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Abstract

Introduction: Lenvatinib is the first-line treatment for ad-
vanced hepatocellular carcinoma (HCC). We aimed to com-
pare the clinical outcomes of lenvatinib plus drug-eluting
beads transarterial chemoembolization (DEB-TACE) versus
lenvatinib alone in real-world practice. Methods: This retro-
spective analysis included 142 consecutive patients who re-
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ceived lenvatinib plus DEB-TACE and 69 patients who re-
ceived lenvatinib alone as first-line treatment from 15 Chi-
nese academic centers from November 2018 to November
2019. Overall survival (OS), progression-free survival (PFS),
objective response rate (ORR) were evaluated by modified
Response Evaluation Criteria in Solid Tumors criteria, and
safety profiles were compared between the two groups. Re-
sults: The median OS and PFS were significantly longerin the
combined therapy group than in the monotherapy group in
whole cohort (median OS, 15.9 vs. 8.6 months, p = 0.0022;
median PFS, 8.6 vs. 4.4 months, p < 0.001) and after propen-
sity score matching analysis (median OS, 13.8 vs. 7.8 months,
p = 0.03; median PFS, 7.8 vs. 4.5 months, p = 0.009). More-
over, the treatment option was an independent prognostic
factor for OS and PFS with adjustment based upon baseline
characteristics (adjusted hazard ratio [HR]: 0.53, 95% confi-
dence interval [Cl]: 0.36-0.78, p = 0.001, and adjusted HR:
0.42,95% Cl: 0.30-0.60, p < 0.001, respectively) and propen-
sity score (adjusted HR: 0.52,95% Cl: 0.36-0.76, p=0.001,and
adjusted HR: 0.46, 95% Cl: 0.33-0.64, p < 0.001, respectively).
Moreover, a greater ORR was observed in the combined
group (ORR: 46.48% vs. 13.05%, p < 0.001). Furthermore, the
most common adverse events (AEs) were elevated aspartate
aminotransferase (54.9%) and fatigue (46.4%) in the lenva-
tinib plus DEB-TACE group and lenvatinib group, respective-
ly. Most AEs were mild-to-moderate and manageable. Con-
clusions: With well-tolerated safety, lenvatinib plus DEB-
TACE was more effective than lenvatinib monotherapy in
improving OS, PFS, and ORR. Thus, it may be a promising
treatment for advanced HCC. Future prospective studies
confirming these findings are warranted.
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Introduction

Hepatocellular carcinoma (HCC) remains a global
health challenge, and its incidence is growing worldwide
[1,2]. The prognosis of HCC, especially for advanced cas-
es, remains poor, due to underlying chronic liver disease,
late diagnosis at advanced stages of disease, and frequent
recurrence/progression after treatment [2]. Sorafenib is
the first systemic therapy proven to prolong overall sur-
vival (OS) and has been recommended as first-line treat-
ment, showing a median improvement in OS of approxi-
mately 3 months compared to placebo [3-6]. Recently,
based on the result of the practice-changing “REFLECT”
trial in advanced HCC, lenvatinib was established as an
alternative to sorafenib as first-line treatment, with a
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comparable median OS (13.6 vs. 12.3 months) [2, 6, 7].
Nevertheless, the efficacy of these drugs still remains sub-
optimal, and alternative strategies that can improve out-
comes are still urgently needed.

In the past decade, we have seen the evolution of trials
in which transarterial chemoembolization (TACE) com-
bined with sorafenib [8-12], brivanib [13], and orantinib
[14] have been pursued to improve outcomes of interme-
diate-to-advanced HCC. The hypothesis that antiangio-
genics (including tyrosine kinase inhibitors [TKIs] or
anti-vascular endothelial growth factor) might delay tu-
mor revascularization and recurrence following TACE
has been addressed in several randomized controlled tri-
als [2]. However, all these trials have shown that adding
a TKI to TACE is feasible and safe but not efficacious
[15].

Compared with sorafenib, lenvatinib is a small mo-
lecular type V TKI, with more potent activity against vas-
cular endothelial growth factor receptors and the fibro-
blast growth factor receptor family [16]. In the REFLECT
trial, it was shown to significantly improve progression-
free survival (PFS, 7.4 vs. 3.7 months; hazard ratio [HR]:
0.66, 95% confidence interval [CI]: 0.57-0.77; p < 0.001)
and objective response rate (ORR) as assessed by the
modified Response Evaluation Criteria in Solid Tumors
(mRECIST) criteria (24.1% vs. 9.2%; odds ratio: 3.13,
95% CI: 2.15-4.56; p < 0.0001) over sorafenib [7]. Nota-
bly, the study suggested lenvatinib may be more effective
for patients infected with hepatic B virus (HBV) [7]. Giv-
en these possibilities, lenvatinib plus TACE may repre-
sent a promising combination therapy [17-20]. In addi-
tion, the patients enrolled in the REFLECT trial were
highly selected, as patients with a huge tumor burden,
main portal vein invasion, or poor liver function were
excluded [7]. However, many patients with these charac-
teristics require systematic therapy and exhibit a large
unmet need in daily clinical practice. Therefore, we con-
ducted a real-world, multicenter study to compare the
efficacy and safety of lenvatinib plus drug-eluting beads
TACE (DEB-TACE) with those of lenvatinib alone as
first-line treatment in Chinese patients with advanced
HCC.

