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Abstract: Recently, a prospective randomized study suggested that transcatheter arterial chemoembolization (TACE) 
plus lenvatinib, as opposed to TACE plus sorafenib, was an effective and promising treatment for patients with 
advanced hepatocellular carcinoma (HCC) having portal vein thrombus (PVTT) and large tumor burden. However, 
no propensity score matching retrospective studies on TACE with drug-eluting beads (DEB-TACE) plus lenvatinib 
(DEB-TACE+LEN) versus DEB-TACE plus sorafenib (DEB-TACE+SOR) for advanced HCC has been reported to date. 
The medical records of consecutive patients with advanced HCC who underwent DEB-TACE+LEN or DEB-TACE+SOR 
between January 2017 and December 2020 were retrospectively reviewed. Mutation genes (VEGF, ANG2, FGF19, 
FGF21, and FGF23) were measured by whole-exome sequencing (WES). Adverse events (AEs), objective response 
rate (ORR), disease control rate (DCR), overall survival (OS) and time to progression (TTP) were compared between 
patients who underwent DEB-TACE+LEN and DEB-TACE+SOR. In total, 150 patients were enrolled in this study. 
The DEB-TACE+LEN group (n=50) showed significantly better ORR (64.0% vs. 33.3%; P=0.008), OS (hazard ratio 
[HR]=0.63, 95% confidence interval (CI): 0.41-0.98; P=0.043), and TTP (HR=0.65, 95% CI: 0.45-0.94; P=0.023) 
than that in the DEB-TACE+SOR group (n=100). Subgroup analyses showed that in patients with portal vein tumor 
thrombus (PVTT), OS and TTP were significantly longer in the DEB-TACE+LEN group than in the DEB-TACE+SOR group 
(HR=0.59, 95% CI: 0.36-0.98; P=0.043; HR=0.89, 95% CI: 0.35-2.29; P=0.035). In patients with FGF21 amplifica-
tion, OS was also significantly longer in the DEB-TACE+LEN group than that in the DEB-TACE+SOR group (HR=0.19, 
95% CI: 0.06-0.66; P=0.003). The patients in DEB-TACE+LEN group had a significantly lower incidence of hand-foot 
skin reaction (32.0% vs. 49.0%; P=0.048), but a higher incidence of proteinuria (26.0% vs. 10.0%; P=0.010) than 
that in the DEB-TACE+SOR group. In conclusion, DEB-TACE+LEN conferred better ORR, OS and TTP than did DEB-
TACE+SOR in patients with advanced HCC, especially those with PVTT and FGF21 amplification, with acceptable 
AEs; thus making it a superior treatment modality for these patients.
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Implications for practice

Patients in the DEB-TACE+LEN group achieved 
better ORR, OS and TTP than those in the DEB-
TACE+SOR group, especially those with PVTT 
and FGF21 amplification. AEs were also within 
the acceptable frequency in both groups. Thus, 
DEB-TACE plus lenvatinib is a superior treat-
ment modality for these patients.

Introduction

Hepatocellular carcinoma (HCC) is the most  
frequent primary liver malignancies. More than 

70% of patients are unsuitable for curative ther-
apy, such as hepatectomy, transplantation or 
liver ablation [1]. In 2007, sorafenib was the 
first oral tyrosine kinase inhibitor (TKI) as a 
standard treatment in patients with unresect-
able HCC [2]. In 2018, the REFLECT trial show- 
ed that lenvatinib was non-inferior to sorafenib 
in overall survival (OS), for patients with unre-
sectable HCC [3]. Then, both the American 
Association for the Study of Liver Diseases 
(AASLD) and the European Association for the 
Study of the Liver (EASL) recommended the 
first-line administration of lenvatinib or sora- 
fenib as standard of care for HCC patients with 
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Barcelona Clinic Liver Cancer Stage (BCLC) 
stage C [4, 5]. Up until 2020, atezolizumab plus 
bevacizumab was recommended as the first-
line treatment in patients with unresectable 
HCC by the Food and Drug Administration (FDA), 
based on data in the IMbrave 150 trial, which 
widened the treatment landscape for unresect-
able HCC [6, 7]. However, there were 48% of 
patients receiving prior local therapy in the 
atezolizumab-bevacizumab group, which indi-
cated the importance of local plus systemic 
therapy.

