Zhu et al. Cancer Cell Int (2021) 21:503

https://doi.org/10.1186/512935-021-02200-7 Cancer Cell International

PRIMARY RESEARCH Open Access

. ®
Efficacy and safety of lenvatinib e

monotreatment and lenvatinib-based
combination therapy for patients

with unresectable hepatocellular carcinoma:
a retrospective, real-world study in China

Yun Zhu', Penghui Sun?, Kunyuan Wang', Shuzhe Xiao?, Yanling Cheng?, Xiangzhao Li*, Biao Wang?,
Jiancong Li', Wenxuan Yu' and Yang Cheng®”

Abstract

Background: Lenvatinib and lenvatinib-based combination treatments are widely used in patients with unresect-
able hepatocellular carcinoma (UHCC) in clinical practice, but their curative effect and safety need further study in the
real world.

Methods: This was a retrospective study involving patients with uHCC receiving lenvatinib monotherapy and
lenvatinib-based combination treatment between Nov, 2018 and Sep, 2020 in Nanfang Hospital. Efficacy was evalu-
ated with objective response rate (ORR), disease control rate (DCR), progression-free survival (PFS), time to tumor pro-
gression (TTP), and overall survival (OS). Treatment-related adverse events (TRAEs) were recorded and graded. Efficacy
and safety of monotherapy and combination therapy were compared. Stratified analysis was performed according to
systemic line of treatment and medication regimen for combination therapy.

Results: For lenvatinib monotherapy (n=39), OS and PFS were 80 weeks and 24.3 weeks, respectively. For combina-
tion treatment (n=72), median OS and PFS were 99 weeks and 45.6 weeks, respectively. OS, PFS, and TTP for patients
in the combination treatment cohort were significantly longer compared to those of patients in the monotreatment
cohort (OS: P=0.04, PFS: P=0.003; TTP, P=0.005). The incidence of TRAEs could be controlled both in the mono-
therapy cohort and the combination treatment cohort. In the monotherapy cohort, OS and PFS were significantly
decreased in the second-line treatment group compared with the first-line treatment group, while no differences
were observed in the combination cohort. The efficacy of triple therapy (lenvatinib plus PD-1 antibody plus TACE or
HAIF) was similar to lenvatinib plus PD-1 antibody or lenvatinib plus TACE or HAIF.

Conclusions: Our real-world study showed that lenvatinib monotherapy and lenvatinib-based combination therapy
were well tolerated, with encouraging efficacies in patients with uHCC. Lenvatinib-based combination therapy
showed a better curative effect compared with lenvatinib single-agent therapy. In patients who have failed first-line

*Correspondence: chengyang2872@sina.com

3 Digestive Department, Guangzhou Women and Children’s Medical
Center, Guangzhou Medical University, Guangzhou 510623, Guangdong,
China

Full list of author information is available at the end of the article

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0001-5356-043X
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12935-021-02200-7&domain=pdf

Zhu et al. Cancer Cell Int (2021) 21:503

Page 2 of 10

TKI treatment, lenvatinib-based combination therapy may be a better choice than lenvatinib single-agent therapy.
Lenvatinib-based triple therapy may not have an advantage over dual therapy.

Keywords: Lenvatinib, Monotreatment, Combination therapy, Hepatocellular carcinoma

Introduction

Hepatocellular carcinoma (HCC) is a highly malignant
tumor associated with high morbidity and mortality and
represents a major public health issue. The incidence of
HCC ranks 6th among malignant tumors, and the mortal-
ity rate ranks 3rd worldwide. In addition, HCC accounts
for 4.7% of all cancers, but 8.3% of cancer-related deaths
worldwide. It is estimated that over 830,000 people died
of HCC globally in 2020 [1, 2].

Tyrosine kinase inhibitors (TKIs) are widely used in
advanced unresectable HCC (uHCC). Sorafenib was the
first TKI approved for advanced uHCC [3]. Lenvatinib
is a novel TKI for the first-line treatment of HCC, which
gained approval in 2018. Although lenvatinib has proven
to be superior to sorafenib in increasing the overall sur-
vival (OS) in patients with HCC in clinical trials, its effect
is limited by drug resistance as well as its intolerable side
effects [4]. Although several drugs have been approved
for the treatment of HCC in recent years, these drugs
are not satisfactory owing to their associated toxicities
and the rapid development of drug resistance. HCC is a
highly heterogeneous tumor and many molecular path-
ways are involved in the development of drug resistance
in HCC cells; therefore, treating HCC patients remains a
challenge. There is an urgent need to develop new com-
bination treatment strategies that target different signal
pathways [5] .