Materials and Methods

Study Design

A total of 383 consecutive patients with unresectable liver can-
cer who received lenvatinib plus DEB-TACE or lenvatinib alone
between November 2018 and November 2019 at 15 academic Chi-
nese centers were retrospectively screened. The inclusion criteria
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for the present study included: (1) diagnosis of HCC based on the
European Association for the Study of the Liver or the American
Association for the Study of Liver Diseases guidelines [5, 21], (2)
treated with lenvatinib, (3) at least one measurable lesion >1 cm,
(4) Child-Pugh grade A and B, and (5) Eastern Cooperative Oncol-
ogy Group performance status score 0-1. The following exclusion
criteria were applied: (1) metastatic malignancy from other organ,
(2) unmeasurable lesions, (3) previously received any systemic
therapy, (4) combined with other therapies, including radiofre-
quency ablation and immune checkpoint inhibitor, (5) absence of
baseline radiological imaging, (6) concomitant with other malig-
nancies, and (7) lenvatinib as second-line or third-line therapy.
The study protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the institute’s com-
mittee on human research of participating centers. Permission to
use the corresponding data was obtained from all patients by writ-
ten consent.

Medical Care

The generalized treatment protocol had been formulated by
multidisciplinary teams. The patients who were concomitantly
treated with DEB-TACE within 30 days before or after administra-
tion of lenvatinib were considered to have received combined ther-
apy; otherwise, lenvatinib alone. All patients received lenvatinib,
based on the hypothesis that TACE, inducing the upregulation of
angiogenic factors by ischemic liver injury, plus lenvatinib may
complementarily inhibit angiogenic factors and tumor growth,
and an earlier disease control produced by TACE with reduction
of variable tumor for those advanced patients with large tumor
burden, TACE was conducted to control targeted liver nodule and
regarded as the concomitant therapy recommended for lenvatinib,
according to the condition of the tumor (especially for patients
with large, hypervascularity tumor), liver function and perfor-
mance status (physicians’ judgment). The final treatment decision
was consented by individual patients. For the patients with Child-
Pugh class A, lenvatinib was initiated routinely at a dose of 8 mg/
day for those with the weight of <60 kg, or 12 mg/day for the ones
with >60 kg. While for limited Child-Pugh class B patients, the
recommended 8 mg was given orally once per day based on the
previous early-phase clinical trial [22, 23]. Since DEB-TACE might
induce liver injury, we recommended lenvatinib was discontinued
for 1-3 days before each TACE, and restored after TACE, if pa-
tients recovered from adverse events (AEs) caused by DEB-TACE
(such as fever, vomit, nausea, etc.), and liver function/performance
status permitted (median time: 8 days, range: 1-28 days). At the
time of restarting lenvatinib, the dose was the same as that used
before DEB-TACE. The dose of agents was to be reduced upon the
development of a grade 3 or 4 severe AE, or the agent was discon-
tinued when any unacceptable or serious AE occurred. AEs were
graded using the Common Terminology Criteria for Adverse
Events version 4.0. Typically, when clinical tumor progression was
observed, the decision to continue or discontinue lenvatinib treat-
ment was made at the discretion of the attending physicians, and
due to lack of second-line treatment after lenvatinib, patients were
encouraged to continue lenvatinib therapy unless an unmanage-
able or a life-threatening AE occurred.

For patients who received combined therapy, since without sig-
nificant difference in prolonging OS and relatively better safety,
compared to conventional TACE [24-26], DEB-TACE was per-
formed by experienced investigators at each institution. Patients
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were treated either selectively or super-selectively with 100-300,
300-500 pm LC Beads (BTG, London, UK) loading epirubicin,
doxorubicin, pirarubicin, with 15-37.5 mg/mL of beads. Up to 4
mL of DEBs with a total maximum dose of up to 120 mg agents
were delivered to the targeted tissue to induce substantial arterial
flow reduction. The diameter of DEBs, the type and the dose of
chemo agent were selected according to the institutional practice,
based on tumor burden, tumor vascularity, portal venous patency,
liver function, etc. Indeed, there are no definitive re-TACE criteria
in advanced HCC, subsequent DEB-TACE was usually performed
if there was variable tumor (like new intrahepatic lesion [NIH],
treated intrahepatic lesion) and liver function and performance
status permitted. The retreat strategy was made by multidisci-
plinary teams, with the consent given by individuals.