For patients with unresectable HCC, China 
Liver cancer staging (CNLC) IIIa or IIIb, Chinese 
practice guidelines for transcatheter arterial 
chemoembolization (TACE) consider it to be an 
effective modality [8]. There were many studies 
on TACE plus sorafenib for unresectable HCC. 
Most studies on TACE plus sorafenib versus 
TACE alone for unresectable HCC, such as the 
SPACE, post-TACE and TACE 2 trials [9-11], did 
not show any clinical benefit when sorafenib 
was added to TACE. In contrast, the TACTICS 
trial was the first to demonstrate that TACE plus 
sorafenib achieves significantly better progres-
sion-free survival (PFS) compared to TACE alone 
in unresectable HCC, especially BCLC stage C. 
The benefit is primarily due to longer treatment 
duration of sorafenib and more reasonable 
experimental design [12]. Victor et al. also 
found that the addition of TACE to sorafenib 
improved OS compared with sorafenib alone for 
patients with HCC, BCLC stage C [13]. These 
results suggest that TACE plus sorafenib is a 
effective and promising treatment for patients 
with unresectable HCC, especially BCLC stage 
C.

Recently, a prospective randomized single-cen-
ter study showed that TACE plus lenvatinib had 
more favorable efficacy compared to TACE plus 
sorafenib in advanced HCC [14]. However, the 
reasons on the superiority of TACE plus lenva-
tinib versus TACE plus sorafenib as first-line 
therapy in advanced HCC remains unknown. 
Richard SF et al. firstly reported that vascular 
endothelial growth factor (VEGF), fibroblast 
growth factor (FGF) 19, FGF21, FGF23, and 
angiopoietin (ANG) 2 may be related to OS 
treated with lenvatinib or sorafenib in patients 
with unresectable HCC. Higher baseline FGF21 
had better OS with lenvatinib compared to 
sorafenib [15]. However, this needs to be veri-
fied on whether mutation genes (VEGF, ANG2, 

FGF19, FGF23, and FGF21) were among rea-
sons why TACE plus lenvatinib was superior to 
TACE plus sorafenib in advanced HCC.

Drug-eluting beads (DEB) can be loaded with 
chemotherapy drugs to lower peripheral blood 
drug concentration, delivering longer concen-
trations to the target than conventional lipiodol 
[16-18]. Pawlik et al. firstly reported that TACE 
with DEB (DEB-TACE) plus sorafenib was toler-
able and safe in unresectable HCC, 64% of 
whom were BCLC stage C [19]. In this 1:2  
propensity score matching retrospective study, 
we aimed to investigate the safety and efficacy 
of DEB-TACE plus lenvatinib (DEB-TACE+LEN)  
in comparison with that of DEB-TACE plus 
sorafenib (DEB-TACE+SOR) for advanced HCC 
and confirm the correlation between mutation 
genes (VEGF, ANG2, FGF19, FGF21, and FGF23) 
and the clinical outcome in both groups.

Materials and methods

Study design and patients

This was a retrospective controlled study of 
774 consecutive patients with advanced HCC 
who underwent DEB-TACE+LEN or DEB-TACE+ 
SOR between January 2017 and December 
2020 at the First Affiliated Hospital of Sun Yat-
Sen University. The inclusion criteria were as 
follows: (a) Diagnosed via biopsy, cytology or 
diagnostic imaging (e.g., computed tomography 
(CT) or magnetic resonance (MR)) according to 
the criteria of AASLD [4]; (b) Age ≥18 years; (c) 
Eastern Cooperative Oncology Group (ECOG) 
performance status (PS) of 0 or 1 [2]; (d) Child-
Pugh A or B and adequate organ function; (e) 
BCLC Stage C tumors. The exclusion criteria 
were as follows: (a) Diffuse tumor lesions or 
main portal vein tumor thrombus (PVTT); (b) 
Child-Pugh C; (c) Another previous or current 
malignant tumor; (d) Cardiac disease or serious 
and active infection, except for hepatitis B virus 
(HBV); (e) Hepatic encephalopathy, uncon-
trolled ascites, or pleural effusion; (f) Underwent 
surgery, liver transplantation, or other local-
regional therapies (hepatic artery infusion che-
motherapy, liver ablation, or iodine 125 parti-
cles implantation); (g) Underwent previous 
anti-tumor treatments.