Recently, there have been several studies exploring the
safety and efficacy of combining TKIs and programmed
cell death protein-1 (PD-1)-targeted immunotherapy. In
addition, combination treatment with a TKI plus local
treatment, such as transcatheter arterial chemoemboliza-
tion (TACE) or hepatic arterial infusion with drug filtra-
tion (HAIF), has also been used. A phase 3 clinical trial
showed that the addition of HAIF to sorafenib did not
significantly improve OS in patients with advanced HCC
[6]. Combination therapy with lenvatinib and PD-1-tar-
geted immunotherapy has shown preliminary efficacy in
the first-line treatment of HCC. PD-1-targeted immu-
notherapy, as a checkpoint inhibitor, shows promising
efficacy and safety in patients with advanced HCC [7, 8].
However, not all patients show responses to checkpoint
inhibitor-based therapy. Additionally, there are many
side effects of PD-1 targeted treatment, such as fatigue,
rash, decreased appetite, thyroid dysfunction, immune
colitis, autoimmune hepatitis, and immune-related pneu-
monia [7, 9]. Repeated TACE has been an important

local therapeutic strategy for HCC; however, there is a
potential risk of liver damage or even liver failure associ-
ated with this treatment [10]. HAIF has proven to be an
effective and safe treatment in advanced HCC and may
improve both progression-free survival (PFS) and OS in
patients with advanced HCC [11].

Whether combination therapy significantly improves
efficacy and whether it increases side effects is a con-
cern of clinicians. However, the beneficial effects and
side effects of lenvatinib-based combination treatment in
HCC in the real world remain unclear.

In the last three years, a subset of HCC patients in our
center were treated with lenvatinib monotherapy, includ-
ing some who were treated with lenvatinib-based combi-
nation treatment,such as lenvatinib plus PD-1 antibody
and lenvatinib plus local treatment. We conducted a ret-
rospective study to evaluate the efficacy and side effects of
the real-world use of these therapies in patients with HCC.

Methods

Study design and patients

This was a retrospective single-center real-world study
of patients who received lenvatinib monotherapy or len-
vatinib-based combination treatment. Patients treated
with lenvatinib (n=39) or lenvatinib-based combina-
tion treatment (n=72) between Nov, 2018 and Sep,
2020 were enrolled. All patients were pathologically or
clinically diagnosed with HCC according to the standards
of the American Association for the Study of Liver Dis-
eases (AASLD) [12]. This study was part of a larger trial
(observational study of primary liver cancer) which was
approved by the Ethics Committee of Nanfang Hospital,
Southern Medical University (20202X09201017). The
study design flow chart is shown in Fig. 1.

Study treatment

Patients received oral lenvatinib (12 mg/day for body-
weight>60 kg and 8 mg/day for bodyweight<60 kg).
For treatment with PD-1 antibodies, patients received
intravenous toripalimab (240 mg every 3 weeks), camreli-
zumab (200 mg every 3 weeks), sintilimab (200 mg every
3 weeks), tislelizumab (200 mg every 3 weeks), or pem-
brolizumab (2 mg/kg every 3 weeks). For TACE or HAIF
treatment, patients received TACE / HAIF every one or
two months.
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Fig. 1 Flow chart of study design

Assessments

Clinical and laboratory data from eligible patients were
collected prior to initiation of lenvatinib or lenvatinib
combination therapy. Tumor staging was determined
according to the Barcelona Clinic Liver Cancer (BCLC)
staging system, and included Eastern Cooperative
Oncology Group (ECOG) performance status, Child-
Pugh score, tumor size, tumor number, vascular inva-
sion, and extrahepatic metastasis. Patient characteristics
are shown in Table 1. Tumor evaluation was based on
enhanced computed tomography (CT) or magnetic reso-
nance imaging (MRI). Patients underwent baseline con-
trast CT/MRI and contrast CT/MRI at follow-up every
6—12 weeks. Response evaluation criteria in solid tumors
(RECIST) was used to evaluate tumor responses [12,
13]. The specific criteria were as follows: (1) complete
response (CR), all target lesions disappeared; (2) par-
tial response (PR), the total diameter of the target lesion
was reduced by 30% or more; (3) stable disease (SD), the
total diameter of the target lesion was not reduced as

Table 1 Baseline characteristics of patients

Page 3 of 10

classified in PR and not increased as classified for dis-
ease progression; (4) progressive disease (PD), the total
diameter of the target lesions increased by 20% or more
or new lesions appeared. Treatment-related adverse
events (TRAEs) were recorded and graded according to
the Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0.