Follow-Up and Outcome Assessments

OS was defined as the time from the date of first lenvatinib ad-
ministration to the date of death from any cause or the date of last
follow-up (December 1, 2020). PFS was defined as the time from
the date of first lenvatinib administration to the date of confirming
radiological progression according to the mRECIST criteria [27,
28] or the date of death. Specially, unlike the definition of progres-
sive disease (PD) in the TACTICS trial [10], an NIH and 20% re-
growth of treated tumor were regarded as PD in both groups in
order to ensure comparability. Objective response assessment us-
ing multiphasic contrast-enhanced computed tomography or dy-
namic contrast-enhanced magnetic resonance imaging was rec-
ommended 4-8 weeks after treatment and every 2-3 months
thereafter. We performed response assessment in the best response
during the follow-up, complete response (CR), partial response
(PR), stable disease (SD), and PD were defined by the mRECIST
criteria and reviewed by two independent investigators (Bai W.
and Wang E.). For analysis, the overall response, combined re-
sponses of target (a maximum of 2 target lesions per organ and 5
target lesions in total), and nontarget lesions was adopted in our
study [27, 28]. The patterns of progression were defined as follows:
>20% increase in tumor size against a known baseline lesion (in-
trahepatic growth or extrahepatic growth), NIH, or new extrahe-
patic lesion and/or vascular invasion [29]. Additionally, liver cir-
rhosis was defined by the previous liver biology after liver resec-
tion, clinical signs, laboratory, hemodynamic, and/or imaging
tests. Child-Pugh classification [30] and albumin-bilirubin (ALBI)
grade were used for the assessment of hepatic reserve function. All
patients with ascites were judged from radiological imaging, with
a small amount and no clinical signs existing. The ALBI score was
calculated with serum albumin and total-bilirubin values using the
following formula: ALBI score = log;, bilirubin (pmol/L) x 0.66 +
albumin (g/L) x —0.085 (<-2.60, ALBI grade 1; >-2.60 to <-1.39,
grade 2; and >-1.39, grade 3) [31]. Since the upper limit values of
alpha-fetoprotein (AFP) detection were different in participating
centers, we regarded it as a categorical variable with cutoffs of 200
ng/mL [7, 32].

Statistical Analysis

Quantitative variables are presented as median with interquar-
tile range and were compared by Student’s ¢ test or nonparametric
Mann-Whitney U test, whereas categorical variables are presented
as counts with percentages and were compared by x? test or Fish-
er’s exact test. Survival curves were estimated using the Kaplan-
Meier method and were compared by log-rank test. To identify
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Patients with unresectable liver cancer underwent
lenvatinib
(N = 383, from 15 centers, during Nov-2018 to Nov-2019)

Excluded (n = 71):

« Treated as second line (n = 50)

« Treated as third line (n = 5)

» Combined with ablation therapy (n = 3)

» Combined with immunotherapy (n = 12)

» Combined with TACE and immunotherapy (n = 1)

Excluded (n = 101):

« Cholangiocarcinoma (n = 14)

» Metastatic hepatic carcinoma (n = 3)

« Absence of baseline radiological imaging (n = 78)
« Concomitant with other malignancy (n = 3)

» Absence of measurable nodules (n = 2)

« Child-Pugh grade C (n = 1)

Eligible HCC patients treated as first line (n = 211)

Lenvatinib plus DEB-TACE
(n=142)

Lenvatinib plus DEB-TACE
(n = 58)

Lenvatinib (n = 69)

Lenvatinib (n = 58)

Fig. 1. Flow chart of the current study.

prognostic factors for OS and PFS, we conducted two models with
multivariate Cox regression. The initial multivariate models in-
cluded the treatment group, the covariates deemed likely to influ-
ence the original treatment assignments (including tumor size [de-
fined as the maximum diameter of the largest tumor], tumor num-
ber, liver function, and performance status), and other variables
significantly associated with treatment outcomes according to uni-
variate analyses at a significance level of 10%. The second multi-
variate model included the treatment group and a propensity score
calculated from logistic regression using a set of covariates deemed
likely to have affected the treatment decisions and all those sig-
nificant prognostic factors at univariate analyses. Propensity score
matching (PSM) was estimated using a logistic regression model
fit with the following variables: gender, age, etiology, Eastern Co-
operative Oncology Group score, tumor number and size, macro-
vascular invasion (MVI), extrahepatic spread, Child-Pugh class,
blood urea nitrogen level, creatinine level, platelet count, interna-
tional normalized ratio, and AFP level (<200/>200 ng/mL). To cre-
ate a propensity-matched cohort of patients treated with lenva-
tinib alone or combined with DEB-TACE (1:1 match), a nearest
neighbor-matching algorithm with a greedy heuristic was used.
Additionally, we tested the interaction between treatment and risk
categories on multiplicative (HR) scales [33]. We imputed missing
data for the covariates by using multiple imputations. All statistical
analyses were performed using SPSS, version 23.0 software, and R
v.4.0.5 with p < 0.05 defined as statistical significance.

Lenvatinib plus DEB-TACE for Advanced
HCC

Results

Patient Characteristics

A total of 211 patients were finally included in this
study, consisting of 142 patients who received lenvatinib
plus DEB-TACE (LEN + DEB-TACE group) and 69 pa-
tients who received lenvatinib alone (LEN group) (Fig. 1).
The baseline characteristics were well-balanced between
the two groups, with the exceptions of blood urea nitro-
gen level and white blood cell count (Table 1). Addition-
ally, the duration of lenvatinib administration was sig-
nificantly longer in the LEN + DEB-TACE group than in
the LEN group (mean 7.6 months vs. mean 5.8 months,
p = 0.047). Patterns of missing values were shown in on-
line supplementary Figure 1 (for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000523849).
There were 13 patients and 26 patients of Barcelona Clin-
ic Liver Cancer (BCLC) stages A and B, respectively, en-
rolled for the reasons summarized in online supplemen-
tary Table 1. Notably, there were 17 patients who previ-
ously received TACE in the LEN group, and among them,
15 patients received TACE as initial treatment at an early-
to-intermediate stage and then progressed to the ad-
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Table 1. Baseline demographics and clinical characteristics in 211 patients

