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Abstract
Objective: There is limited information regarding the bene-
fits of Lenvatinib-transcatheter arterial chemoembolization 
(LEN-TACE) sequential therapy for unresectable hepatocel-
lular carcinoma (u-HCC). We compared the efficacy and safe-
ty of LEN-TACE sequential therapy to LEN monotherapy and 
investigated the factors contributing to the LEN-TACE se-
quential therapy deep response. Methods: We enrolled a 
multicenter cohort of 247 patients with u-HCC treated with 
LEN between 2018 and 2020. Propensity score matching 
identified 63 matching pairs of patients with well-balanced 

characteristics. We retrospectively compared the clinical 
outcomes, including overall survival (OS), progression-free 
survival (PFS), and incidence of adverse events (AEs), be-
tween the LEN-TACE and LEN monotherapy groups. Addi-
tionally, we evaluated the tumor response, change in albu-
min-bilirubin (ALBI) score, factors affecting PFS and OS, and 
independent predictors contributing to the LEN-TACE se-
quential therapy deep response. In this study, at eight weeks 
after resumption of LEN after initial TACE, “deep response” 
was defined as achieving complete response or partial re-
sponse (PR) on modified Response Evaluation Criteria in Sol-
id Tumors (mRECIST), and at least a 30% decrease in the sum 
of diameters of target lesions, taking the baseline sum diam-
eters as the reference. Results: The OS and PFS in the LEN-
TACE group were significantly higher than those in the LEN 
monotherapy group (p = 0.002 and p = 0.037, respectively). 
The incidence of AEs related to LEN was not significantly dif-
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ferent between the two groups. In LEN-TACE sequential 
therapy, the objective response rate was 61.9%, and the dis-
ease control rate was 74.6%, according to the mRECIST crite-
ria. No significant change in the ALBI score was observed 
during sequential LEN-TACE therapy. Multivariable analyses 
revealed that deep response was independently associated 
with the outcome of the initial response to LEN by mRECIST: 
PR (odds ratio: 5.176, 95% confidence interval: 1.528–17.537, 
p < 0.001). Conclusions: LEN-TACE sequential therapy may 
provide more clinical benefits than LEN monotherapy in u-
HCC patients who responded to initial LEN treatment. Objec-
tive response according to mRECIST to initial LEN is an inde-
pendent factor contributing to LEN-TACE sequential therapy 
deep response. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the most com-
mon primary liver malignancy and a leading cause of 
cancer-related deaths worldwide [1, 2]. Curative thera-
pies, such as resection and ablation, can improve the 
prognosis of patients with early stage HCC [3–5]. In con-
trast, patients with intermediate- or advanced-stage un-
resectable HCC (u-HCC) are usually treated with trans-
catheter arterial chemoembolization (TACE), molecu-
lar-targeted agents (MTAs), or immunotherapy [6–9]. 
Patients with intermediate-stage HCC represent a very 
heterogeneous population with respect to tumor burden 
and liver function status [10]. Although the prognosis for 
intermediate- or advanced-stage HCC has improved, it 
remains inadequate, and new treatment strategies are re-
quired.

Lenvatinib (Lenvima®; Eisai Co., Ltd., Tokyo, Japan) 
(LEN) is an approved MTA treatment for u-HCC pa-
tients [11]. LEN exerts antiangiogenic and direct antitu-
mor effects by targeting multiple kinase receptors, in-
cluding vascular endothelial growth factor (VEGF), fi-
broblast growth factor, and platelet-derived growth factor 
receptors [12]. Based on the REFLECT study results, the 
treatment options using LEN have been expanded to 
serve as a promising first-line therapy for patients with 
u-HCC, and this therapy was approved in Japan, the Eu-
ropean Union, the United States of America, and China 
as a monotherapy for patients with u-HCC. The real-
world efficacy of LEN has also been reported [13–16]. 
However, an important drawback of LEN therapy is that 
some cases need drug interruptions or dose reductions at 
early phases of the treatment because of adverse events 

(AEs) [17, 18]. Moreover, it is not easy to achieve com-
plete response (CR) with LEN monotherapy [11]. Even if 
a partial response (PR) can be achieved, tumor progres-
sion and new lesions may occur due to the presence of 
LEN-resistant issues. On the contrary, therapeutic strate-
gies aimed at local control by adding selective locoregion-
al therapy-on-demand to molecularly targeted drugs 
have been investigated.

Recently, LEN-TACE sequential therapy has been re-
ported to improve the prognosis of u-HCC patients treat-
ed with LEN [19–25]. Kudo reported the concept and 
utility of the potential efficacy of upfront LEN with sub-
sequent TACE for patients with intermediate-stage HCC 
beyond up-to-7 criteria [19]. Additionally, Kawamura et 
al. [20] reported the utility of LEN-TACE sequential ther-
apy for prolonging survival during LEN treatment. More-
over, Ando et al. [21] showed that LEN-TACE sequential 
therapy resulted in better overall survival (OS) and pro-
gression-free survival (PFS) outcomes than LEN mono-
therapy. However, independent predictors contributing 
to the response to LEN-TACE sequential therapy are un-
clear. Consequently, LEN-TACE sequential therapy has 
not yet been established as a therapeutic strategy.