Statistics

Comparisons of the efficacy of lenvatinib and different
PD-1 antibodies were not conducted due to the small
sample size of each group after grouping. The primary
efficacy endpoint was OS, which was compared between
the lenvatinib monotherapy group and the combination
treatment group. The secondary endpoints were PFS and
time to progression (TTP) in the lenvatinib monotherapy
group and combination group. Exploratory analyses were
conducted to evaluate treatment efficacy in subgroups of
patients who had received different numbers of lines of
prior systemic treatment and different kinds of combina-
tion therapy.

OS was defined as the time from start of indicated
treatment to death. PFS was defined as the time between
initiation of indicated treatment to tumor progression or
death. TTP was defined as duration from indicated treat-
ment to tumor progression. The objective response rate
(ORR) was defined as the proportion of patients with
CR or PR after treatment of the total number of evalu-
able cases. Disease control rate (DCR) was defined as
the number of remission and stable cases after treatment
as the percentage of the total evaluable cases. Survival
analysis was conducted using the Kaplan-Meier method
and the log-rank test was used to evaluate the statistical
significance of inter-group differences in survival. All sta-
tistical analyses were performed using SPSS. P <0.05 was
considered significant.

LEN monotherapy LEN combination LEN+PD1 LEN + HAIF/TACE LEN+PD1 4 HAIF/
(n=39) (n=72) (n=30) (n=24) TACE
(n=16)
Age (Median = SE) 50+133 51+119 505+£106 55+£13.1 50+128
Gender (Male/Female) 37/2 66/6 28/2 23/1 13/3
BCLC stage (A/B/C) 6/11/22 11/14/47 5/5/20 3/5/16 3/3/10
HBV infection (Yes/No) 33/6 65/7 28/2 22/2 13/3
AFP (ng/ml) (<400/> 400) 24/15 33/39 15/15 9/15 8/8
Median follow-up (week) 44.7 45.1 489 45.2 364
Child-Pugh (A/B) 7/32 7/65 4/26 2/24 16/16

AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; HAIF, hepatic arterial infusion with drug filtration; HBV, hepatitis B virus; LEN, lenvatinib; PD1, programmed

cell death protein-1; TACE, transcatheter arterial chemoembolization
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Results

Clinical course of patients

A total of 111 patients who had at least one imaging
follow-up and were available for radiological assessment
of tumor response between Nov, 2018 and Sep, 2020
were enrolled. Patients not available for tumor response
assessment, lost to follow-up, or who died before the first
radiological evaluation were excluded. Baseline charac-
teristics of patients are summarized in Table 1. In total,
39 patients received lenvatinib monotherapy during the
study period and 72 patients received lenvatinib-based
combination treatment. Of the 72 patients who received
lenvatinib-based combination treatment, 30 patients
received lenvatinib and anti-PD-1 antibodies, 24 received
lenvatinib with local treatment (TACE or HAIF), and 16
received triple therapy with lenvatinib plus local treat-
ment (TACE or HAIF) and anti-PD-1 antibodies. One
patient received lenvatinib plus microwave ablation. And
one patient received lenvatinib plus microwave ablation
and local radiotherapy.

Treatments received prior to initiation of lenvatinib
therapy are shown in Table 2. Seventeen patients (15.3%)
had BCLC A stage disease, 25 patients (22.5%) had BCLC
B stage, and 69 patients (62.2%) had BCLC C stage. The
mean treatment time of lenvatinib monotherapy was 5.9
months, and the mean treatment time of combination
treatment was 8.2 months. The median follow-up period

Table 2 Treatment prior to lenvatinib therapy

LEN monotherapy LEN combination

First-line treatment 27/69% 62/86%
Second-line treatment 12/31% 8/11%
Sorafenib 12/31% 3/4%
Apatinib 0 3/4%
PD-1 antibody 0 2/3%
Third-line treatment 0 2/3%

Data are presented as n/%

LEN, lenvatinib; PD-1, programmed cell death protein-1

Table 3 Efficacy of lenvatinib in patients with uHCC
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was 44.7 weeks for patients who received lenvatinib mon-
otherapy and 45.0 weeks for patients who received com-
bination treatment.