Characteristics Total (N=211) LEN + TACE (N, = 142) LEN (N, = 69) p value
Age, years, median (IQR) 53 (45-61) 52.5(43-61.3) 53 (46-62) 0.734
Gender, n (%)
Male 184 (87.2) 127 (89.4) (82.6) 0.164
Female 27 (12.8) 15(10.6) 12(17.4)
Etiology, n (%)
HBV 195 (92.4) 131(92.3) 64 (92.8) 0.898
Others 16 (7.6) 11(7.7) 5(7.8)
BCLC stage, n (%)
A 13(6.2) 11(7.7) 2(2.9) 0.281
B 26 (12.3) 19(13.4) 7 (10.1)
@ 172 (81.5) 112 (78.9) 60 (87)
ECOG PS score, n (%)
0 116 (55) 80 (56.3) 36 (52.8) 0.568
1 95 (45) 62 (43.7) 33(47.2)
Tumor number, n (%)
1 77 (36.5) 53(37.3) 24 (34.8) 0.932
2 35(16.6) 23(16.2) 12(17.4)
>3 99 (46.9) 66 (46.5) 33(47.8)
Tumor size, cm, median (IQR) 8.4 (4.7-12.3) 9(5.1-12.4) 7.3(3.6-11.9) 0.211
MVI, n (%)
Absence 96 (45.5) 62 (43.7) 34 (49.7) 0.442
Presence 115 (55.5) 80 (56.3) 35(50.3)
Vp2 49 (42.6) 37 (46.3) 12 (34.3) 0.486
Vp3 54 (46.9) 35(47.7) 19 (54.3)
Vp4 12(10.5) 8(10) 4(11.4)
EHS, n (%)
Absence 128 (60.7) 92 (64.8 36 (52.2) 0.078
Presence 83(39.3) 50(35.2 33(47.8)
Cirrhosis, n (%)
Absence 39(18.5) 28(19.7) 11(15.9) 0.507
Presence 172 (81.5) 114 (80.3) 58 (84.1)
Ascites, n (%)
Absence 159 (75.4) 111 (78.2) 48 (69.6) 0.174
Presence 52 (24.6) 31(21.8) 21(304)
Child-Pugh score, n (%)
5 112 (53.1) 79 (55.6) 33(47.8) 0.385
6 54 (25.6) 36 (25.4) 18 (26.1)
7 29 (13.7) 18(12.7) 11(15.9)
8 12(5.7) 8(5.6) 4 (5.8)
9 4(1.9) 1(0.7) 3(4.3)
AFP, n (%)
<200 ng/mL 94 (45.5) 67 (47.2) 27 39.1) 0.27
>200 ng/mL 117 (55.5) 75 (52.8) 42 (60.1)
ALB, g/L, median (IQR) 38.2(34.2-42.4) 38.4(33.9-42.1) 37.5(34.3-43.7) 0.418
TBIL, pmol/mL, median (IQR) 19.0 (13.4-27) 19.1(13.5-26.1) 17.9(13.1-28.5) 0.394
ALBI grade, n (%)
1 79 (39.4) 52 (36.6) 27 (39.1) 0.797
2 127 (60.2) 86 (60.6) 47 (59.4)
3 5(2.4) 4(2.8) 1(1.4)
AST, U/L, median (IQR) 52 (34-80) 50.5 (33.8-80.3) 58 (34-87) 0.61
ALT, U/L, median (IQR) 38.1 (23-61) 38 (24-60.3) 40 (19-68.5) 0.719
BUN, mmol/L, median (IQR) 4.53 (3.6-5.6) 44 (3.6-5.2) 5.1 (3.75-5.95) 0.006
Cr, umol/L, median (IQR) 66 (56-76) 67 (57-76.3) 62 (53-76.5) 0.777
WBC, x10%/L, median (IQR) 5.7 (4.16-7.1) 6.0 (4.2-7.8) 5.1(3.8-6.4) 0.01
PLT, x10%/L, median (IQR) 145 (95-222) 156.5 (96.8-225) 129 (90-220) 0.551
INR, median (IQR) 1.07 (1.00-1.13) 1.06 (1.00-1.12) 1.08 (1.02-1.15) 0.084
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Table 1 (continued)

Previous treatment, n (%)

No 106 (50.2)
Yes
Liver resection 40(19)
TACE 51(24.2)
LT 5(24)
Ablation 8(3.8)
Ablation + TACE 1(0.5)

Duration of lenvatinib, months, mean + SE 7+5.1

77 (54.2) 29 (42) 0.096
24 (16.9) 16 (23.2)

34 (23.9) 17 (24.6)

0 5(7.2)

6(4.2) 2(29)

1(0.7) 0

7.6x54 5.8+4.3 0.047

AFP, alpha-fetoprotein; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver
Cancer; BUN, blood urea nitrogen; Cr, creatinine; ECOG, Eastern Cooperative Oncology Group; EHS, extrahepatic spread; HBV, hepatic B
virus; INR, international normalized ratio; IQR, interquartile range; LEN, lenvatinib; LT, liver transplantation; MVI, macrovascular invasion;
PLT, platelet; PS, performance status; SE, standard error; TACE, transarterial chemoembolization; TBIL, total bilirubin; WBC, white blood cell.