Therefore, in this multicenter study, we performed pro-
pensity score matching (PSM) to minimize potential con-
founding based on differences in the patients’ characteris-
tics and compared the safety, OS, and PFS of LEN-TACE to 
those of LEN monotherapy. Additionally, we attempted to 
identify the independent predictors that contribute to the 
deep response in LEN-TACE sequential therapy.

Materials and Methods

Patients
This retrospective study was conducted on a multicenter co-

hort in Japan. Patients were recruited from eight liver centers 
across Japan (Iwate Medical University Hospital, Hirosaki Univer-
sity Hospital, Aomori Prefectural Central Hospital, Akita Univer-
sity Hospital, Tohoku University Hospital, National Hospital Or-
ganization Sendai Medical Center, Yamagata University Hospital, 
and Fukushima Medical University Hospital). We enrolled 247 
patients with intermediate- or advanced-stage u-HCC, who were 
treated with LEN between April 2018 and December 2020. The 
inclusion criteria for registration in the study were as follows: (i) 
the diagnosis of HCC was based on findings of tumor-targeted bi-
opsy, ultrasonography, computed tomography (CT), and magnet-
ic resonance imaging (MRI); (ii) measurable lesions on CT or MRI; 
(iii) liver function scored as Child-Pugh class A or B; and (iv) East-
ern Cooperative Oncology Group performance status scores be-
tween 0 and 1 [26]. Patients were excluded if their initial response 
according to the Response Evaluation Criteria in Solid Tumors 
(RECIST) v1.1 and/or modified RECIST (mRECIST) at 8 weeks 
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after LEN administration was not evaluated. Patients with intoler-
ance to LEN received second-line treatment with other MTAs or 
the best supportive care [27, 28]. The decision to perform LEN-
TACE sequential therapy or LEN monotherapy was based on each 
facility’s discretion. In the early stages of this study, we had more 
experience with LEN monotherapy than with LEN-TACE sequen-
tial therapy. Therefore, LEN-TACE sequential therapy was initial-
ly chosen carefully. We used PSM (1:1 ratio) to create two groups 
of matched patients who underwent LEN-TACE sequential thera-
py or LEN monotherapy. All protocols followed in this study were 
approved by the institutional review board of Iwate Medical Uni-
versity (approval number: MH2019-082). All the patients provid-
ed written informed consent before the study, and the study was 
conducted in accordance with the principles of the Declaration of 
Helsinki (revision of Fortaleza, 2013).

LEN Therapy Protocol
The dose of LEN was set based on body weight and hepatic re-

serve and was administered at an initial dosage of 12 mg/day for those 
weighing over 60 kg and 8 mg/day for those weighing under 60 kg. 
According to the guidelines for administering LEN, the drug dose 
was reduced, or the treatment was interrupted in patients who devel-
oped grade ≥3 severe AEs or any unacceptable grade 2 drug-related 
AEs. AEs were assessed using the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events version 5.0 [29]. The 
dose reduction of LEN was performed at the discretion of each facil-
ity. LEN was continued until disease progression, unacceptable tox-
icity, or the patient’s withdrawal of consent. The relative dose inten-
sity was calculated by dividing the actual dose by the ideal dose over 
the entire period of LEN. Treatment response to LEN was evaluated 
by dynamic CT or MRI, in accordance with the RECIST v1.1 and 
mRECIST criteria. Tumors were evaluated once within the first 8 
weeks and then every 8 weeks thereafter. The objective response rate 
(ORR) was defined as CR plus PR. Disease control rate (DCR) was 
defined as the sum of CR, PR, and stable disease (SD).

LEN-TACE Sequential Therapy Protocol
TACE was performed at the facility’s discretion after assessing 

the therapeutic effect 8 weeks after LEN administration. Digital 
subtraction angiography was performed to evaluate the feeding 
vessels of the target HCC. The tip of the catheter was selectively 
placed to nourish the segmental or subsegmental arteries using 
selective hepatic angiography and/or navigation imaging where 
possible. More than half of the LEN-TACE group underwent su-
per-selective TACE in this study. Nonselective TACE was not per-
formed because it may require a large amount of Lipiodol to 
achieve sufficient therapeutic effects, which could severely damage 
the liver. In conventional TACE (cTACE), an emulsion containing 
iodized oil (Lipiodol; Guerbet Japan) and 60–120 mg miriplatin 
(Miripla®; Sumitomo Dainippon Pharma, Osaka, Japan), 50–100 
mg cisplatin (IAcall®; Nippon Kayaku, Tokyo, Japan), and 20–50 
mg epirubicin (Epirubicin®; Nippon Kayaku, Tokyo, Japan) was 
injected super-selectively or segmentally until a high-grade stasis 
was reached, followed by embolization with absorbable gelatin 
sponge particles (Gelpart®; Nippon Kayaku or Gelfoam®; Upjohn, 
Kalamazoo, MI, USA). The study also included cases in which 
drug-eluting beaded TACE (DEB-TACE) was used instead of 
cTACE at the facility’s discretion. DEB-TACE was performed su-
per-selectively as a rule, but it was performed segmentally when 
not possible. The drug-eluting embolic agent in the DEB-TACE 

group was DC Beads® (Biocompatibles UK, Surrey, UK) or Hepa-
SphereTM (Merit Medical, South Jordan, UT, USA).