At data cut-off (Feb 2021), 10 (25.6%) and 38 (52.8%)
patients were still receiving lenvatinib monotherapy and
combination treatment, respectively. Discontinuation of
lenvatinib or combination therapy was mainly due to dis-
ease progression.

Efficacy

In the lenvatinib monotherapy group, no patient achieved
a CR, 6 (15%) participants achieved a PR, and 21 (54%)
individuals had SD. The ORR and DCR for lenvatinib
monotherapy were 15 and 69%, respectively (Table 3).
Median OS was 80 (95% CI 68-92) weeks, median PFS
was 24.3 weeks, and median TTP was 24.3 weeks (Fig. 2).

For patients receiving combination treatment, 3%,
26%, and 58% had a CR, PR, and SD, respectively. The
ORR and DCR were 29 and 87%, respectively (Table 3).
Median OS was 99 weeks, median PFS was 45.6 weeks,
and median TTP was 46.3 weeks for the lenvatinib com-
bination group (Fig. 2).

Survival analysis showed that OS, PFS, and TTP for
patients in the combination treatment cohort were all
significantly longer compared to that of patients in the
monotreatment cohort (OS: P=0.04, PFS: P=0.003;
TTP, P=0.005) (Fig. 2). Representative images from
patients treated with lenvatinib monotherapy and combi-
nation therapy before and after treatment are shown in
Fig. 3.

Safety

In total, 37 (94.9%) patients in the lenvatinib monother-
apy group experienced at least one TRAE. The most com-
mon adverse events with lenvatinib monotherapy were
elevated transaminase (n=18; 46.2%), anemia (n=13;
33.3%), proteinuria (n=12; 30.85%), diarrhea (n=7;
18.0%), and fatigue (n=7; 18.0%). Grade 3 or higher

LEN monotherapy LEN combination LEN +PD1 (n=30) LEN + HAIF/TACE LEN + PD1 + HAIF/
(n=39) (n=72) (n=24) TACE (n=16)

CR 0 2/3% 1/3% 0 0

PR 6/15% 19/26% 10/33% 7/29% 2/13%

SD 21/54% 42/58% 12/40% 17/71% 12/75%

ORR 15% 29% 36% 29% 13%

DCR 69% 87% 76% 100% 88%

Data are presented as n/%

LEN, lenvatinib; PD-1, programmed cell death protein-1 targeted immunotherapy; HAIF, hepatic arterial infusion with drug filtration; TACE, transcatheter arterial
chemoembolization; CR, complete response; ORR, objective response rate; DCR, disease control rate; PR, partial response; SD, stable disease
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adverse events occurred in 28.2% of patients in the len-
vatinib monotherapy group (Table 4). A dose delay due to
adverse events was required in 10 (27.0%) patients treated
with lenvatinib monotherapy. Fatal adverse events related
to lenvatinib treatment occurred in 1 patient (2.6%) who
had hepatic failure.

67 (93.1%) patients in the combination treatment
group experienced at least one TRAE. The most com-
mon adverse events in the lenvatinib combination ther-
apy group were elevated transaminase (n=28; 38.9%),
proteinuria (n=25, 34.7%), anemia (n=23; 31.9%), leu-
kopenia (n=16; 22.2%), diarrhea (n=13; 18.1%), thyroid
dysfunction (n=13, 18.1%), and hypertension (n=11;
15.3%) (Table 5). Observed grade 3 or higher adverse
events occurred in 23.6% of patients in the combination
treatment group. A dose delay due to adverse events was
required in 18 (25.0%) patients in the combination treat-
ment group (Table 5). Fatal adverse events related to
combination treatment occurred in 1 patient (1.4%), who
had intestinal hemorrhage.

In terms of safety, the proportions of patients who
developed any grade or high grade adverse events were
similar between lenvatinib monotherapy and lenvatinib
combination therapy.