vanced stage. Although 2 patients received lenvatinib
alone at BCLC stage B, they had previously undergone
multiple sessions of TACE and were regarded as likely to
have limited benefit from further TACE. As shown in on-
line supplementary Table 2, there were 49 (34.5%) pa-
tients and 18 (26%) patients who received subsequent
treatment in the LEN and DEB-TACE groups. In LEN +
DEB-TACE group, DEB-TACE was conducted before
the date of lenvatinib initiation (103, 72.5%), and after the
date of lenvatinib initiation (39, 27.5%). In total, 133
(93.7%) patients received super-selective procedures, and
24 patients received subsequent DEB-TACE (19 for one
session, and 5 for two sessions until the date of the last
follow-up, online suppl. Table 2). The median (range) rel-
ative dose intensity of lenvatinib was 95.5% (80%-150%)
at 4 weeks, 85.5% (50%-150%) at 8 weeks, and 76.6%
(30%-150%) at 12 weeks in DEB-TACE-LEN group, and
92% (73%-150%) at 4 weeks, 83.3% (53.3%-150%) at 8
weeks, and 73.3% (33.3%-150%) at 12 weeks in LEN

group.

Efficacy

Median follow-up time was 13.5 (7.4-18) months for
the LEN + DEB-TACE group and 8.2 (5.8-13.9) months
for the LEN group. 127 patients presented radiological
progression (81 for LEN + DEB-TACE group, 46 for LEN
group, online suppl. Fig. 2). The main pattern of radio-
logical progression between the combined and mono-
therapy groups was intrahepatic growth (29.6% and
19.6%, respectively, online suppl. Table 3). Median OS
was 15.9 (95% CI, 12.3-19.5) months in the LEN + DEB-
TACE group, which was significantly longer than that in
the LEN group (8.6 [95% CI, 6.3-10.9] months, p =0.002;
Fig 2a). A significantly prolonged median PFS was also

Lenvatinib plus DEB-TACE for Advanced
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observed in patients treated with combined therapy com-
pared with monotherapy (8.6 [95% CI, 7.2-10.0] vs. 4.4
[4.0-4.7] months, p < 0.001; Fig 2c). After PSM, a total of
116 patients (58 patients in each group) were analyzed
(Fig. 1), and the features were well-balanced between the
two groups (online suppl. Table 4). Median OS in the
combination therapy group was still greater than that in
the monotherapy group (13.8 [95% CI: 9.2-18.4] vs. 7.8
[95% CI: 6.5-8.8] months, p = 0.03; Fig 2b), and a similar
result was revealed in PFS analysis (7.8 [95% CI: 6.2-9.52]
months vs. 4.5 [95% CI: 4.1-4.9] months, p = 0.009; Fig
2d). Additionally, based on the mRECIST criteria, CR,
PR, SD, and PD were observed in 4.23%, 42.25%, 30.28%,
and 23.24% of cases in the LEN + DEB-TACE group, re-
spectively, whereas these percentages were 4.35%, 8.7%,
43.48%, and 43.48% in the LEN group, respectively.
Moreover, the ORR and disease control rates in the LEN
+ TACE group were 46.48% and 76.76%, respectively,
and these rates were significantly higher than those of
13.05% and 56.52% in the monotherapy group (both p <
0.001; Fig. 3).

Prognostic Factors for OS and PFS

From the univariate and multivariate Cox analyses for
OS, significant predictors among the included patients
included etiology (HR = 0.26 [95% CI, 0.10-0.71], p =
0.009), number of tumors (HR = 1.30 [95% CI, 1.06-
1.59], p = 0.012), ascites (HR = 1.70 [95% CI, 1.14-2.55],
p=0.01), AFP level (HR = 1.93 [95% CI, 1.31-2.85], p =
0.001), total-bilirubin level (HR = 1.014 [95% CI, 1.001-
1.03], p=0.032), and treatment modality (HR = 0.53 [95%
CI, 0.36-0.78], p = 0.001; Table 2, model 1). From the sec-
ond model, treatment modality was still a significant pre-
dictor of OS (HR = 0.52 [95% ClI, 0.36-0.76], p = 0.001;
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Table 2, model 2). In addition, number of tumors (HR =
1.23[95% CI, 1.03-1.46], p = 0.024), MVI (HR, 1.56 [95%
CI, 1.10-2.21], p = 0.012, AFP level (HR = 1.56 [95% CI,
1.13-2.15], p=0.007), and treatment modality (HR = 0.42
[95% CI, 0.30-0.60], p < 0.001) were independent predic-
tors of PFS by multivariable Cox regression analysis (on-
line suppl. Table 5, model 1). With adjustment for pro-
pensity score, treatment option (HR = 0.46 [95% CI,
0.33-0.64], p < 0.001) was a significant predictor of PFS
(online suppl. Table 5, model 2). Moreover, as expected,
the multivariate analysis identified treatment modality as
a robust predictor of OS (HR = 0.47 [95% CI, 0.30-0.76],
p =0.002; online suppl. Table 6) and PFS (HR =0.48 [95%
CL, 0.31-0.75], p = 0.001; online suppl. Table 7) after
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PSM. These findings were confirmed by the analyses of
the treatment effect in most subgroups of patients accord-
ing to the risk category of different clinical settings (on-
line suppl. Tables 8, 9).