In TACE for HCC with portal vein invasion, super-selective 
TACE catheterization was essential to reduce the total dose of Lipi-
odol and minimize liver toxicity associated with cTACE. Moreover, 
CT, cone-beam CT, or TACE guidance software were used for ther-
apeutic support to identify the feeding vessels of the portal vein tu-
mor thrombus. TACE was not performed in cases with severe he-
patic arterioportal shunt, or super-selective catheterization was dif-
ficult. LEN was retained for at least 2 days before and after each TACE 
session and resumed at the same dose as before retention after con-
firming the patient’s general condition and hepatic reserve. The ther-
apeutic response of LEN-TACE sequential therapy was evaluated us-
ing dynamic CT or MRI at 8 weeks after restarting treatment with 
LEN according to mRECIST. LEN-TACE sequential therapy or LEN 
monotherapy was repeated when the tumor response was assessed as 
PR or SD. In this study, at eight weeks after resumption of LEN after 
initial TACE, “deep response” was defined as achieving CR or PR on 
mRECIST, and at least a 30% decrease in the sum of diameters of 
target lesions, taking the baseline sum diameters as the reference. We 
attempted to identify an independent factor contributing to the deep 
response to sequential LEN-TACE therapy.

PSM Analysis
We performed PSM to decrease the effects of selection bias on 

the survival analyses by creating matched groups of patients who 
had received LEN-TACE sequential therapy or LEN monotherapy. 
The propensity score model included age, sex, performance status 
score, etiology, naive or non-naive status, TACE refractoriness be-
fore the introduction of LEN, history of MTA treatment, modified 
albumin-bilirubin (ALBI) grade, serum α-fetoprotein concentra-
tion, largest tumor size, tumor number, macrovascular invasion, 
extrahepatic spread, initial dose of LEN, relative dose intensity, 
and treatment effect of LEN at eight weeks. Propensity scores were 
calculated by applying these variables to a logistic regression mod-
el, and C-statistics were calculated to evaluate the goodness of fit. 
One-to-one PSM was performed using a caliper width of <0.2 of 
the pooled standard deviation of the estimated propensity scores.

Statistical Analysis
All statistical analyses were performed using SPSS software 

(version 23.0; IBM Corp., Armonk, NY, USA) or XLSTAT 2020 
software (Microsoft Corp., Redmond, WA, USA). Based on previ-
ous reports, we calculated the ORR of LEN monotherapy as 40.6% 
and that of LEN-TACE sequential therapy as 68.3% in this study 
[11, 23]. We estimated the required sample size at a level of 5% and 
a power of 0.9 and, finally, selected a sample size of 102. Continu-
ous variables were presented as the mean ± standard deviation or 
median (interquartile range) and were analyzed using Student’s  
t test or Mann-Whitney U test. Categorical variables were present-
ed as numbers (percentages) and analyzed using Pearson’s χ2 test 
or Fisher’s exact test. OS and PFS curves were created using the 
Kaplan-Meier method and compared using the log-rank test. In-
dependent predictors contributing to deep response were evalu-
ated using multivariable logistic regression analysis, which was ad-
justed for factors with a p value of <0.05 in the univariate analyses. 
Univariate and multivariate analyses based on the Cox regression 
model were performed to identify independent prognostic factors 
associated with OS or PFS. Differences were considered statisti-
cally significant at p < 0.05.
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Results

Baseline Characteristics of the Patients
The retrospective study protocol is illustrated in Fig-

ure 1. During the study period, 247 u-HCC patients were 
treated with LEN. Seventeen patients were excluded be-
cause the initial response at eight weeks after LEN admin-
istration was not evaluable. The remaining 230 patients 
included in the study were divided into the LEN-TACE 
group (n = 63, 27.4%) and LEN monotherapy group (n = 
167, 72.6%). The characteristics of the two groups are 
shown in Table 1, and we observed a few differences in 
the characteristics of the groups. Relative to the LEN 
monotherapy group, the LEN-TACE group had a signifi-
cantly smaller proportion of patients with a history of 
MTA treatment (p = 0.002). Additionally, in the LEN-
TACE group, the proportion of PR cases was high in both 
RECIST 1.1 and mRECIST in the tumor response at 8 
weeks of precedence LEN (RECIST 1.1: p = 0.004, mRE-
CIST: p = 0.008).

The median follow-up time for all patients was 15.7 
months. The median OS for the LEN-TACE group was 
31.2 (26.4–34.3) months, and that for the LEN monother-
apy group was 15.7 (13.1–19.4) months (Fig. 2a). OS in 
the LEN-TACE group was significantly higher than in the 
LEN monotherapy group (p = 0.001). Furthermore, the 
median PFS for the LEN-TACE group was 12.2 (8.5–17.3) 
months, and that for the LEN monotherapy group was 6.7 
(5.3–10.2) months (p = 0.025, Fig. 2b).

Patient Characteristics in the PSM Cohort
PSM analysis identified 63 matched pairs of patients. 

The matched groups of patients had similar baseline 

characteristics (Table 1) (all p > 0.05). The median follow-
up time for the PSM cohort was 15.6 months. The median 
follow-up time for all patients was 14.7 months. The me-
dian OS for the LEN-TACE group was 31.2 (26.4–34.3) 
months and that for the LEN monotherapy group was 
13.9 (13.1–29.2) months (Fig. 2c). OS in the LEN-TACE 
group was significantly higher than in the LEN mono-
therapy group (p = 0.002). Furthermore, the median PFS 
for the LEN-TACE group was 12.2 (8.5–17.3) months, 
and that for the LEN monotherapy group was 7.1 (5.3–
12.8) months (p = 0.037, Fig. 2d).

