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Transarterial chemoembolization
combined with lenvatinib versus
transarterial chemoembolization
combined with sorafenib for
unresectable hepatocellular
carcinoma: A systematic review
and meta-analysis

Jun-Ning Liu, Ji-Jiang Li, Shu Yan, Guang-Nian Zhang
and Peng-Sheng Yi*

Department of Hepato-Biliary-Pancreas II, Affiliated Hospital of North Sichuan Medical College,
Nanchong, China
Background: The combination of tyrosine kinase inhibitors (TKIs) and transarterial

chemoembolization (TACE) fulfills an important role in the treatment of

unresectable hepatocellular carcinoma (uHCC). Among the combination

therapies, both lenvatinib and sorafenib combined with TACE are recommended

as first-¬line treatments for uHCC. However, at present, limited data are available

concerning the efficacy and safety of these two combination therapies in uHCC.

Methods: A detailed systematic search for studies on lenvatinib plus TACE (LEN

+TACE) and sorafenib plus TACE (SOR+TACE) was conducted in the online

databases PubMed, Embase and The Cochrane Library. The outcome data

including overall survival (OS), progression free survival (PFS), time to

progression (TTP), tumor response and adverse events (AEs), were independently

extracted by two authors in a standardized way.

Results: One randomized controlled trial and five cohort studies with 598 patients

(LEN+TACE: 261, SOR+TACE: 337) were included in the meta-analysis. A higher

rate of odds ratio (OR) for the objective response rate (ORR) [OR: 3.63; 95%

confidence intervals (95% CI): 1.89-6.95; I squared statistic (I2) = 57%, P < 0.001]

and disease control rate (DCR) (OR: 3.78; 95% CI: 2.00-7.16; I2 = 52%, P = 0.0001)

were observed in the LEN+SOR group compared with the SOR+TACE group. The

LEN+TACE group also had significant longer OS [hazard ratio (HR): 0.67; 95% CI:

0.52-0.85; I2 = 1%, P = 0.001], PFS (HR: 0.49; 95% CI: 0.38-0.62; I2 = 0%, P? 0.001)

and TTP (HR: 0.62; 95% CI: 0.45-0.84; I2 = 0%, P = 0.002) compared with the SOR

+TACE group. The incidence of hypertension (OR: 3.05; 95% CI: 1.45-6.39; P =

0.003) and proteinuria (OR: 5.25; 95% CI: 1.73-15.89; P = 0.003) were significantly

higher in the LEN+TACE group than SOR+TACE group, while LEN+TACE group

exhibited a lower rate of hand–foot–skin reaction (HFSR) (OR: 0.51; 95% CI: 0.27-

0.95; P = 0.03) compared with the SOR+TACE group.
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Conclusion: The combination therapy of LEN+TACE showed significant

superiority compared with SOR+TACE in terms of its efficacy for patients

with uHCC. SOR+TACE should be recommended as a replacement therapy

when serious AEs occur during the administration of LEN+TACE as the

combination therapy.
KEYWORDS

hepatocellular carcinoma (HCC), lenvatinib, sorafenib (nexavar), transarterial
chemoembolization (TACE), combination therapy
1 Introduction

Liver cancer is the sixth most common and the third most lethal

cancer globally, causing approximately 830,000 deaths in 2020 (1).

Hepatocellular carcinoma (HCC), as the dominant type of liver

cancer, accounts for 75-85% of all liver cancer-associated deaths (1,

2). Liver surgical resection is still considered as the definitive

treatment, with high clinical efficacy for early stage HCC; however,

the remaining two-third of patients who do not have early-stage HCC

can only receive non-curative treatments (3–5).

Transarterial chemoembolization (TACE) has been widely

performed for patients with intermediate-stage HCC. Hepatic

arteries, as the most important nutrient arteries for HCC, are

selectively blocked by TACE, and the procedure leads to the

deposition of high concentrations of chemotherapeutic drugs in the

tumors, eventually leading to necrosis of the tumor cells (6).

According to the updated Barcelona Clinic Liver Cancer (BCLC)

strategy, TACE is still recommended as the main treatment for BCLC

stage B patients and partial BCLC stage A patients for whom curative

treatment methods are either infeasible or have otherwise failed (7).