Factors Affecting Treatment Decisions for Improving

(N

To further analyze covariates that may have affected
the treatment decisions, we tested the interaction be-
tween treatment and risk categories. The results showed
that MVI (interaction p = 0.019) and ascites (interaction
p = 0.045) were associated with treatment decisions (on-
line suppl. Tables 8). From the Kaplan-Meier survival
analysis, median OS was not significantly different be-
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tween the two treatment groups in patients absent MVI
(16.9 months, 95% CI, 13.4-20.4 months for the com-
bined therapy group and 15.1 months, 95% CI 10.2-20.0
months for the monotherapy group, p = 0.72) (online
suppl. Fig. 3a). However, for the patients who presented
with MVI, median OS was significantly better in the com-
bination group (15 months, 95% CI, 9.8-20.3 months)
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than in the monotherapy group (7.4 months, 95% CI, 6.2-
8.6 months, p < 0.001; online suppl. Fig. 3b). Similarly, in
patients absent ascites, no significant difference in me-
dian OS was observed between groups (15.9 months, 95%
CI, 12.1-19.7 months and 14.1 months, 95% CI, 8.4-
19.7% months) for the combined therapy and monother-
apy groups, respectively (p = 0.232; online suppl. Fig. 3¢).
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However, patients who presented with ascites had a sig-
nificantly prolonged OS after undertaking the combina-
tion treatment (10.5 months, 95% CI 5.5-15.5 months
and 6.4 months, 95% CI 4.4-8.5 months) for combined
therapy and monotherapy groups, respectively (p = 0.001;
online suppl. Fig. 3d).

We also tested the outcomes in patients who met the
enrollment criteria of the REFLECT trial or exceeded
them [7]. In 69 patients within the REFLECT criteria, me-
dian OS in the combined group was not reached at the
date of the last follow-up but was significantly longer than
that in the monotherapy group (15.0 months, 95% CI 4.7-
25.3 months, p = 0.05, online suppl. Fig. 4a). As shown in
online supplementary Fig 4c, median PFS was signifi-
cantly longer in the LEN + DEB-TACE group than in the
LEN group (11.9 months, 95% CI 9.7-14.2 months vs. 7.6
months, 95% CI 1.2-14 months). For the 142 patients
who did not meet the REFLECT criteria, consistent re-
sults were observed, with a median OS of 13.8 months
(95% CI 8.6-19.1 months) and 8.0 months (95% CI 6.9-
9.2 months, p = 0.034; online suppl. Fig. 4b) and median
PES of 7.5 months (95% CI 6.2-8.7 months) and 4.3
months (95% CI, 3.4-5.2 months) for patients in the com-
bined therapy and monotherapy groups, respectively (p <
0.001; online suppl. Fig. 4d). To eliminate the bias pro-
duced by previous treatments, especially TACE, we ana-
lyzed the treatment-naive patients. Online supplementa-
ry Tables 11 and 12 showed the baseline characteristic of
these treatment-naive patients before and after PSM. As
shown in online supplementary Figure 5, compared to
LEN group, better outcomes in LEN + DEB-TACE group
were revealed consistently before and after PSM (29
matches reached). More importantly, treatment modality
was significantly prognostic factor for OS and PFES in
multivariable analyses before and after PSM (online sup-
pl. Tables 13, 14).

In BCLC-B patients, no significant differences were
observed regarding OS and PFS between LEN + DEB-
TACE and LEN group (median OS: not reached vs. 15
months, p = 0.63; median PFS: 12.7 vs. 7.6 months, p =
0.096, respectively), since limited populations and inad-
equate follow-up time, we still found a trend of relative
advantages of the combination in prolonging OS and PES
(online suppl. Fig. 6).

Safety Profiles

The common AEs that had been reported at the time
of analysis in both groups are summarized in Table 3. The
predominant AEs were aspartate aminotransferase eleva-
tion (54.9%) and fatigue (46.4%) in these two cohorts.
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The most common grade 3/4 AEs were proteinuria
(10.6%) and hypertension (8.5%) in the LEN + DEB-
TACE group. Comparably, proteinuria and hypertension
occurred in 8.6% and 10.1% of patients in the lenvatinib
monotherapy group. Moreover, drug interruption or
dose reduction occurred in 35 patients (24.6%) in the
LEN + TACE group due to an AE, which was comparable
with the percentage of patients in the monotherapy group
(23.1%). Additionally, no treatment-related deaths oc-
curred in either group. The ALBI scores [31] prior to
treatment and after the first follow-up period did not
show a difference in either group (p = 0.18 and 0.15 for
combined therapy and monotherapy, respectively; Fig. 4).
Besides, we also documented the TACE-specific AEs (on-
line suppl. Table 15).