Treatment Efficacy of the LEN-TACE Sequential 
Therapy
The treatment parameters for LEN-TACE sequential 

therapy are presented in Table 2. The reasons for addi-
tional TACE during LEN treatment were divided into two 
major groups: local curative treatment and disease con-
trol. Achieving CR (n = 33, 52.4%) or tumor downstaging 
(n = 14, 22.2%) with local curative treatment by TACE 
were the treatment goals. On the other hand, in cases of 
progressive disease (PD) with LEN treatment (n = 11, 
17.5%) and temporary discontinuation of LEN due to AE 
(n = 5, 7.9%), the primary therapeutic goal was disease 
control. The median time from the introduction of LEN 
to initial TACE was 120.5 days. The response of LEN by 
mRECIST when TACE was added was PR (n = 33), SD  
(n = 19), PD (n = 11). TACE was performed using cTACE 
(n = 55) and DEB-TACE (n = 8). The median resting time 
of LEN before TACE was 2 days. The median time to re-
administer LEN after TACE was 8 days. The total number 
of TACE procedures was 1 (n = 34), 2 (n = 20), 3 (n = 7), 
and 4 (n = 2). The median interval between TACE proce-

Unresectable HCC patients who received LEN
between April 2018 and December 2020

(n = 247)

Meet eligibility criteria (n = 230)
• LEN-TACE sequential therapy (n = 63)
• LEN monotherapy (n = 167)

Propensity score matching
(1:1)

Excluded:
Not evaluable at 8 weeks
(n = 17)

LEN-TACE group
(n = 63)

LEN monotherapy
group (n = 63)

Fig. 1. Flowchart of eligible patients with 
HCC. u-HCC, unresectable hepatocellular 
carcinoma; LEN, lenvatinib; TACE, trans-
catheter arterial chemoembolization.
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dures was 110 days. In this study, 93.7% (59/63) cases re-
sumed LEN after TACE. Tolerability of LEN was the 
main reason LEN could not be restarted after TACE. 
These cases received repeated TACE (n = 2), second-line 
treatment with other tyrosine kinase inhibitors (n = 1), or 
the best supportive care (n = 1).

TACE-derived major complications had an incidence of 
4.7% (3/63) and included ascites (n = 1) and liver abscesses 
(n = 1). In addition, minor complications, including post-
embolization syndrome (n = 10), liver function decline  
(n = 9), fever (n = 9), and abdominal pain (n = 6) were ob-
served. However, when we analyzed the adverse effects, 
most patients were asymptomatic or had mild symptoms.

Based on the mRECIST criteria, the proportion of all 
patients with CR, PR, SD, and PD after 8 weeks of TACE 
in the LEN-TACE group was 20.6%, 41.3%, 12.7%, and 
25.4%, respectively. The ORR and DCR were 61.9% and 
74.6%, respectively. Subgroup analysis for both Barcelona 
Clinic Liver Cancer (BCLC) stage B (n = 22), the propor-
tions of patients with CR, PR, SD, and PD were 14.8%, 
59.3%, 14.8%, and 11.1%, respectively. The ORR and 
DCR were 74.1% and 88.9%, respectively (Table 3). Sub-
group analysis for BCLC B within up-to-7 criteria (n = 
11), BCLC B beyond up-to-7 criteria (n = 16), and BCLC 
C (n = 36) indicated that the benefit trend was generally 
consistent with the total population (online suppl. Table 

O
ve

ra
ll 

su
rv

iv
al

 ra
te

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
0 200 400 600 800 1,000 1,200

Median OS, months (95% CI)
LEN-TACE: 31.2 (26.4–34.3)
LEN monotherapy: 15.7 (13.1–19.4)
HR: 0.40 (0.07–0.64)

p = 0.001

Pr
og

re
ss

io
n-

fre
e 

su
rv

iv
al

 ra
te

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
0 200 400 600

Time, days Time, days
800 1,000 1,200

Median PFS, months (95% CI)
LEN-TACE: 12.2 (8.5–17.3)
LEN monotherapy: 0.67 (5.3–10.2)
HR: 0.67 (0.07–0.96)
p = 0.025

63 58 47 26 12 4

Number at risk

LEN-TACE
LEN monotherapy 167 121 63 31 18 3a

Number at risk

LEN-TACE 63 42 24 11 4 2
LEN monotherapy 167 75 31 16 9b

O
ve

ra
ll 

su
rv

iv
al

 ra
te

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
0 200 400 600 800 1,000 1,200

Median OS, months (95% CI)
LEN-TACE: 31.2 (26.4–34.3)
LEN monotherapy: 13.9 (13.1–29.2)
HR: 0.43 (0.06–0.75)

p = 0.002

Pr
og

re
ss

io
n-

fre
e 

su
rv

iv
al

 ra
te

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
0 200 400 600 800 1,000 1,200

Median PFS, months (95% CI)
LEN-TACE: 12.2 (8.5–17.3)
LEN monotherapy: 7.1 (5.3–12.8)
HR: 0.39 (0.05–0.98)
p = 0.037