When these patients are not suitable candidates for TACE, systemic

treatment may be considered as the next option.

Tyrosine kinase inhibitors (TKIs) are widely administered for

various types of cancer through their ability to specificaly bind the

tyrosine kinase domain of endothelial growth factor receptor (EGFR)

(8). As a primary treatment method, TKIs have greatly benefited

patients with advanced HCC. For example, sorafenib, the first

multitargeted TKI for HCC, is able to inhibit tumor growth and

angiogenesis through targeting both the Raf/MEK/ERK pathway and

receptor tyrosine kinases, thereby significantly improving the median

survival rates of patients with advanced HCC (9, 10). In addition,

lenvatinib has been shown to suppress vascular endothelial growth

factor receptors (VEGFR) 1-3, fibroblast growth factor receptor

(FGFR) 1-4, platelet- derived growth factor receptor -alpha

(PDGFRa), and proto-oncogenes RET and KIT (11). According to

Masatoshi Kudo et al. (12), lenvatinib showed non-inferiority

compared with sorafenib with regard to overall survival (OS), and

all secondary endpoints indicated statistically significant

improvement concerning its use. Another recently study also

demonstrated that lenvatinib was associated with prolonged

progression free survival (PFS) (13). The emergence of lenvatinib as
02
a therapeutic option, therefore, appears to have challenged the

supremacy of sorafenib in the treatment of advanced liver cancer.

With the improvements that are being made in medical knowledge,

locoregional therapies combined with systemic therapies for unresectable

HCC (uHCC) have been widely accepted, and feature among them are

TACE plus TKIs therapies. In addition to sorafenib, other TKIs,

including lenvatinib, regarofenib and cabozantinib, have been approved

by the United States Food and Drug Administration (FDA) for the

treatment of uHCC (14), and so a wide range of suitable combination

treatment options are now available for patients. A comparative

retrospective study (15) indicated that the median OS time was

significantly longer in a lenvatinib plus TACE (LEN+TACE) treatment

group compared with the sorafenib plus TACE (SOR+TACE) group

(30.5 vs. 20.5 months; P = 0.018).

However, by contrast, another cohort study performed by Lee et al.

(16) obtained an outcome that identified that the median OS time of the

LEN+TACE group compared with the SOR+TACE group was not

statistically significant (8.75 vs. 7.57 months; P = 0.625). In addition,

several related reports have been published to compare the effects

between these two therapeutic methods patients with uHCC (17–20).

In order to address this controversial issue and to provide more

suitable alternative therapeutic strategies for patients with uHCC, the

aim of the present study was to perform a meta-analysis to compare

the efficacy and safety of the two combination therapies (i.e., LEN

+TACE and SOR+TACE).
2 Materials and methods

2.1 Search strategy

The present analysis complied with the guidelines specified by

The Preferred Reporting Items for Systematic reviews and Meta-

Analyses (PRISMA) (21). The available literature was searched using

the online databases PubMed, Embase and The Cochrane Library

(Supplementary Data 1). The following search items were used: “liver

neoplasms”, “carcinoma, hepatocellular”, “hepatic*”, “hepato*”,

“carcinoma*” , “cancer*” , “tumor*” , “chemoembolization,

therapeutic”, “chemoemboli*”, “transarterial”, “TACE”, “lenvatinib”,

“lenvaxen”, “sorafenib and “nexavar”. There were no language

limitations or other restrictions imposed in the search strategy.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1074793
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2023.1074793
2.2 Eligibility criteria

Studies were included if they fulfilled the following criteria: i) the

study population comprised patients diagnosed with uHCC; ii)

patients with HCC had received LEN+TACE compared with SOR

+TACE; iii) the study in question was a randomized controlled trial

(RCT), cohort study or case-control study; and iv) the primary

outcomes assessed were OS, PFS or time to progression (TTP).