Fig. 3 Representative images of liver tumor size in patients before
and after lenvatinib treatment. A A CT image of a male patient before
lenvatinib monotreatment (left) and 23 months after lenvatinib
treatment (right). B A CT image of a female patient before treatment

(left) and 4 months after lenvatinib +PD1+ HAIF treatment (right)

Efficacy according to line of systemic treatment

In the lenvatinib monotreatment group, 27 patients
(69%) received lenvatinib as the first-line systemic treat-
ment, and 12 patients (31%) received it as a second-line
systemic treatment. ORR and DCR for first-line treat-
ment vs. second-line treatment were 19% vs. 8% and 63%
vs. 83%, respectively (Table 6). Survival analysis showed
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Table 4 Treatment-related adverse events in HCC patients with  Table 6 Efficacy of first-line treatment and second-line
Lenvatinib monotherapy treatment in lenvatinib monotreatment group
Adverse event Any grade Grade |-l Grade llI-V LEN (n=39) First-line treatment Second-line
(n=27) treatment
Any adverse event 37/94.9% 26/66.7% 11/28.2% (n=12)
Rash 2/5.1% 2/5.1% 0/0.00% R 0 0
Diarrhea 7/18.0% 6/154% 1/2.6% PR s :
Anemia 13/33.3% 10/25.6% 3/7.7% D 1 9
Elevated transaminase 18/46.2% 9/23.1% 9/23.1% PO 10 5
Hypertension 3/7.7% 3/7.7% 0/0.00%
, ORR 19% 8%
Leukopenia 4/10.3% 4/10.3% 0/0.00%
o DCR 63% 83%
Hypothyroidism 6/154% 6/154% 0/0.00%
Bleeding 6/15.4% 6/15.38% 0/0.00% LEN, lenvatinib; CR, complete response; PR, partial response; SD, stable disease;
’ ’ ’ PD, progressive disease; ORR, objective response rate; DCR, disease control rate
Proteinuria 12/30.8% 11/28.2% 1/2.6%
Fever 1/2.6% 1/2.6% 0/0.00%
Fatigue 2/18.0% 2/18.0% 0/0.00% received lenvatinib combination therapy in third-line,
Hand-foot skin reaction 6/15.4% 6/15.4% 0/0.00% we grouped patients into a first-line treatment group and
Dysphonia 1/2.6% 1/2.6% 0/0.00% a non-first-line treatment group (second- or third-line
Decreased appetite 3/7.79% 3/7.79% 0/0.00% treatment). ORR and DCR for first-line treatment vs.
Vomitting 1/2.6% 1/2.6% 0/0.00% non-first-line treatment were 32% vs. 10 and 87% vs. 90%,

Data are presented as n/%

that OS and PFS were significantly lower in the second-
line systemic treatment subgroup compared with the
first-line systemic treatment subgroup (Fig. 4A, B).

In the lenvatinib combination treatment group, 62
patients (86%) received lenvatinib as first-line treatment,
8 patients (11%) in second-line, and 2 patients (3%) in
third-line. As there was a low number of patients who

Table 5 Treatment-related adverse events in HCC patients with
Lenvatinib based combination treatment

Adverse Event Any Grade Grade I-I Grade llI-V
Any adverse event 68/94.4% 49/68.5% 19/26.3%
Rash 7/9.7% 7/9.7% 0/0.00%
Diarrhea 13/18.1% 10/13.9% 3/4.2%
Anemia 23/31.9% 16/22.2% 7/9.7%
Elevate transaminase 28/38.9% 21/29.2% 7/9.7%
Hypertension 11/15.3% 8/11.1% 3/4.2%
Leukopenia 16/22.2% 12/16.7% 4/5.6%
Thyroid dysfunction 13/18.1% 13/18.1% 0/0.00%
Constipation 4/5.6% 4/5.6% 0/0.00%
Bleeding 8/11.1% 8/11.1% 0/0.00%
Vision loss 1/1.4% 1/1.4% 0/0.00%
Proteinuria 25/34.7% 25/34.7% 0/0.00%
Fever 2/2.8% 2/2.8% 0/0.00%
Fatigue 9/12.5% 9/12.5% 0/0.00%
Hand-foot skin reaction 10/13.9% 10/13.9% 0/0.00%
Decreased appetite 4/5.6% 4/5.6% 0/0.00%
Vomitting 3/4.2% 3/4.2% 0/0.00%
Bloody stools 1/1.4% 1/1.4% 0/0.00%

Data are presented as n/%

respectively (Tables 6, 7). There was no significant differ-
ence in OS or PES between the first-line treatment sub-
group and non-first-line treatment subgroup (Fig. 4C, D).