After propensity score matching, safety and 
efficacy outcomes were compared between  
50 DEB-TACE+LEN patients and 100 DEB-
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TACE+SOR patients. This study was approved 
by the Institutional Review Board. The require-
ment to obtain informed consent was waived 
owing to the retrospective nature of the study.

Treatment protocol

The choice of DEB-TACE+LEN or DEB-TACE+SOR 
was recommended by interventional physicians 
(L.J.P., W.Y., F.W.Z.). If the patient agreed with 
the physicians’ suggestion, lenvatinib or sora- 
fenib was administered 2-3 weeks prior to the 
first DEB-TACE session. All patients were start-
ed on sorafenib (800 mg/day, Nexavar® [Bayer 
Co., Ltd., Leverkusen, Germany]) or lenvatinib 
(8 mg/day (<60 kg) or 12 mg/day (≥60 kg), 
Lenvima® [Eisai Co., Ltd., Tokyo, Japan]). Len- 
vatinib or sorafenib was terminated for 2 days 
before and 2 days after each DEB-TACE ses-
sion. For patients who experienced sorafenib- 
or lenvatinib-related adverse events (AEs), the 
dose was reduced based on the National 
Cancer Institute Common Terminology Criteria 
for Adverse Events (NCI-CTCAE), version 3.0 
[16].

TACE was performed with microcatheter 
(Renegade, Boston Scientific, Natick, Mass; 
Progreat, Terumo, Tokyo, Japan) through liver 
arteries, depending on tumor blood supply dis-
tribution. Initially, an emulsion of 100-300 µm 
Callisphere DEB (Hengrui, Jiangsu, China) and 
40-80 mg doxorubicin (Pfizer, New York, USA) 
was injected into the feeding arteries. The dos-
age of Callisphere and doxorubicin was decided 
according to tumor number, tumor size, blood 
supply, presence of arterioportal shunt and 
underlying liver function. The first image was 
taken 4 weeks after the first DEB-TACE proce-
dure. Repeat TACE was recommended when 
blood supply range was >50% that of the base-
line tumor or new intrahepatic lesions measur-
ing >10 mm was found by using CT or MR.

Propensity score matching

The propensity score was estimated to fit the 
following 11 variables: age, sex, the presence 
of HBV, cirrhosis, ECOG PS score, alpha-feto-
protein (AFP) level, Child-Pugh class, intrahe-
patic tumor number, tumor size, PVTT and 
extrahepatic metastasis. To create a propensi-
ty-matched set of patients treated with DEB-
TACE+LEN or DEB-TACE+SOR (1:2 match), a 
nearest neighbor matching algorithm with a 
greedy heuristic was used [21].

Whole-exome sequencing

Samples obtained from the tumor biopsy were 
stored in liquid nitrogen at -80°C before the 
extraction. There were 43 samples collected 
for whole-exome sequencing (WES) in the 150 
advanced HCC patients after propensity score 
matching. There were about 27,000 encoded 
exons sequenced and compared to obtain spe-
cific mutation information about the tumors 
using SureSelect Human All Exome Kit V5 
(Agilent Technologies, Santa Clara, CA, USA). 
Exome shotgun libraries were sequenced on 
Illumina Xten platforms, generating 150 bp 
paired reads at each end. Sequencing adapters 
and low-quality reads were removed for high 
quality reads. Then, mutation genes (VEGF, 
ANG2, FGF19, FGF21, and FGF23) were detect-
ed in the 43 patients based on WES.

Follow-up

The first follow-up was performed 4 weeks after 
the first DEB-TACE and involved clinical, labora-
tory, and radiologic assessments. Radiologic 
evaluations included CT or MR imaging. Labo- 
ratory examination included numbers of blood 
cells, AFP, prothrombin time (PT), aspartate 
aminotransferase (AST), alanine aminotrans-
ferase (ALT), total bilirubin (TBil) and serum 
albumin (ALB), etc. Follow-up of all patients was 
performed at a 4-6 weeks interval after oral TKI 
or DEB-TACE.