Time, days Time, days

63 58 47 26 12 4
63 46 22 10 8

Number at risk

LEN-TACE
LEN monotherapyc

Number at risk

LEN-TACE 63 42 24 11 4 2
LEN monotherapy 63 31 13 8 5d

Fig. 2. Kaplan-Meier curves for OS among all patients (a), PFS (b) 
among all patients, OS in the PSM cohort (c), and PFS in the PSM 
cohort (d). The median OS for the LEN-TACE group was 31.2 
(26.4–34.3) months, and this for the LEN monotherapy group was 
15.7 (13.1–19.4) months, respectively (p = 0.001, a). The median 
PFS for the LEN-TACE group was 12.2 (8.5–17.3) months, and this 
for the LEN monotherapy group was 6.7 (5.3–10.2) months, re-
spectively (p = 0.025, b). The median OS for the LEN-TACE group 

was 31.2 (26.4–34.3) months, and that for the LEN monotherapy 
group was 13.9 (13.1–29.2) months, respectively (p = 0.002, c). The 
median PFS for the LEN-TACE group was 12.2 (8.5–17.3) months, 
and this for the LEN monotherapy group was 7.1 (5.3–12.8) 
months, respectively (p = 0.037, d). LEN, lenvatinib; TACE, trans-
catheter arterial chemoembolization; OS, overall survival; PFS, 
progression-free survival.
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1; see www.karger.com/doi/10.1159/000522424 for all 
online suppl. material).

Safety Outcomes
AEs that occurred more frequently in the LEN-TACE 

group than in the LEN monotherapy group included fa-
tigue, hypertension, reduced appetite, hypothyroidism, 
liver dysfunction, diarrhea, hoarseness, decreased weight, 
and pyrexia. Only liver dysfunction was significantly 
higher in the LEN-TACE group than in the LEN mono-
therapy group (p = 0.04), but it soon resolved for most 
patients. As shown in Table 4, the most common AEs of 
any grade in the LEN-TACE group were fatigue (47.6%), 
hypertension (46.0%), and decreased appetite (42.9%). In 
addition, the most common grade ≥3 AE was hyperten-
sion (11.1%). Thus, the LEN-TACE group had an accept-
able safety profile without unexpected safety signals. The 
most common AEs in the LEN monotherapy group were 
proteinuria (42.9%), hand-foot skin reaction (34.9%), fa-
tigue (38.1%), and hypertension (38.1%). The most com-
mon grade ≥3 AE was hypertension (7.9%).

The median ALBI scores of patients in the LEN-TACE 
group before LEN administration, 3 months after LEN 
administration, before TACE, and two months after 
TACE were −2.38, −2.30, −2.26, and −2.20, respectively, 
with no statistically significant difference between any of 
these time points (Fig. 3).

Univariable and Multivariable Analysis of Factors 
Associated with OS and PFS
The univariate analyses revealed that OS was signifi-

cantly associated with mALBI grade 1+2a (p = 0.004), 

Child-Pugh score 5 points (p = 0.007), MVI-Vp0 (p = 
0.002), AFP <200 ng/mL (p = 0.029), and the addition of 
TACE (p = 0.003). The multivariable analyses revealed 
that OS was independently associated with mALBI grade 
1+2a (p = 0.006), MVI-Vp0 (p < 0.001), and the addition 
of TACE (p < 0.001) (Table 5). The univariate analyses 
revealed that PFS was significantly associated with mAL-
BI grade 1+2a (p = 0.013), Child-Pugh score 5 points  
(p = 0.018), and addition of TACE (p = 0.039). The mul-
tivariable analyses revealed that RFS was independently 
predicted by mALBI grade 1+2a (p = 0.007) and the ad-
dition of TACE (p = 0.023). The OS and PFS outcomes 
were independently associated with the addition of 
TACE.

Table 2. Treatment parameters of LEN-TACE sequential therapy

Variables

Reasons for additional TACE, achievement of CR/downstage/discontinuation of LEN due to AEs/PD with LEN treatment 33/14/5/11
Median time from the introduction of LEN to initial TACE, days 120.5 (82.8–251.3)
TACE technique, cTACE/DEB-TACE 55/8
TACE chemo agent, MPT/CDDP/EPI 35/18/10
Median rest time of LEN before TACE, days 2.0 (2.0–5.0)
Median time to readminister LEN after TACE, days 8.0 (4.0–13.3)
Number of TACE procedures, 1/2/3/4 times 34/20/7/2
Median interval between TACE, days 111.0 (101.0–131.8)
Major complications of TACE, ascites/liver abscess 2/1
Minor complications of TACE, post-embolization syndrome/liver function decline/fever/abdominal pain 10/9/9/6

LEN, lenvatinib; TACE, transarterial chemoembolization; AEs, adverse events; PD, progressive disease; cTACE, conventional transarterial chemo- 
embolization; DEB-TACE, drug-eluting beaded transarterial chemoembolization; MPT, miriplatin; CDDP, cisplatin; EPI, epirubicin. The values represent the 
median (25th–75th percentile) or patients, n.

