
3.578, p < 0.001), elevated AFP (≥100 ng/mL) at time of 
introducing LEN (HR 1.804, p = 0.047), PD pattern (ap-
pearance of new EHM) (HR 2.105, p = 0.013), positive 
for HFSR before PD (any grade) (HR 0.370, p = 0.002), 
and continuing LEN beyond PD (HR 0.444, p = 0.014), 
while mALBI 2b or 3 at the time of PD (HR 1.983, p = 
0.021), decline of ECOG PS from baseline at time of PD 
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Fig. 2. a TTP shown by RECIST 1.1. b Period of lenvatinib administration. TTP, time to progression; RECIST, 
Response Evaluation Criteria In Solid Tumors version 1.1.

Fig. 3. OS after first PD, shown by RECIST 1.1. (A group: dotted line, 
B group: solid line). OS, overall survival; PD, progression of disease; 
RECIST, Response Evaluation Criteria In Solid Tumors version 1.1.
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(HR 3.180, p < 0.001), elevated AFP (≥100 ng/mL) at time 
of introducing LEN (HR 2.511, p = 0.004), PD pattern 
(appearance of new extrahepatic metastasis) (HR 2.396, 
p = 0.006), positive for HFSR before PD (any grade) (HR 
0.292, p < 0.001), and continuing LEN beyond PD (HR 
0.297, p < 0.001) were significant factors in multivariate 
analysis (Table 3). When OS after PD was evaluated in 
patients with Child-Pugh class A and ECOG PS 0/1 at 
time of PD, the B group showed better OS after PD than 
the other (MST 13.0 vs. 8.1 months, p = 0.027) (online 
suppl. Fig. 2). In the patients with Child-Pugh A and 
ECOG PS 0/1 at time of PD of the A group, although  
8 patients, who recieved post progression treatments  
(n = 8), showed longer median OS than those with BSC 
(n = 7) (8.8 vs. 5.1 months, respectively), there was no 
significant difference statistically (p = 0.324).  In the pa-
tients with Child-Pugh A and ECOG PS 0/1 at time of PD 
of the A group, although 8 patients, who recieved post 
progression treatments (n = 8), showed longer median 
OS than those with BSC (n = 7) (8.8 vs. 5.1 months, re-
spectively), there was no significant difference statisti-
cally (p = 0.324).

Discussion

In the present study, clinical factors and prognosis at 
the time of PD in u-HCC patients treated with LEN were 
assessed. Interestingly, the prognosis of u-HCC patients 
for whom LEN treatment was discontinued after PD (A 
group) was significantly worse as compared to those who 
continued LEN beyond PD (B group), with the same re-
sult observed following adjustment with IPW. Our re-
sults showed that mALBI (2b or 3) at time of PD, decline 
of ECOG PS from baseline at time of PD, elevated AFP 
(≥100 ng/mL) at time of introducing LEN, PD pattern 
(appearance of new EHM), positive for HFSR (any 
grade), and continuing LEN beyond PD were significant 
prognostic factors for OS following PD. Although Fu et 
al. [30] reported that BCLC-B (p = 0.002) and intrahe-
patic PD (p = 0.024) were significantly correlated with 
post-disease progression OS in SOR treatment, BCLC 
stage and intrahepatic PD patterns were not significant 
prognostic factors in the present study. Of course, it is 
reasonable that malignant potential of tumors (elevated 
tumor marker), worse hepatic function, and decline of 
ECOG PS were negative prognostic factors for survival. 
In addition, the present results showed that AE of HFSR 
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Fig. 4. OS after first PD by RECIST 1.1 following adjustment with IPW (a) and OS after introducing lenvatinib, 
adjusted with IPW (b) (A group: dotted line, B group: solid line). OS, overall survival; PD, progression of disease; 
IPW, inverse probability weighting; RECIST, Response Evaluation Criteria In Solid Tumors version 1.1.
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(any grade) and continuing LEN beyond PD were posi-
tive prognostic factors for survival after first PD. Regard-
ing HFSR, it has been reported as a positive prognostic 
factor for better prognosis in SOR treatment [31] as well 
as LEN treatment [6]. Moreover, in previous studies, Mi-
yahara et al. [32] and Wada et al. [33] analyzed continu-
ation of SOR treatment beyond first PD confirmation be-
fore development of second-line chemotherapy, respec-
tively. With no present establishment of effective 
postprogression therapy after LEN failure and when no 
rapid progression is noted during LEN treatment and 
control of AE is obtained in u-HCC patients whose 
ECOG PS and hepatic function permit, our data suggest 
that continuation of that beyond PD might be a reason-
able therapeutic option. In SOR treatment, Miyahara et 
al. [32] reported that the patients, who stopped SOR at 
PD, showed increasing tumor growth, while those who 
continued SOR beyond first PD did not (p = 0.002). Al-
though the present database has few data concerning 
with growth rates of tumors, especially of the A group, 