Assessments

AEs associated with DEB-TACE, TKI were report-
ed according to the NCI-CTCAE version 3.0. 
DEB-TACE related AEs, including abdominal 
pain, fever, nausea, and vomiting, were record-
ed until 4 weeks after DEB-TACE. Lenvatinib-
related or sorafenib-related AEs, including 
hand-foot syndrome, hypertension, and pro-
teinuria were observed until discontinuation of 
lenvatinib or sorafenib.

Treatment response was assessed using CT or 
MR imaging based on the modified Response 
Evaluation Criteria in Solid Tumors (mRECIST) 
[22]. Treatment response was accordingly  
classified as complete response (CR), partial 
response (PR), stable response (SD), and pro-
gressive disease (PD). Tumor response was 
performed every 4-8 weeks. We compared the 
objective response rate (ORR) (CR+PR) and dis-
ease control rate (DCR) (CR+PR+SD) between 
the DEB-TACE+LEN and DEB-TACE+SOR groups.
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We also compared OS and time to progression 
(TTP) between the two groups. OS was defined 
as the time from the start of sorafenib or lenva-
tinib to death from any cause. TTP was defined 
as the time from the start of sorafenib or lenva-
tinib to progression from any cause. Progression 
in the study was defined as radiological pro-
gression as determined by mRECIST, transient 
deterioration of liver function to Child-Pugh C 
after the combination therapy or any cause of 
death. We compared the AEs, ORR, DCR, OS 
and TTP between the DEB-TACE+LEN and DEB-
TACE+SOR groups.

Statistical analyses

Between-group comparisons were performed 
using Pearson χ2, Fisher’s exact tests, and con-
tinuity correction and independent samples t. A 
logistic regression model was used to perform 
propensity score matching and univariate and 
multivariate analyses. Survival curves were  
calculated using the Kaplan-Meier method. 
Confidence interval (CI) and hazard ratio [HR] 
were estimated using Cox proportional hazards 
models. All statistical analyses were performed 
using SPSS (version 23.0; SPSS, Chicago, IL, 
USA). All tests were two-tailed, and P<0.05 was 
considered significant.

and 15.0% (15/100) and 26.0% (26/100) of 
patients in the DEB-TACE+SOR group achieved 
CR and PR, respectively. The DEB-TACE+LEN 
group showed significantly better ORR than did 
the DEB-TACE+SOR group (64.0% vs. 33.3%; 
P=0.008). However, DCR was not significantly 
different between the two groups (76.0% vs. 
68.0%; P=0.310) (Table 2).

OS and TTP between the two groups

The median OS was 14.9 (95% CI: 11.2-18.6) 
and 12.3 (95% CI: 9.9-14.7) months for the 
DEB-TACE+LEN and DEB-TACE+SOR groups, 
respectively. OS was significantly longer in  
the DEB-TACE+LEN group than in the DEB-
TACE+SOR group (HR=0.63, 95% CI: 0.41-0.98; 
P=0.043) (Figure 2). The median TTP was 8.4 
(95% CI: 6.0-10.8) and 6.0 (95% CI: 5.5-6.5) 
months for the DEB-TACE+LEN and DEB-
TACE+SOR groups, respectively. TTP was signifi-
cantly better in the DEB-TACE+LEN group than 
the DEB-TACE+SOR group (HR=0.65, 95% CI: 
0.45-0.94; P=0.023) (Figure 2).

In patients with PVTT, subgroup analyses 
showed that median OS was 10.8 and 7.5 
months in the DEB-TACE+LEN and DEB-TACE+ 
SOR groups, respectively (HR=0.59, 95% CI: 

Figure 1. Patient inclusion flowchart. A total of 774 patients received DEB-
TACE+LEN or DEB-TACE+SOR as an initial treatment for advanced HCC between 
2017 and 2020. Of these, 54 patients in the DEB-TACE+LEN group and 199 in 
the DEB-TACE+SOR group met the eligibility criteria of this study. After propen-
sity score matching, safety and efficacy was compared between 50 patients in 
the DEB-TACE+LEN group and 100 in the DEB-TACE+SOR group.

Results

Patient characteristics

Before matching, the stu- 
dy included 176 patients 
(DEB-TACE+LEN, n=54; DEB- 
TACE+SOR, n=199) (Figure 
1; Table 1). After matching, 
there were 150 patients in- 
cluded in the study (DEB-
TACE+LEN, n=50; DEB-
TACE+SOR, n=100). The ba- 
seline patient characteris-
tics, including median age, 
serum AFP level, incidence 
of HBV, PVTT and extrahe-
patic metastasis, were not 
significantly different bet- 
ween the two groups (Table 
1).