Table 3. The tumor response after 8 weeks of initial TACE in LEN-
TACE sequential therapy according to mRECIST

Total (n = 63) BCLC B (n = 27)

CR 13 (20.6) 4 (14.8)
PR 26 (41.3) 16 (59.3)
SD 8 (12.7) 4 (14.8)
PD 16 (25.4) 3 (11.1)
ORR 61.9 74.1
DCR 74.6 88.9

Data are presented as n (%). LEN, lenvatinib; TACE, transarterial 
chemoembolization; CR, complete response; PR, partial response; 
SD, stable disease; PD, progressive disease; ORR, overall response 
rate; DCR, disease control rate; BCLC, Barcelona Clinic Liver Cancer; 
mRECIST, modified Response Evaluation Criteria in Solid Tumors.
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Univariate and Multivariable Analyses of Deep 
Response in the LEN-TACE Sequential Therapy
We attempted to identify an independent factor con-

tributing to the deep response to sequential LEN-TACE 
therapy. Twenty-three patients (36.5%) achieved a deep 
response in the LEN-TACE group. The median OS for the 
deep response achievement group was not reached, and 
for the deep response nonachievement group, it was 26.5 
(19.5–31.3) months (Fig.  4a). OS in the deep response 
achievement group was significantly higher than that in 
the deep response nonachievement group (p = 0.037). 
Furthermore, the median PFS for the deep response 
achievement group was 23.3 (8.7–29.3) months, and for 
the deep response nonachievement group, it was 10.8 
(7.2–14.3) months (p = 0.037, Fig. 4b).

Characteristics of patients with or without deep re-
sponse in the LEN-TACE group are shown in Table 6, 
and we observed a few differences in the characteristics of 
the groups. In the deep response achievement group, the 
proportion of PR cases by mRECIST was high in the tu-
mor response at eight weeks of precedence LEN (p < 
0.001). Moreover, relative to the deep response non-
achievement group, the deep response achievement 
group had a more significant proportion of naive patients 
(p = 0.012). In the deep response achievement group, sig-
nificantly more cases had TACE timing shorter than 120 
days after LEN introduction than the timing of TACE af-

Table 4. AEs of LEN-TACE sequential therapy and LEN monotherapy

AEs LEN-TACE (n = 63) LEN monotherapy (n = 63)

any grade, 
n (%)

grade ≥3, 
n (%)

any grade, 
n (%)

grade ≥3, 
n (%)

Fatigue 30 (47.6) 1 (1.6) 24 (38.1) 4 (6.3)
Hypertension 29 (46.0) 7 (11.1) 24 (38.1) 5 (7.9)
Decreased appetite 27 (42.9) 1 (1.6) 21 (33.3) 4 (6.3)
Proteinuria 25 (39.7) 1 (1.6) 27 (42.9) 3 (4.8)
Hypothyroidism 22 (34.9) 0 (0.0) 23 (36.5) 1 (1.6)
Hand-foot skin reaction 22 (34.9) 4 (6.3) 22 (34.9) 2 (3.2)
Liver dysfunction 22 (34.9)* 5 (7.9) 12 (19.0) 2 (3.2)
Diarrhea 13 (20.6) 1 (1.6) 7 (11.1) 1 (1.6)
Hoarseness 10 (15.9) 0 (0.0) 10 (15.9) 0 (0.0)
Decreased weight 10 (15.9) 0 (0.0) 7 (11.1) 0 (0.0)
Pyrexia 7 (11.1) 4 (6.3) 4 (6.3) 1 (1.6)
Thrombocytopenia 1 (1.6) 1 (1.6) 1 (1.6) 1 (1.6)
Encephalopathy 1 (1.6) 1 (1.6) 4 (6.3) 0 (0.0)
Pneumonia 0 (0.0) 0 (0.0) 1 (1.6) 1 (1.6)

Data are presented as n (%). LEN, lenvatinib; TACE, transarterial chemoembolization. * p < 0.05, compared with 
LEN alone.

Baseline 3 months
after LEN

administration

Before TACE 3 months
after TACE

–2.5

–2.0

–3.5

–3.0

–1.5

–1.0

–0.5

AL
BI

 sc
or

e

p = 0.730 p = 0.938 p = 0.954

–2.387 –2.303 –2.264 –2.200Median

Fig. 3. Changes in ALBI score before and after LEN-TACE sequen-
tial therapy. The median ALBI scores of patients in the LEN-TACE 
group at baseline, 3 months after LEN administration, before 
TACE, and three months after TACE were −2.387, −2.303, −2.264, 
and −2.200, respectively. No statistically significant difference was 
observed between any of the time points. ALBI, albumin-bilirubin; 
LEN, lenvatinib; TACE, transcatheter arterial chemoemboliza-
tion.
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ter introducing LEN (p = 0.021). Multivariable analyses 
revealed that deep response was independently associated 
with the outcome of the initial tumor response to LEN by 
mRECIST: PR (odds ratio: 5.176, 95% confidence inter-
val: 1.528–17.537, p < 0.001) (Table 7).

CR Achievement and Maintenance Rate in the LEN-
TACE Sequential Therapy
In this study, a total of 12 patients (19.0%) achieved CR 

with the LEN-TACE sequential therapy, including 2 pa-
tients who underwent conversion surgery. The median 
follow-up period for the CR cases was 17.4 months. The 
prognosis of CR patients was excellent, with a 1-year OS 
rate (OSR) of 100% and a 2-year OSR of 87.5% (Fig. 4c). 
New lesions were identified in 5 cases; the PFS rate was 
83.3% at three months, 75.0% at 6 months, and 58.3% at 
12 months (Fig. 4d).