and there was a continuous tendency of PD after first PD 
was observed in many patients of the B group, continu-
ing LEN beyond PD also might play a role in curbing 
rapid progression. Nevertheless, based on the present re-
sults, establishment of effective postprogression modali-
ties following LEN failure is urgently needed.

There is increasing recognition regarding the clinical 
importance of MTA sequential treatment for improving 
the prognosis of u-HCC patients. Since introduction of 
REG as second-line treatment for SOR, it has been re-
ported that MTA sequential treatment has a greater con-
tribution to improving prognosis as compared to single 
MTA line treatment [34]. LEN was recently developed as 
a first-line MTA drug [5], though it also serves as a sec-
ond- and even third-line treatment option in Japan [7, 
35–39]. We previously reported that the total MTA ad-
ministration period including LEN treatment had a good 
correlation with OS after introduction of the initial MTA 
drug (SOR in 95.2% of those patients) (r = 0.946, 95% CI: 
0.918–0.965, p < 0.001), with a median OS after that in-

Table 3. Cox hazard analysis of characteristics and prognostic factors for overall survival after PD by RECIST 1.1 adjusted with IPW in 
u-HCC patients (N = 99)

HR Univariate 
analysis

p value HR Multivariate 
analysis

p value

95% CI 95% CI

Elderly (age ≥75 years) 1.363 0.789–2.355 0.266
Female gender 1.576 0.878–2.829 0.128
Negative for hepatitis virus 1.508 0.791–2.878 0.213
Started with reduced dose of LEN 1.262 0.610–2.610 0.531
mALBI grade 2b/3 (ALBI score >−2.27) at introduction of LEN 1.519 0.902–2.557 0.116
mALBI grade 2b/3 (ALBI score >−2.27) at time of PD 2.160 1.218–3.829 0.008 1.983 1.109–3.545 0.021
ECOG PS 1 at introduction of LEN 1.181 0.419–3.333 0.753
Decline of ECOG PS from baseline at time of PD 3.578 2.010–6.365 <0.001 3.180 1.722–5.872 <0.001
BCLC-C at time of LEN introduction 1.323 0.754–2.323 0.329
BCLC-C/D at time of PD 1.296 0.722–2.328 0.386
AFP ≥100 ng/mL at time of LEN introduction 1.804 1.008–3.229 0.047 2.511 1.347–4.679 0.004
AFP ≥100 ng/mL at time of PD 1.608 0.884–2.924 0.120
Positive for history of MTA treatment 1.275 0.726–2.237 0.398
No response to LEN 1.444 0.853–2.444 0.172
PD pattern, appearance of new EHM 2.105 1.173–3.777 0.013 2.396 1.291–4.449 0.006
PD pattern, appearance of MVI 0.273 0.042–1.787 0.176
PD pattern, appearance of intrahepatic new lesion 1.047 0.610–1.797 0.868
PD pattern, increasing size without new lesion 0.859 0.486–1.517 0.600
HFSR (any grade) before PD 0.370 0.200–0.685 0.002 0.292 0.151–0.566 <0.001
LEN continued beyond PD 0.444 0.232–0.848 0.014 0.297 0.163–0.541 <0.001