Studies were excluded if they fulfilled the following criteria: i) the

patients had previous or current malignant tumors; ii) the patients

received immunotherapy and/or targeted therapy before the

combination therapy; iii) the study in question was a review, meta-

analysis, conference abstract, letter or case report; and iv) study lacked

adequate outcomes data or reported on outcomes of no interest.
2.3 Data extraction and quality assessment

The data were independently extracted by two authors (JN Liu

and JJ Li) in a standardized way, and any disagreements between

them were resolved by discussion with a third author (PS Yi). The

data extracted from each study were as follows: i) the first author’s

name, year of publication, nationality of study population and study

design; i i) the sample size , patient demographics and

clinicopathological features; iii) the hazard risk (HR) and

corresponding 95% confidence intervals (95% CI) for OS, PFS and

TTP; iv) the complete response (CR), partial response (PR), stable

disease (SD), progressive disease (PD), objective response rate (ORR)

and disease control rate (DCR); and v) the incidence of AEs. If the

studies did not events data of interest concerning endpoint events and

only Kaplan-Meier (K-M) survival curves were available, Engauge

Digitizer version 11.3 was used to read the K-M curves to obtain

relevant data.

Assessment of the quality of the included studies was undertaken

independently by JN Liu and JJ Li. The Newcastle-Ottawa Scale

(NOS) was used to assess cohort studies (22), and the Cochrane

risk of bias tool was applied for RCTs (23).
2.4 Statistical analysis

Review Manager version 5.3 was used for all statistical analyses.

The study outcomes included OS, PFS, TTP, tumor response (ORR,

DCR, CR, PR, SD and PD) and AEs. The primary outcomes (OS, PFS

and TTP) are presented as the HR and 95%CIs, whereas the log-HR

and its variance were pooled with the use of an inverse variance

weighted average. The tumor response was evaluated according to

modified Response Evaluation Criteria in Solid Tumors (mRECIST)

criteria (24).

The ORR was defined as CR and PR, whereas the DCR was

defined as the sum of CR, PR and SD. Tumor response and AEs are

expressed in terms of OR with 95% CIs. According to Q statistics and

the I-squared statistic (I2) index, studies with P < 0.05 and I2 > 50%

were considered to have high heterogeneity (25). Galbreath radial

plots were used to evaluate the heterogeneity of included studies, and

sensitivity analysis was used to test the robustness of the primary
Frontiers in Oncology 03
outcomes date. P < 0.05 was considered to indicate a statistically

significant value.
3 Result

3.1 Study selection

A total of 546 relevant studies were identified from online

databases by the search employed (Figure 1). Sixty-five duplicate

studies were removed. After screening the title and abstract, assessing

the eligibility of the studies and considering other various factors, 475

studies were excluded. Finally, a total of six studies were included in

our meta-analysis (15–20).
3.2 Study characteristics

The characteristics of the six enrolled studies are presented in

Table 1. Among them, one study was a single-center prospective RCT

from China (17), whereas the other five studies were single-center or

multicenter prospective or retrospective cohort studies which were

conducted in China, Japan and Korea (15, 16, 18–20). A total of 598

patients with uHCC were included, of which 261 patients were treated

with LEN+TACE combination therapy, whereas 337 patients were

treated with SOR+TACE. According to these studies, more men than

women were included in the analysis. All patients had a class A or B

Child–Pugh score, and all patients were identified as being in BCLC B

or C stage in the five studies in which the BCLC stage of patients was

clearly reported. In addition, the majority of the patients had an

Eastern Cooperative Oncology Group Performance Status (ECOG

PS) score of 0-1, and were infected with hepatitis B virus (HBV).

For the majority of the included studies, epirubicin was chosen as

the chemotherapeutic agent. The embolic agents used included such

agents as lipiodol, gelatin sponge or BeadTM. In all studies, the dosage

of sorafenib received was 400 mg twice a day, whereas lenvatinib was

administered at dose of 8 or 12 mg once a day according to whether

the weight of patient was less than or greater than 60 kg. If necessary,

the dosage of TKIs were able to be adjusted according to the

manufacturer’s protocal (Table 2).

Only one RCT had been assessed for quality according to the

Cochrane risk of bias tool, and this was considered to be a low bias

study. In addition, the NOS was used to assess the five cohort studies,

which had 7-9 score were therefore deemed to be high quality studies.