Discussion

In this multicenter retrospective study, we examined 
the efficacy and safety of sequential LEN-TACE therapy. 
Our results showed that LEN-TACE sequential therapy 
was superior to LEN monotherapy. The incidence of 
grade ≥3 severe AEs did not differ significantly between 
LEN-TACE sequential therapy and LEN monotherapy. 
The prognosis of patients who achieved a deep response 
or CR to LEN-TACE sequential therapy was excellent. 
This study showed that the objective response by mRE-
CIST of initial LEN is an independent prognostic factor 
for the deep response in HCC patients treated with LEN-
TACE sequential therapy. To our knowledge, the present 
study is the first to clarify the independent prognostic fac-
tors for LEN-TACE sequential therapy.

LEN was identified through exploratory research of 
agents with various tyrosine kinase inhibitory activities 
related to angiogenesis [12, 30–32]. In a recent phase III 
trial for patients with previously untreated u-HCC (RE-
FLECT study), the ORR of LEN was 40.6% [11]. Further-
more, 61.3% of the Japanese population with intermedi-
ate-stage HCC [33], and an extremely high response rate 
of 73.3% were observed in the proof-of-concept study 
[19]. LEN improved the prognosis of u-HCC compared 
with sorafenib and was approved as the first-line treat-
ment for u-HCC in March 2018 in Japan. However, it is 
not easy to achieve CR with LEN monotherapy, and even 
if PR is achieved, tumor progression and new lesions may 
eventually occur due to resistance issues [34]. For such 
cases, the local control of intrahepatic lesions by the ad- Ta
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dition of TACE followed by LEN may lead to a long-term 
continuation of LEN. Moreover, the addition of TACE 
may provide transient and complete control of HCC. 
Endo et al. [22] reported 2 cases in which u-HCC was lo-
cally controlled by LEN-TACE sequential therapy, and 
conversion surgery was achieved.

Therapeutic strategies aimed at local control by adding 
selective TACE to molecular-targeted drugs have been 
studied. The TACTICS trial showed the benefit of 
sorafenib followed by TACE as a treatment option to im-
prove the clinical outcome of patients with intermediate-
stage HCC [35]. Kudo [36] proposed that prior adminis-
tration of LEN was better for prolonging prognosis than 
TACE for patients with HCC unsuitable for TACE, such 

as multiple liver lesions. Pre-administration of LEN nor-
malizes tumor vessels, lowers vascular permeability and 
intertumoral interstitial pressure, and improves drug de-
livery, resulting in radical, highly selective TACE [37, 38]. 
In addition, selective TACE also contributes to the pres-
ervation of liver function. TACE induces ischemic condi-
tions in tumor tissue, upregulates the expression of hy-
poxia-inducing factor 1, and increases the production of 
VEGF, fibroblast growth factor, and other angiogenic fac-
tors in tumor tissue [39–41]. Pre- and post-administra-
tion of LEN may suppress recurrence and metastasis by 
suppressing the hypoxia-induced release of VEGF [42].

Shimose et al. [24] reported the efficacy of alternating 
LEN and transarterial therapy in patients with interme-
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Fig. 4. Kaplan-Meier curves for OS (a) and PFS (b) by the achievement of deep response in the LEN-TACE group. 
Kaplan-Meier curves for OS (c) and PFS (d) in the LEN-TACE CR case. The median OS for the deep response 
achievement group was not reached, and this for the deep response nonachievement group was 26.5 (19.5–31.3) 
months, respectively (p = 0.037, a). The median PFS for the deep response achievement group was 23.3 (8.7–29.3) 
months, and this for the deep response nonachievement group was 10.8 (7.2–14.3) months, respectively (p = 
0.037, b). 1-year OSR of 100% and a 2-year OSR of 87.5% in the LEN-TACE CR case (c). The PFSR was 83.3% at 
3 months, 75.0% at 6 months, and 58.3% at 12 months in the LEN-TACE CR case (d). DR, deep response; NR, 
not reached; OS, overall survival; PFS, progression-free survival; OSR, overall survival rate; PFSR, progression-
free survival rate.
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diate-stage HCC. Kawamura et al. [20] reported the util-
ity of LEN-TACE sequential therapy for prolonging 
post-progression survival during LEN treatment. Ando 
et al. [21] reported that the ORR of patients in the LEN-
TACE group and LEN-alone group were equivalent, but 
patients in the LEN-TACE group had better PFS and OS 
than those in the LEN-alone group in a retrospective co-
hort study. Fu et al. [23] reported that combination treat-
ment with LEN and TACE significantly prolonged OS 
and PFS compared with TACE monotherapy. Consistent 
with these previous reports, our results showed that ORR 
and DCR in LEN-TACE sequential therapy yielded 
promising results. Among them, the tumor response in 
BCLC stage B had a significant impact on performance. 
Moreover, our results showed that both OS and PFS of 
patients in the LEN-TACE group were significantly ex-
tended.

A recent study reported that patients with advanced 
HCC treated with LEN maintained or improved their liver 
function reserve at 4 and 12 weeks [43]. In combination 
with TACE, LEN may reduce the need for repeat TACE and 
maintain liver function, which may contribute to better 
clinical outcomes. Our results showed that liver function 
was well maintained during LEN-TACE sequential thera-
py, and this result supports previous findings. Together, 
these results indicated that LEN-TACE sequential therapy 
provided more clinical benefits than LEN monotherapy in 
u-HCC patients with a manageable safety profile.