Efficacy subgroup analysis by type of combination therapy
In the lenvatinib plus anti-PD-1 antibody group, 1 (3%)
and 10 (33%) patients achieved a CR or PR, respectively
and 12 (40%) patients had SD. The ORR and DCR for the
lenvatinib plus anti-PD-1 antibody cohort were 36 and
76%, respectively (Table 3). In the lenvatinib plus TACE/
HAIF-treated patients, no patients achieved a CR, and 7
(29%) and 17 (71%) participants achieved a PR and SD,
respectively. The ORR and DCR for the lenvatinib plus
TACE/HAIF cohort were 29 and 100%, respectively
(Table 2). In the lenvatinib plus TACE/HAIF and anti-
PD-1 antibody cohort, no participants achieved a CR,
and 2 (13%) and 12 (75%) patients showed a PR and SD,
respectively. The ORR and DCR for this cohort were 13
and 88%, respectively (Table 2).

Median OS for the lenvatinib plus anti-PD-1 anti-
body cohort was 88.7 weeks and median PFS was 43.6
weeks. Median PFS for the lenvatinib plus TACE/HAIF
cohort was 47.7 weeks. Median OS for the lenvatinib plus
TACE/HAIF cohort and lenvatinib plus TACE/HAIF and
anti-PD-1 cohort has not been reached. Median PFS for
the lenvatinib plus TACE/HAIF and anti-PD-1 cohort
has also not been reached. The results of subgroup analy-
sis showed that there was no significant difference in OS
and PFS between the different combination treatment
groups (Fig. 5).

Moreover, we conducted a subgroup analysis in
patients who received lenvatinib and local treatment
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Fig. 4 Subgroup analysis according to line of systemic treatment. Kaplan—Meier analysis of overall survival (A) and progression-free survival (B) in
patients receiving lenvatinib monotreatment. Kaplan-Meier analysis of overall survival (C) and progression-free survival (D) in patients receiving
combination treatment

according to the local treatment method. As shown in
Fig. 6, there was no significant difference in OS and PFS
between patients receiving HAIF and TACE.

Discussion

Hepatitis B virus (HBV) infection is the major cause of
liver cirrhosis and HCC in China [14]. HBV infections
may develop into HCC due to genetic mutations induced
by HBV [15]. Over 80% of HCC patients in China have
an HBV infection. Our cohort was representative of this
and 89% of patients had an HBV infection. To the best of
our knowledge, this is the first real-world study evaluat-
ing lenvatinib and lenvatinib combination treatment in
patients with HBV-related HCC.

In our single-center, real-world study, Chinese HCC
patients who received lenvatinib monotherapy had
an OS of 18.7 months vs. 13.6 months in the Phase III
REFLECT trial, the PFS was 5.6 months vs. 7.3 months
in the REFLECT trial, and the TTP was 5.6 months vs.
7.4 months in the REFLECT trial [4]. TRAEs occurred
in 94.9% of the patients in our study vs. 98.7% in the
REFLECT trial. The most common TRAEs for lenvatinib
treatment in our study were elevated transaminase
(46.2%), anemia (33.3%), proteinuria (30.85%), diar-
rhea (18.0%), and fatigue (18.0%). The side effect spec-
trum observed in the present study was slightly different
from that in the REFLECT trial. For example, the rate of
grade 3 or higher TRAEs was much lower in our study
compared with the REFLECT trial (28.2% vs. 75%). The
dose interruption rate was also lower than that in the
REFLECT trial (27% vs. 40%). In summary, our study
supports the treatment effect and safety of lenvatinib
monotherapy reported in the REFLECT study.

In this study, we conducted a stratified analysis based
on patient’s previous treatment, and the results suggest
that patients receiving lenvatinib treatment in first-line
had significantly longer OS and PFS than those who were

treated with lenvatinib in second line. To our knowledge,
this is the first study comparing first-line versus second-
line lenvatinib treatment. Our results suggest that len-
vatinib is more advantageous when used as a first-line
treatment than as a second-line treatment.

Combination treatment strategies that combine molec-
ular targeted therapies with PD-1-targeted immunother-
apies are currently being explored in patients with uHCC.
These combination therapy approaches are extremely
promising because combining the two drugs produces
not just an additive effect, but rather a synergistic effect
against the immunosuppressive tumor microenviron-
ment [16, 17]. In our study, lenvatinib-based combination
treatment led to a higher ORR and DCR, as well as longer
OS and PFES versus lenvatinib monotherapy. This find-
ing suggests that combination therapy had better efficacy
than monotherapy, which is in-line with the conclusions
of the existing literature. Furthermore, in our study, the
safety of lenvatinib combination treatment was similar to
lenvatinib monotherapy, with comparable incidences of
TRAEs and severe TRAEs in the two groups.