The details of the quality assessment are shown in Table 3.
3.3 Tumor response

The tumor response rates, which included ORR, DCR, CR, PR,

SD and PD were assessed according to either RECIST or mRECIST

criteria (26). A random-effect model was used to pool OR for ORR

(OR:3.63; 95% CI: 1.89-6.95; I2 = 57%, P < 0.001) and DCR (OR: 3.78;

95% CI: 2.00-7.16; I2 = 52%, P < 0.001), which indicated the

significant superiority of the LEN+TACE group over the SOR

+TACE group (Figure 2A). The higher OR for ORR and DCR in
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LEN+TACE group might have arisen due to contributions from the

rate of CR (OR: 2.39; 95% CI: 1.21-4.71; I2 = 0%, P = 0.01) and PR

(OR: 3.10; 95% CI: 1.52-6.30; I2 = 63%, P = 0.002). No significant

differences, however, were identified in terms of SD (OR: 1.19; 95%

CI: 0.48-2.98; I2 = 82%, P = 0.71) or PD (OR: 0.55; 95% CI: 0.18-1.68;

I2 = 81%, P = 0.29) (Figure 2B).
3.4 OS, PFS and TTP

Five studies reported information on OS; however, the study by

Shimose et al. (18) did not provide information on OS since an

estimated median OS was not observed in the lenvatinib group. The

pooled results illustrated that the LEN+TACE combination therapy

group had longer OS rates compared with the SOR+TACE group

(HR: 0.67; 95% CI: 0.52-0.85; I2 = 1%, P = 0.001) (Figure 3). After

exclusion of the RCT, the pooled OS of the LEN+TACE combination

therapy group (HR: 0.68; 95% CI: 0.52- 0.87; I2 = 24%, P = 0.003) still

showed significant superiority over the SOR+TACE group.

The meta-analysis for PFS (HR: 0.49; 95% CI: 0.38-0.62; I2 = 0%,

P < 0.001) showed that the LEN+TACE group was associated with a

significantly improved PFS compared with the SOR+TACE

group (Figure 3).

The TTP value (HR: 0.62; 95% CI: 0.45-0.84; I2 = 0%, P = 0.002)

was reported in only two studies, of which the pooled results showed

that the LEN+TACE group had a significantly lower risk of disease

progression compared with the SOR+TACE group (Figure 3). No

heterogeneity in OS, PFS or TTP was observed, so a fixed-effects

model was used to pool the effects.
Frontiers in Oncology 04
3.5 Advertise events

All studies reported AEs, and the 12 most common grade 3/4 AEs

from the studies were analyzed. Among them, the most common AEs

were pain (14.1%), fever (11.1%) and hypertension (9.2%) for the

LEN+TACE combination group, whereas pain (13.1%), fever (12.6%)

and HFSR (11.0%) were the most common AEs for SOR+TACE

group. The incidence of hypertension (OR: 3.05; 95% CI: 1.45-6.39; P

= 0.003) and proteinuria (OR: 5.25; 95% CI: 1.73-15.89; P = 0.003)

were significantly higher in the LEN+TACE group compared with the

SOR+TACE group; moreover, the LEN+TACE group showed a lower

rate of HFSR (OR: 0.51; 95% CI: 0.27-0.95; P = 0.03) compared with

SOR+TACE group. Between the two therapy groups, no significant

differences were observed in the incidence of diarrhea, transaminitis,

decreased appetite, fatigue, nausea and/or vomiting, rash, pain, fever

and ascites. The specific details of the pooled analysis of AEs are

shown in Table 4 and Supplementary Figure 1.
4 Discussion

At present, various therapeutic strategies are administered for the

treatment of uHCC, among which a combination of TACE and TKIs

represents the main treatment. With sorafenib as the first

multitargeted TKI for the treatment of HCC, and lenvatinib having

been approved by the FDA (14), certain studies comparing lenvatinib

and sorafenib monotherapy, or lenvatinib and sorafenib combined

with TACE, for uHCC gradually emerged.
FIGURE 1

PRISMA flow diagram of the process for the identification of eligible studies.
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TABLE 1 Demographic characteristics of included studies.