Tumor response

In total, 28.0% (14/50) and 
36.0% (18/50) of patients 
in the DEB-TACE+LEN group 
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0.36-0.98; P=0.043). Median TTP was 5.1 and 
3.2 months in the DEB-TACE+LEN and DEB-
TACE+SOR groups, respectively (HR=0.89, 95% 
CI: 0.35-2.29; P=0.035). However, in patients 
without PVTT, subgroup analyses showed that 

TACE+LEN; OS and TTP were 23 and 7 months, 
respectively. Case 2 who underwent DEB-
TACE+SOR was evaluated for PD 1 month after 
DEB-TACE+SOR; OS and TTP were 10 and 1 
months, respectively.

Table 1. Patient baseline characteristics at the time of study entry before and after propensity score 
matching

Characteristicsa

Before Matching After Matching
DEB-TACE+LEN 

(n=54)
DEB-TACE+SOR 

(n=199) P value DEB-TACE+LEN 
(n=50)

DEB-TACE+SOR 
(n=100) P value

Age (y) 54 (50-62) 51 (43-60) 0.017 54 (49-61) 54 (49-63) 0.863
Sex 0.497 0.171
    Male 50 (92.6%) 189 (95.0%) 46 (92.0%) 97 (97.0%)
    Female 4 (7.4%) 10 (5.0%) 4 (8.0%) 3 (3.0%)
HBV 0.043 0.171
    Absence 6 (11.1%) 8 (4.0%) 46 (92.0%) 97 (97.0%)
    Presence 48 (88.9%) 191 (96.0%) 4 (8.0%) 3 (3.0%)
Cirrhosis 0.784 1.000
    Absence 14 (25.9%) 48 (24.1%) 12 (24.0%) 24 (24.0%)
    Presence 40 (74.1%) 151 (75.9%) 38 (76.0%) 76 (76.0%)
ECOG score 0.095 0.144
    0 39 (72.2%) 164 (82.4%) 37 (74.0%) 84 (84.0%)
    1 15 (27.8%) 35 (17.6%) 13 (26.0%) 16 (16.0%)
AFP (ng/ml) 1329 (10-9471) 3170 (234-39513) 0.033 1329 (18-10462) 264 (28-4234) 0.164
    ≤200 23 (42.6%) 46 (23.1%) 0.004 21 (42.0%) 45 (45.0%) 0.727
    >200 31 (57.4%) 153 (76.9%) 29 (58.0%) 55 (55.0%)
Child-Pugh class 0.476 0.757
    A 44 (81.5%) 170 (85.4%) 41 (82.0%) 84 (84.0%)
    B 10 (18.5%) 29 (14.6%) 9 (18.0%) 16 (16.0%)
Intrahepatic tumors number 0.095 0.581
    ≤3 12 (22.2%) 26 (13.1%) 10 (20.0%) 24 (24.0%)
    >3 42 (77.8%) 173 (86.9%) 40 (40.0%) 76 (76.0%)
Tumor sizeb (cm) 8.7 (4.6-12.1) 10.0 (6.7-12.6) 0.498 8.7 (4.6-12.1) 9.0 (5.6-11.5) 0.658
    ≤5 14 (25.9%) 30 (15.1%) 0.062 13 (26.0%) 19 (19.0%) 0.324
    <5 40 (74.1%) 169 (84.9%) 37 (74.0%) 81 (81.0%)
PVTT <0.001 0.210
    Absence 17 (31.5%) 19 (9.5%) 14 (28.0%) 19 (19.0%)
    Presence 37 (68.5%) 180 (90.5%) 36 (72.0%) 81 (81.0%)
Extrahepatic metastasis 0.003 0.298
    Absence 24 (44.4%) 133 (66.8%) 23 (46.0%) 55 (55.0%)
    Presence 30 (55.6%) 66 (33.2%) 27 (54.0%) 45 (45.0%)
a, Median with interquartile range is shown for quantitative variables, whereas counts with proportions are shown for categorical variables. b, 
Tumor size, size of the largest tumor. AFP, alpha-fetoprotein; HBV, hepatitis B virus; PVTT, portal vein tumor thrombus.