Discussion

Unlike previous studies comparing TACE plus
sorafenib or sorafenib alone in patients with unresectable
HCC [8-14], this multicenter, nationwide, real-world
study demonstrated, for the first time, that compared to
lenvatinib alone, lenvatinib plus DEB-TACE achieved the
expected endpoints of significantly improved OS, PFS,
and ORR according to the mRECIST criteria in Chinese
patients with advanced HCC, with an acceptable and
well-tolerated safety profile. The strengths of the current
studylie in: (1) its multicenter consecutive dataset, (2) the
real-world and expanded study population meeting the
inclusion criteria for the REFLECT trial or not, (3) the
extended observation period and comprehensive out-
come analyses, and (4) comprehensive reporting of the
short- and long-term outcomes of patients with advanced
HCC treated with lenvatinib plus DEB-TACE.

In the present study, patients treated with lenvatinib
alone showed a median OS of 8.6 months, a median PFS
of 4.4 months, and an ORR of 13.05% according to mRE-
CIST criteria, which were similar to the values observed
in previous real-world studies with a median OS of 8.7-
13.9 months, a median PFES of 4.6-6.9 months, and an
ORR of 14.1%-18.9% [34-37]. However, these appear to
be less than median OS of 13.6 months, median PES of 7.4
months, and ORR of 40% by the masked independent
imaging review according to the mRECIST criteria in
phase III REFLECT trial [7]. It is noteworthy that 67.3%
(142/211) of the population in our study were out of the
REFLECT criteria, with extensive tumor burden and
poor liver function and performance status. Actually, me-
dian OS and PFS of patients who fulfilled the REFLECT
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trial criteria (15 and 7.6 months) were comparable to the
results of the REFLECT trial (13.6 and 7.4 months) [7].
More importantly, compared to monotherapy, the addi-
tion of DEB-TACE to lenvatinib reduced the risk of death
by 48% (HR = 0.52, 95% CI 0.36-0.76) and the risk of
progression by 58% (HR = 0.42, 95% CI 0.30-0.60). Such
differences in OS and PFS might be related to the achieve-
ment of an improved treatment response (46.48% vs.
13.05%, p < 0.001). As reported in recent RCTs [12, 38]
(online suppl. Table 16), DEB-TACE could provide an
earlier disease control, but not local cure, than lenvatinib
with reduction of variable tumor, which may induce a
higher antitumor effect of lenvatinib under the released
tumor burden and have contributed to the survival ben-
efit by delaying the deleterious effect of tumor progres-
sion. Furthermore, similar results were obtained after ad-
justing for propensity score and with PSM, indicating
that combined therapy offers a promising efficacy for ad-
vanced HCC.

Generally, clinical trials set strict enrollment criteria,
and those patients might not be representative of the pop-
ulations who receive the agents in real-world practice. In-
deed, as illustrated by our study and other real-world
studies [34-37], heterogeneity exists among patients
treated with lenvatinib at different centers. Only one-
third of patients (69/211) in our study fulfilled the RE-
FLECT trial criteria, but the benefit of combined treat-
ment was consistently observed in patients who met the
REFLECT trial criteria and in those who did not (online
suppl. Fig. 4). Therefore, lenvatinib plus DEB-TACE
should not be withheld in patients out of pre-specified
criteria of the REFLECT trial. It is likely that this interven-
tion may not benefit a subset of patients, such as patients
with the absence of MVI or ascites, as well as BCLC-B
stage patients (online suppl. Table 8; online suppl. Fig.
3A-D, 6). The population we analyzed was a heteroge-
neous class with a limited sample size and relatively short
follow-up time, and the characteristics of these subgroups
may not be well-balanced. Therefore, the potential use of
combination therapy should be approached cautiously in
those patients, and it is still necessary to validate its ben-
efit in different settings to elucidate which patients can
benefit from this combination treatment.

Indeed, the emergence of immune checkpoint inhibi-
tors is revolutionizing the treatment of HCC. With a ma-
ture survival benefit in the breakthrough IMbrave 150
trial [39], atezolizumab-bevacizumab has been adopted
as first-line therapy [2, 40]. However, it was not reim-
bursed by the national health insurance in China, which
placed a greater financial burden on patients compared to
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sorafenib or lenvatinib. In this regard, lenvatinib still re-
mains a preferred choice in clinical practice, and our
study provides novel insight into the potential benefit of
systematic therapy combined with TACE. Additionally,
although several agents have been approved as second-
line treatments [41-45], it should be noted that all of
them were tested in patients who progressed and were
tolerant to sorafenib. Thus, the relative benefit of these
drugs in patients previously treated with lenvatinib re-
mains uncertain [46]. This is the main reason why we en-
courage lenvatinib administration as long as no serious
AEs occurred. A recent study demonstrated that the
prognosis of unresectable HCC patients for whom lenva-
tinib treatment was continued after PD was significantly
preferable to the prognosis of those who discontinued
lenvatinib beyond PD [46]. Future studies are needed to
determine the benefit of second-line treatments in pa-
tients previously treated with lenvatinib.