AFP (ng/ml) Tumor
number

Largest
tumor

Extrahepatic
metastasis

(Y/N)

23731.4 ± 47862.5† ≤3/>3: 27/5 >7/≤7: 25/7 13/19

22862.5 ± 42846.2† ≤3/>3: 27/5 >7/≤7: 23/9 9/23

≥400/<400: 24/14 ≤3/>3: 22/16 >7/≤7: 24/14 NR

≥400/<400: 23/15 ≤3/>3: 25/13 >7/≤7: 26/12

1329 (18-10462)‡ ≤3/>3: 10/40 >5/≤5: 13/37 23/27

264 (28-4234)‡ ≤3/>3: 24/76 >5/≤5: 19/81 55/45

50.8 (2.8-30772)‡ ≤3/>3: 6/39 NR NR

64.5 (1.8-113534)‡ ≤3/>3: 1/52

278.9 (1.4–115807) NR NR 24/19

708.8 (1.3–512682) 39/16

≥400/<400: 33/20 ≤3/>3: 29/24 >7/≤7: 33/20 17/36

≥400/<400: 34/25 ≤3/>3: 33/26 >7/≤7: 37/22 20/39

l; LEN, lenvatinib; SOR, sorafenib; TACE, transarterial chemoembolization; Y, yes; N,
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Study
(Year)

Country Study
design

Treatment Number of
patients

Age (mean/
median)

Male/
Female

BCLC
stage

Child-
Pugh
class

ECOG
score

Viral
hepatitis

Ding
2021

China RCT LEN+TACE 32 57 ± 11 † 25/7 All C A/B: 22/
10

0/1:
24/8

HBV/HCV/
other: 30/1/
1

SOR+TACE 32 56 ± 11 † 27/5 A/B: 28/4 0/1:
22/10

HBV/HCV/
other: 29/3/
0

Yang
2021§

China Cohort
study

LEN+TACE 38 55.18 ± 10.94 34/4 All C A/B: 37/1 0/1/2/
3:

7/20/
11/0

HBV/HCV/
other: 36/0/
2

SOR+TACE 38 54.39 ± 12.17 34/4 A/B: 37/1 0/1/2/
3:

3/24/9/
2

HBV/HCV/
other: 34/3/
1

Xue
2021 §

China Cohort
study

LEN+TACE 50 54 (49-61)‡ 46/4 All C A/B: 41/9 0/1:
37/13

HBV/other:
49/4

SOR+TACE 100 54 (49-63)‡ 97/3 A/B: 84/
16

0/1:
84/16

HBV/other:
97/3

Shimose
2020

Japan Cohort
study

LEN+TACE 45 75 (45-89)‡ 40/5 NR All A All 0 HBV/HCV/
other: 9/25/
11

SOR+TACE 53 73 (54-86)‡ 46/7 HBV/HCV/
other: 7/34/
12

Lee
2020

Korea Cohort
study

LEN+TACE 43 60 (32-85)‡ 35/8 B/C: 8/
35

A/B: 37/6 0/1:
16/27

HBV/HCV/
other: 31/3/
9

SOR+TACE 55 63 (43-86)‡ 42/13 B/C: 8/
47

A/B: 52/3 0/1:
22/33

HBV/HCV/
other: 42/2/
11

Zhang
2022

Chnia Cohort
study

LEN+TACE 53 57.7 ± 11.8 † 44/9 B/C:
27/26

A/B: 52/1 0/1:
43/10

HBV/other:
50/3

SOR+TACE 59 58.8 ± 11.1 † 52/7 B/C:
26/33

A/B: 57/2 0/1:
45/14

HBV/other:
55/4

BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; AFP, alpha-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus; RCT, randomized controlled tri
no. NR, not reported.
†Data presented as mean ± SD.
‡Data presented as median (range).
§Data extraction after propensity score matching method.
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TABLE 2 Procedures of lenvatinib plus TACE and sorafenib plus TACE combination therapy.