Table 2. Tumor response in patients with advanced HCC 
between the two groups (after propensity score matching)

Response Category DEB-TACE+LEN 
(N=50) (%)

DEB-TACE+SOR 
(N=100) (%) P value

CR 14 (28.0%) 15 (15.0%) 0.057
PR 18 (36.0%) 26 (26.0%) 0.205
ORR (CR+PR) 32 (64.0%) 41 (41.0%) 0.008
DCR (CR+PR+SD) 38 (76.0%) 68 (68.0%) 0.310

there was no significant difference in 
OS and TTP between the two groups. 
Other subgroup analyses showed that 
OS and TTP were longer, and no signifi-
cant difference was observed between 
the two groups (Figure 3).

As was shown in the Figure 4, case 1 
who underwent DEB-TACE+LEN was 
evaluated for PR 1 month after DEB-
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Figure 2. Kaplan-Meier curves in the DEB-
TACE+LEN and DEB-TACE+SOR groups. A. Over-
all Survival (OS). B. Time to Progression (TTP).

Figure 3. Forest plot of OS and TTP in subgroups of patients treated with DEB-TACE+LEN and DEB-TACE+SOR. OS, 
overall survival; TTP, time to progression. A. OS. B. TTP.
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Association between mutation genes and 
overall survival

Of the 43 advanced HCC patients who had 
undergone WES, 21 patients were in the DEB-
TACE+LEN group and 22 were in the DEB-
TACE+SOR group. Among them, VEGF, ANG2, 
FGF19, FGF23, and FGF21 mutation were 
observed in 17, 15, 20, 22, 17 patients detect-
ed, respectively. In patients with VEGF, ANG2, 
FGF19, and FGF23 mutation, there was not sig-
nificantly difference in OS between the two 
groups (Figure 5). However, in patients with 
FGF21 amplification, median OS was 10.4 (95% 
CI: 5.4-15.4) and 5.7 (95% CI: 5.4-5.9) months 
for the DEB-TACE+LEN and DEB-TACE+SOR 
groups, respectively. OS was significantly lon-
ger in the DEB-TACE+LEN group than in the 
DEB-TACE+SOR group (HR=0.19, 95% CI: 0.06-
0.66; P=0.003) (Figure 5). Additionally, in 
patients without FGF21 amplification, there 
was not significantly difference in OS between 
the two groups (Figure 5).

Safety

The treatment-emergent AEs that occurred in 
≥10% of patients after DEB-TACE+LEN or DEB-

TACE+SOR are shown in Table 3. In both groups, 
the most common treatment-emergent AEs 
were abdominal pain (125/150, 83.3%), fever 
(121/150, 80.7%), fatigue (107/150, 71.3%), 
nausea and vomiting (86/150, 57.3%), de- 
creased appetite (54/150, 36.0%), liver dys-
function (61/150, 40.7%), hypertension (49/ 
150, 32.7%) and hand-foot skin reaction (65/ 
150, 43.3%). The DEB-TACE+LEN group had a 
significantly lower incidence of hand-foot skin 
reaction (32.0% vs. 49.0%; P=0.048) and high-
er incidence of proteinuria (26.0% vs. 10.0%; 
P=0.010) than did the DEB-TACE+SOR group. 
Grade 3-4 AEs occurred in 24 (48%) and 42 
(42%) patients in the DEB-TACE+LEN and DEB-
TACE+SOR groups, respectively (P=0.485).

Discussion

In our study, DEB-TACE+LEN conferred better 
ORR, TTP, and OS than DEB-TACE+SOR, espe-
cially in patients with PVTT. These results were 
in accordance with a recent study by Ding et al., 
who firstly reported that TACE plus lenvatinib 
had favorable efficacy (TTP and ORR) compared 
to TACE plus sorafenib for the treatment of 
advanced HCC with PVTT and large tumor bur-
den. In this study, 64 patients were each ran-