We showed that the objective response by mRECIST 
of initial LEN is an independent factor contributing to the 
response in LEN-TACE sequential therapy. In addition, 
the objective response to mRECIST was a prognostic fac-
tor for LEN-TACE sequential therapy. In other words, it 
is inferred that there is a complementary relationship be-

Table 6. Characteristics of patients with or without deep response in the LEN-TACE group

Parameter DR achievement group DR nonachievement group p value

Gender, males/females 20/3 31/9 0.357
Age, <70/≥70 years 7/16 18/22 0.255
Etiology, HBV/HCV/nonviral 3/7/13 8/12/20 0.789
ECOG PS, 0/1 20/3 53/7 0.641
Naive/nonnaive 10/13 6/34 0.012
History of TKI treatment, yes/no 1/22 1/39 0.687
TACE refractoriness, yes/no 7/16 15/25 0.571
mALBI grade, 1/2a/2b 7/5/11 17/9/14 0.558
Child-Pugh score, 5/6/7 points 12/6/5 24/14/2 0.122
Tumor size, <51/≥51 cm 12/11 28/12 0.157
Number of tumors, single/multiple 9/14 11/29 0.341
MVI, Vp0/1/2/3/4 12/9/1/1 23/14/3/0 0.794
EM, yes/no 4/19 12/28 0.268
BCLC stage, B/C 10/13 17/23 0.941
Up-to-7 criteria, within/others 3/20 8/32 0.484
AFP, ≥200/<200 ng/mL 8/15 13/27 0.713
Initial dose of LEN, 8/12 mg 15/8 22/18 0.428
RDI, ≥60/<60% 12/11 17/23 0.458
mRECIST (LEN 8 week), CR/PR/SD/PD 0/21/2/0 0/14/15/11 <0.001
RECIST 1.1 (LEN 8 week), CR/PR/SD/PD 0/11/11/1 0/11/19/10 0.071
Timing of TACE after introducing LEN, <120/≥120 days 15/8 14/26 0.021
TACE technique, cTACE/DEB-TACE 4/19 4/36 0.396
TACE chemo agent, MPT/CDDP/EPI 12/7/4 23/11/6 0.918
Number of TACE, 1/2/3/4 times 11/11/1/0 23/9/6/2 0.119
Rest period of LEN, <10/≥10 days 14/9 26/14 0.743

The values represent the patients, n. LEN, lenvatinib; TACE, transarterial chemoembolization; DR, deep response; HBV, hepatitis B virus; 
HCV, hepatitis C virus; ECOG, Eastern Cooperative Oncology Group; PS, performance status; TKI, Tyrosine Kinase Inhibitor; mALBI, modified 
albumin-bilirubin; MVI, microvascular invasion; EM, extrahepatic metastasis; BCLC, Barcelona Clinic Liver Cancer; AFP, alpha-fetoprotein; 
RDI, relative dose intensity; mRECIST, modified Response Evaluation Criteria in Solid Tumors; RECIST, Response Evaluation Criteria in Solid 
Tumors; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; cTACE, conventional transarterial 
chemoembolization; DEB-TACE, drug-eluting beaded transarterial chemoembolization; MPT, miriplatin; CDDP, cisplatin; EPI, epirubicin.
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tween LEN and TACE rather than a competitive relation-
ship. If systemic chemotherapy with LEN results in a 30% 
or greater reduction in viable (enhancement in the arte-
rial phase) target lesions, we recommend additional selec-
tive TACE. These therapeutic strategies that aim for local 
control with the addition of selective TACE may receive 
more attention in the future.

On the other hand, in recent years, atezolizumab and 
bevacizumab treatment is expected to be the first-line 
treatment for patients with HCC. This treatment offers a 
long-term prognosis while maintaining the quality of life. 
However, the IMbrave 150 trial reported a post-progres-
sion survival of 6.8 months [9]. It is often difficult to pre-
dict the onset of immune-related AEs. The fact that 
changes in tumor blood flow are observed early in the 
treatment is considered an advantage of LEN treatment. 
Kuzuya et al. [44] reported that LEN indicates a therapeu-
tic response on CT 2 weeks after administration. More-
over, Kuorda et al. [45] reported that contrast-enhanced 
ultrasound tested seven days after starting LEN adminis-
tration might serve as a valuable indicator of therapeutic 
outcomes for u-HCC. In this study, univariate analyses 
revealed that deep response was significantly associated 
with the timing of TACE after the introduction of LEN, 
with the optimal time being <120 days. In LEN-TACE 
sequential therapy, it is necessary to determine the thera-
peutic effect of LEN at an early stage and plan the timing 
of selective TACE. A detailed analysis of the timing of 
TACE is essential for future studies.

This study has several limitations. First, the study de-
sign was retrospective, and the sample size was small. 
Large-scale randomized controlled trials are needed to 
confirm these findings. Second, the influence of selection 
bias cannot be ruled out. Finally, a more evident conclu-
sion requires a more extended observation period. None-
theless, our data suggest that LEN-TACE sequential ther-
apy may improve the prognosis of patients with u-HCC.

In conclusion, LEN-TACE sequential therapy may 
provide more clinical benefits than LEN monotherapy in 
u-HCC patients who responded to initial LEN treatment. 
The objective response by initial LEN assessed by mRE-
CIST is an independent factor contributing to the re-
sponse to LEN-TACE sequential therapy.
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