There have been a number of recent phase Ib/II clini-
cal studies exploring the treatment effects of an anti-
PD-1 antibody combined with lenvatinib for HCC
patients. A phase I clinical study of lenvatinib plus
pembrolizumab, which enrolled 13 HCC patients with
BCLC stage B/C disease, showed that 46%, 46%, and
92% of patients achieved a PR, SD, and DCR, respec-
tively. TRAEs occurred in 94% of patients in this study,
and the most common TRAEs were decreased appe-
tite and hypertension [18]. In our cohort of 30 HCC
patients receiving lenvatinib plus anti-PD-1 antibodies,
33% achieved a PR, 40% achieved SD, and the DCR was
76%. TRAEs occurred in 96.7% of the patients, and grade
3 TRAEs occurred in 26.7%; there were no grade 4 or 5
TRAEs. Similar to the results of the above phase I clinical
study, our study suggests that combined lenvatinib and
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Table 7 Efficacy of first-line treatment and non-first line treatment in lenvatinib combination treatment group

LEN combination treatment  First line treatment (n =62)

Second line treatment (n =8)

Third-line treatment (n=2)  Non-first line

treatment
(n=10)
CR 1 0 1 1
PR 19 0 0 0
SD 34 8 0 8
PD 8 0 1 1
ORR 32% 0% 50% 10%
DCR 87% 100% 50% 90%

CR, complete response; DCR, disease control rate; LEN, lenvatinib; ORR, objective response rate; PD, progressive disease; PR, partial response; SD, stable disease
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Fig. 5 Subgroup analysis of the combination therapy group according to treatment. Kaplan-Meier analysis of overall survival (A) and
progression-free survival (B) in patients receiving lenvatinib plus PD-1 antibodies, lenvatinib plus TACE/HAIF, or lenvatinib plus PD-1 antibodies and
TACE/HAIF

anti-PD-1 antibody therapy achieved a remarkable anti-
tumor effect and controllable side effects.

Clinical studies of new combination therapies for
HCC, which combine lenvatinib with TACE/HAIC or
lenvatinib plus pembrolizumab with TACE are currently
recruiting study participants. However, no preliminary
research results have been reported yet. Our research
shows that lenvatinib combined with TACE/HAIC
yielded a remarkable antitumor effect with an ORR of
29% and DCR of 100%. Moreover, we noticed that in the
subgroup analysis of lenvatinib combination treatment,

the efficacy of triple therapy (lenvatinib plus anti-PD-1
antibody plus TACE or HAIF) was similar to lenvatinib
plus anti-PD-1 antibodies or lenvatinib plus TACE or
HAIFE. This suggests that triple therapy may not be more
advantageous than dual therapy. We plan to conduct a
prospective study to compare the efficacy of lenvatinib-
based triple therapy and dual therapy to further verify
this conclusion.

A prospective, non-randomized, phase II study
showed that HAIF yielded significantly better treatment
responses than TACE for patients with massive uHCC
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Fig. 6 Subgroup analysis of combination therapy according to local treatment. Kaplan-Meier analysis of overall survival (A) and progression-free
survival (B) in patients receiving monotreatment

[19]. In our study, the effect of lenvatinib combined with
TACE was similar to that of lenvatinib combined HAIF.
This may be due to the small sample size in each group.
We will further expand the sample size to verify this
conclusion.

There are two main limitations to our study, in addition
to the inherent biases present in real-world observational
studies. Firstly, this study was retrospectively designed
which has inherent limitations including selection bias.
Secondly, the sample size was relatively small, particu-
larly for the subgroup analysis, which may have resulted
in a reduced statistical power and a risk of bias.

In conclusion, our real-world study showed that len-
vatinib monotherapy and lenvatinib-based combination
therapy were well tolerated with encouraging efficacy in
patients with uHCC. Compared with monotherapy, com-
bination therapy showed a better curative effect without
significantly increasing the incidence of adverse reac-
tions. In patients who failed a first-line TKI treatment,
lenvatinib-based combination therapy may be a better
choice than lenvatinib single-agent therapy. Lenvatinib-
based triple therapy may not be more advantageous than
dual therapy.
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