Figure 4. Two cases with advanced HCC who underwent DEB-TACE+LEN or DEB-TACE+SOR. A. A case of HCC with 
a massive tumor in the right lobe with tumor thrombus in the right portal vein. B. DEB-TACE was performed after 1 
week of oral lenvatinib. C. One month after the first DEB-TACE, most tumor blood supplies disappeared. D. A case 
of HCC with multiple nodules on the left and right sides of the liver. E. DEB-TACE was performed after 1 week of oral 
sorafenib. F. One month after the first DEB-TACE, diffuse recurrent nodules appeared around the original lesion.
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domized in a TACE plus lenvatinib arm (arm L) 
and a TACE plus sorafenib arm (arm S) (1:1). 
Median TTP were 4.7 and 3.1 months in arm L 
and S, respectively (HR, 0.55; 95% CI, 0.32-
0.95; P=0.029) and ORR were 53.1% and 
25.0% in arm L and S, respectively (P=0.039) 
[14]. However, different from ours, in the study 
by Ding et al., there was not significantly differ-
ence in OS between the two groups. The reason 
may be attributed to the choice of embolic 
agent, larger sample size and propensity score 
matching in our study.

Interestingly, OS was also significantly longer in 
the DEB-TACE+LEN group than in the DEB-
TACE+SOR group in patients with FGF21 ampli-
fication based on WES data in our study. The 
result was in accordance with the study by 
Richard S. Finn et al. They found that higher 
baseline FGF21 may be related to longer OS 
with lenvatinib compared to sorafenib [15]. The 

reasons may be as follows: First, there are dif-
ferent drug targets between lenvatinib and 
sorafenib. In contrast to sorafenib, lenvatinib 
has a higher affinity for VEGFR2 [23]. Further, in 
addition to VEGF, lenvatinib also inhibits FGF 
and other targets, thereby limiting tumor angio-
genesis and tumor cell proliferation [24, 25]. 
FGF21 is an important effect molecule of endo-
plasmic mesh stress in the liver, which can  
alleviate the fatty degeneration of liver cells 
induced by endoplasmic mesh stress and play 
a protective role of liver [26]. FGF21 receptor 
inhibition was possibly one of the key points for 
the difference between lenvatinib and sorafenib 
when combined with DEB-TACE treatment in 
advanced HCC. Second, TACE plus TKI could 
achieve longer survival compared to TKI alone 
in advanced HCC [13, 19]. The potential mech-
anism is that TACE causes tumor hypoxia, 
inducing an increase in VEGF and basic FGF 
(bFGF) levels by upregulating hypoxia-inducible 

Figure 5. Kaplan-Meier curves for OS between the DEB-TACE+LEN and DEB-TACE+SOR groups under different muta-
tion status. A. VEGF mutation. B. ANG2 mutation. C. FGF19 amplification. D. FGF23 amplification. E. FGF21 ampli-
fication. F. FGF21 non-amplification.
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factor-1-α (HIF-1-α) [27, 28]. TKIs can improve 
the efficacy of TACE treatment by inhibiting 
drug targets, including VEGF and bFGF. FGF21 
amplification may be the most important one in 
the FGF family, which are related to the efficacy 
of DEB-TACE+LEN. Finally, lenvatinib treatment 
could restrain cell proliferation by blocking RET 
receptor, which is connected to several signal-
ing pathways, including RAS/MAPK and PI3K/
AKT pathways [29, 30]. Taisuke et al. reported 
that lenvatinib induces HCC cell apoptosis by 
activating FGF signaling pathway through the 
inhibition of the FGFR-MAPK pathway [31]. 
FGF21 amplification accelerates the develop-
ment of HCC through TGF-β signaling pathways 
[32]. Thus, DEB-TACE+LEN achieve better ther-
apeutic efficacy than DEB-TACE+SOR by inhibit-
ing VEGF, FGF and RET receptors, including 
FGF21 receptor. FGF21 amplification was pre-
dictive for longer OS with DEB-TACE+LEN com-
pared to DEB-TACE+SOR.

Finally, the superiority of DEB-TACE+LEN to 
DEB-TACE+SOR in advanced HCC may be 
explained by the better synergistic effect in the 
DEB-TACE+LEN group. Digital subtraction angi-
ography imaging showed that lenvatinib had a 
high effect on the shrinkage of hepatic blood 
vessels, thereby optimizing the embolism effect 
and resulting in survival benefit. Compared to 
sorafenib, there is a better preservation of liver 

function for the more selective and radical 
DEB-TACE 2-3 weeks after lenvatinib treatment 
[33]. Besides, lenvatinib exhibits antitumor 
activity by synergistically modulating effector T 
cell function in the tumor microenvironment 
(TME) and by mutually regulating tumor vessel 
normalization. The lenvatinib-induced regula-
tion of TME may improve the efficacy of DEB-
TACE treatment [34].