The present study supports the safety of lenvatinib
plus DEB-TACE and lenvatinib alone, as no serious com-
plications happened during the treatment period and the
incidences of AEs were comparable in the two groups.
Regarding TACE-related issues, temporary increases in
alanine aminotransferase and aspartate aminotransferase
were most common in the combination group, but most
cases were graded as 1 or 2 and could be managed. The
most frequent AEs were fatigue (46.4%), anorexia (44.9%),
and nausea (40.7%), in monotherapy group, which were
comparable to those observed in other real-life studies
(online suppl. Table 10). In Child-Pugh B patients, the
incidence of AEs was relatively higher than that among
Child-Pugh A patients, and a potential underestimation
should not be ignored considering the limited sample size
with a lower starting dose in those patients and the nature
of our retrospective study design. TACE might induce a
deteriorated liver function; however, the ALBI score was
not significantly altered at the first follow-up in LEN +
DEB-TACE group (Fig. 4), the main reasons might be as
follows: First, 90% of patients who present MVI were Vp2
and Vp3. As for MVI, the NCCN and BCLC guidelines
recommend against TACE due to concerns that arterial
embolization will result in severe ischemia and compro-
mise remaining liver function, in the setting of preexist-
ing occlusion of the liver’s primary blood supply. In fact,
the likelihood of this depends on multiple factors, includ-
ing the degree of cavernous transformation, the location
of portal vein thrombus, and the location of the tumor.
Multiple retrospective studies have demonstrated the
safety of TACE in the presence of both segmental and
main portal vein tumor thrombosis [47-50], and a recent

Lenvatinib plus DEB-TACE for Advanced
HCC

RCT by Ding et al. [38] confirmed the safety of lenvatinib
plus TACE for the patient with MVI. Second, 93.7% pa-
tients received super-selective procedure in combined
group. In patients with MVI, a higher percentage of pa-
tients (95%) underwent this fine procedure. Advantages
of super-selective embolization over nonselective embo-
lization are less damage to the liver parenchyma and a
stronger anticancer effect than those of nonselective em-
bolization. Third, another factor was DEB-TACE we per-
formed, since it’s lower rate of AEs, comparing with con-
ventional TACE [47]. The dose of agent per milliliter of
beads in patients with Vp3 and Vp4 was significantly low-
er than that in patients with no MVI and Vp2 (Mann-
Whitney U test, p < 0.001, online suppl. Fig. 7). These
relatively lower doses of chemotherapy agents might be
possible to reduce liver damage. Finally, antiviral therapy
was encouraged to reduce the liver damage caused by
HBV/HCV infections, which might be contributing to
protecting liver function. Indeed, a maintained liver func-
tion could increase the treatment duration of lenvatinib
along with DEB-TACE (mean 7.6 + 5.4 months vs. mean
5.8 + 4.3 months, p = 0.047) and a high relative dose in-
tensity of agent. These factors might contribute to favor-
able outcomes.

Recently, Kudo et al. [18, 20] proposed the concept and
utility of LEN-TACE sequential therapy for patients with
intermediate-stage HCC beyond up-to-7 criteria. Ando et
al. [51] demonstrated LEN-TACE sequential therapy may
provide a deep response and favorable prognosis for inter-
mediate-stage HCC. Kawamura et al. [52] reported the
utility of LEN-TACE sequential therapy for prolonging
post-progression survival during LEN treatment. In real-
life practice, the optimal treatment strategy for intermedi-
ate and advanced patients still remains an unmet need,
since its heterogeneous characteristics. Therefore, along
with the previous studies, the current study sought to ex-
plore an effective and safe method to solve these needs as
possible. Unlike LEN-TACE sequential therapy, the pres-
ent study demonstrated lenvatinib combined DEB-TACE
provided a novel approach in improving the prognosis of
advanced HCC, and its strengths lied in: on the one hand,
DEB-TACE provided a deeper and earlier disease control,
which might provide a higher antitumor effect of lenva-
tinib under the released tumor burden. On the other hand,
super-selectively DEB-TACE did not increase the risk of
liver function damage, which could maintain a high rela-
tive dose intensity and a long treatment duration of the
agent, which suggests a favorable prognosis [52, 53].

We acknowledge some limitations of our study. First-
ly, selection and indication bias are inherent in retrospec-
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tive observational studies, and although we performed a
multivariate regression and PSM to adjust for potential
confounders, unidentified biases may have acted signifi-
cantly. Second, although the obvious advantage of lenva-
tinib plus DEB-TACE can be clearly observed in most
clinical settings, the multiple subgroup analyses might
have decreased the sample size, and therefore, the conclu-
sion should be interpreted with caution. Third, other
endpoints are becoming essential, such as duration of re-
sponse/CR, etc. However, these endpoints need an ex-
tremely regular and rigorous follow-up protocol to cap-
ture survival benefits. As a matter of fact, the majority of
patients might not follow it completely in real-world
practice, and much radiologic information after treat-
ment was hard to obtain because of the retrospective na-
ture, and it is advisable to use it to capture benefit in high
quality, prospective studies. Finally, since most study pa-
tients had HBV-related etiology and still the sample size
was limited, additional prospective studies are highly
warranted to generalize and extrapolate our findings.

In conclusion, lenvatinib plus DEB-TACE is expected
to be promising and beneficial for patients with advanced
HCC in the real-world setting, offering significant im-
provements in OS, PES and ORR compared to lenvatinib
alone, with acceptable adverse effects. Future prospective
studies are required to confirm the efficacy and safety of
the combination therapy.
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