u-HCC, unresectable hepatocellular carcinoma; IPW, inverse probability weighting; HR, hazard ratio; CI, confidential interval; HCV, 
hepatitis C virus; LEN, lenvatinib; mALBI, modified albumin-bilirubin grade; BCLC-C, Barcelona Clinic Liver Cancer stage C; AFP, 
alpha-fetoprotein; MTA, molecular targeting agent; EHM, extrahepatic metastasis; MVI, major portal vein tumor thrombosis (Vp3 and 
Vp4); HFSR, hand-foot skin reaction; PD, progression of disease.
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troduction of 46.2 months [40]. Those results suggest that 
SOR has effective postprogression treatment options. In 
contrast, no effective postprogression treatment has been 
established after LEN treatment failure, which is an im-
portant unmet clinical need. In the REFLECT trial, pa-
tients treated with LEN showed significantly better pro-
gression-free survival (PFS) as compared to those treated 
with SOR (7.4 vs. 3.7 months; HR 0.66, 95% CI: 0.57–
0.77) [5]. However, even though SOR was available as a 
postprogression option in patients treated with LEN in 
that trial, LEN did not show superiority to SOR in regard 
to OS (median 13.6 vs. 12.3 months; HR 0.92, 95% CI: 
0.79–1.06) [5]. In another study of 25 patients treated 
with SOR after LEN failure, a poor disease control rate 
shown by mRECIST (16.0%) and PFS (1.8 months) was 
reported [41]. A future analysis is needed to elucidate 
which order of sequential treatment is better, SOR fol-
lowed by LEN or LEN by SOR.

A previous study found that the percentage of patients 
given LEN as first-line treatment and who maintained 
Child-Pugh A, in whom RAM was indicated, was low (ap-
proximately 20%) at the time of LEN failure [42]; thus, no 
conclusions could be reached regarding whether ramuci-
rumab is an effective next-line treatment following LEN. 
Kuzuya reported good therapeutic usefulness following 
LEN failure in 12 u-HCC patients (disease control rate 
[DCR]: 80%) [43], whereas the results presented by our 
group were not similar in 28 u-HCC patients under the 
same situation (DCR: 42.3%) [44]. Future analysis for ther-
apeutic effect of RAM after LEN failure will be needed. In 
any case, based on results of animal experimentation, Yang 
et al. [45] suggested that host hepatocyte but not tumor cell-
derived VEGF is responsible for facilitating cancer metas-
tasis mechanistically and proposed that nonstop persistent 
anti-VEGF therapy be given as treatment for humans with 
cancer. To improve prognosis more in u-HCC patients 
treated with LEN, urgent development of effective MTA 
drugs following LEN failure is a crucial need.

In cases with transarterial catheter chemoemboliza-
tion (TACE) refractoriness [46] or those unsuitable for 
TACE [47], clinical consensus indicates that switching to 
MTA treatment should be considered. In addition to a 
recent clinical trend of HCC treatment based on develop-
ment of MTA drugs, combination treatment with atezoli-
zumab and bevacizumab has been approved in Septem-
ber 2020 as a new first-line option, as that combination 
resulted in better OS and PFS as compared to sorafenib 
(median PFS: 6.8 vs. 4.3 months, HR 0.59, 95% CI: 0.47–
0.76 [p < 0.001]; OS at 12 months: 67.2 vs. 54.6%, HR 0.58, 
95% CI: 0.42–0.79 [p < 0.001]) [48]. Determination of a 

better order of systemic chemotherapy agents to contrib-
ute to improved prognosis will become important for u-
HCC treatment in clinical practice.

The present study has some limitations. First, even 
though this was a multicenter analysis, it was performed in 
a retrospective manner. Also, the number of patients ana-
lyzed was small. Finally, there were no defined criteria used 
for continuing LEN treatment or determining cessation of 
beyond PD treatment with LEN. A future study focusing 
on establishment of postprogression treatment after LEN 
failure, especially with a larger number of patients given 
LEN, is needed. Since it will be difficult to perform a ran-
domized control study, a prospective observational study 
at minimum should be planned in the near future.

Although LEN is a powerful drug that serves not only as 
a first- but also as a second- and third-line option for treat-
ment of u-HCC in the real-world clinical practice, the pres-
ent results indicate that it might be better positioned as a 
late-line drug in selected patients with clinical reserves, 
such as ALBI grade 1 liver function or a nonaggressive tu-
mor. Furthermore, when there is no decline of ECOG PS 
from baseline during LEN treatment and hepatic reserve 
function permits, it may be better to continue LEN treat-
ment beyond PD, especially in u-HCC patients showed 
HFSR during LEN treatment, at least until a more effective 
drug as a postprogression treatment after LEN failure is de-
veloped. In any case, urgent development of effective drugs 
following LEN failure is an urgent unmet clinical need.
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