In our study, the addition of TKI did not result  
in differences in DEB-TACE-related AEs (e.g., 
abdominal pain, fever, fatigue, nausea and 
vomiting, decreased appetite, and liver dys-
function) between the two groups. However, 
TKI-related AEs differed between the two 
groups. The DEB-TACE+LEN group showed a 
significantly higher incidence of proteinuria and 
a significantly lower incidence of hand-foot skin 
reaction than did the DEB-TACE+SOR group. 
These results are in accordance with the 
REFLECT trial [3]. The difference may be related 
to the structural characteristics and different 
drug targets of sorafenib and lenvatinib.

Our study had some limitations. First, this was 
retrospective in design, and thus our findings 
need to be verified in a powerful prospective 
randomized trial of DEB-TACE+LEN versus DEB-
TACE+SOR in advanced HCC. In addition, when 
stratified according to different mutation status 

Table 3. All-grade AEs within 4 weeks after first DEB-TACE with frequency ≥10% in either group and 
corresponding Grades 3 and 4 AEs

Adverse Event
DEB-TACE+LEN Group (N=50) DEB-TACE+SOR Group (N=100)

P value
All grades Grades 1-2 Grade 3-4 All grades Grades 1-2 Grades 3-4

Abdominal pain 42 (84) 32 (64) 10 (20) 83 (83) 68 (68) 15 (15) 0.877
Fever 37 (74) 30 (60) 7 (14) 84 (84) 72 (72) 12 (12) 0.144
Fatigue 31 (62) 29 (58) 2 (4) 76 (76) 69 (69) 7 (7) 0.074
Nausea and vomiting 26 (52) 19 (38) 7 (14) 60 (60) 52 (52) 8 (8) 0.350
Decreased appetite 22 (44) 18 (36) 4 (8) 32 (32) 28 (28) 4 (4) 0.149
Liver dysfunction 20 (40) 16 (32) 4 (8) 41 (41) 35 (35) 6 (6) 0.906
Hypertension 19 (38) 15 (30) 4 (8) 30 (30) 28 (28) 2 (2) 0.325
Hand-foot skin reaction 16 (32) 11 (22) 5 (10) 49 (49) 36 (36) 13 (13) 0.048
Diarrhea 15 (30) 12 (24) 3 (6) 25 (25) 20 (20) 5 (5) 0.514
Proteinuria 13 (26) 9 (18) 4 (8) 10 (10) 7 (7) 3 (3) 0.010
Thrombocytopenia 12 (24) 8 (16) 4 (8) 22 (22) 15 (15) 7 (7) 0.783
Neutropenia 10 (20) 7 (14) 3 (6) 18 (18) 14 (14) 4 (4) 0.767
Ascites 8 (16) 5 (10) 3 (6) 14 (14) 12 (12) 2 (2) 0.744
Weight loss 7 (14) 7 (14) 0 10 (10) 9 (9) 1 (1) 0.466
Rash 6 (12) 5 (10) 1 (2) 12 (12) 8 (8) 4 (4) 1.000
Note: Data are numbers of events. Data in parentheses are percentages.
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based on the WES data, the number of patients 
in each group was too small, resulting in the 
likelihood of error. Second, therapeutic choice 
(DEB-TACE+LEN vs. DEB-TACE+SOR) in patients 
with advanced HCC was decided based on the 
interventional physician’s preference. Finally, 
the comparison of the safety and efficacy was 
based on combination therapy, without a single 
drug control group set. Thus, we performed pro-
pensity score matching to reduce selection 
bias between the two groups. Future research 
should explore the mechanisms of action of 
these two drugs to validate the findings of this 
study.

In conclusion, DEB-TACE combined with lenva-
tinib achieves better ORR, TTP and OS than 
DEB-TACE combined with sorafenib for advan- 
ced HCC, especially in patients with PVTT and 
FGF21 amplification. These findings indicate 
the superiority of DEB-TACE combined with len-
vatinib to DEB-TACE combined with sorafenib 
for patients with advanced HCC.
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