Study Year
TACE Lenvatinib Sorafenib Time

Chemotherapy Embolization

Ding 2021 Epirubicin 50 mg (mixed with lipiodol) Lipiodol 5-20ml, absorbable Embosphere
microspheres 300-500mm

Weight<60 kg,
8 mg qd;

weight≥60 kg,
12 mg qd

400 mg bid Within 3
days before

TACE

Yang 2021 Epirubicin 40-45 mg (mixed with iodized oil) Iodized oil 2-10 ml, gelatin sponge particle 350-
560 µm

Weight<60 kg,
8 mg qd;

weight≥60 kg,
12 mg qd

400 mg bid Within 7
days before
or after
TACE

Xue 2021 Doxorubicin 40-80 mg Emulsion of Callisphere DEB 100-300 µm Weight<60 kg,
8 mg qd;

weight≥60 kg,
12 mg qd

400 mg bid 2-3 weeks
prior to the
first DEB-
TACE
session,

terminated
for 2 days
before and
after each
DEB-
TACE
session

Shimose 2020 Epirubicin 20-50 mg or cisplatin 20-50 mg Lipiodol, 1-mm absorbable gelatin sponge
particles

Weight<60 kg,
8 mg qd;

weight≥60 kg,
12 mg qd

400 mg bid After
TACE

Lee 2020 NR NR Weight<60 kg,
8 mg qd;

weight≥60 kg,
12 mg qd

400 mg bid After
TACE

Zhang 2022 Lobaplatin 30–50 mg; epirubicin, 10–30 mg Lipiodol, 300 mm polyvinyl alcohol particles or
gelatin sponge particles

Weight<60 kg,
8 mg qd;

weight≥60 kg,
12 mg qd

400 mg bid Initially
within 2

weeks after
the TACE
procedure,
an interval
of 3–7 days
before and
after each
subsequent
TACE
session
F
rontiers in
 Oncolog
y 06
 fro
TACE, transarterial chemoembolization; DEB, drug-eluting beads.
TABLE 3 Assessment of cohort studies using Newcastle–Ottawa scale.

Study Year Selection Comparability Exposure/outcome Total
Score

Represent-
ativeness of
Cohort★

Selection of
control
cohort★

Ascertainment
of exposure★

Outcome not
present at
start★

Comparability
of cohorts★★

Assessment
of outcome★

Length of
follow★

Adequacy of
follow up★

Total
score
9

Lee 2020 ★ ★ ★ ★ ★ ★ ★ 7

Shimose 2020 ★ ★ ★ ★ ★ ★ ★ 7

Xue 2021 ★ ★ ★ ★ ★★ ★ ★ 8

Yang 2021 ★ ★ ★ ★ ★★ ★ ★ 8

Zhang 2022 ★ ★ ★ ★ ★ ★ ★ 7
ntie
rsin.org
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The present meta-analysis included five cohort studies and one

RCT, comprising total 598 patients, which aimed to explore the

efficacy and safety of the LEN+TACE combination therapy group

compared with the SOR+TACE therapy group. The pooled analysis

demonstrated that, compared with SOR+TACE combination therapy

group, the LEN+TACE group exhibited significantly improved OS,

PFS and TTP rates. Furthermore, the LEN+TACE group was also

revealed to have a higher rate of ORR and DCR. These encouraging
Frontiers in Oncology 07
results are expected to help us to provide better treatment regimens

and to make more accurate clinical decisions.

TACE as the first-line treatment for uHCC effectively causes

tumor cells to become necrotic through selectively blocking hepatic

arteries and releasing chemotherapeutic drugs (6). However, the side

effects present obvious problems, including abnormal liver function

and increased expression levels of VEGF and fibroblast growth factor

(FGF), thereby promoting angiogenesis, as well as tumor recurrence
A

B

FIGURE 2

Forest plots for the comparison of (A) objective response rate (ORR) and disease control rate (DCR), and (B) complete response (CR), partial response
(PR), stable disease (SD) and progressive disease (PD).
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(27, 28). On this basis, sorafenib and lenvatinib, which are able to

inhibit tumor growth and angiogenesis, potentially appeared to be

good options to use in combination with TACE for the treatment of

uHCC (9–11, 29). A retrospective propensity score-matched analysis

reported that the LEN+TACE group appeared to be superior to the

TACE group with respect to OS (27.7 vs. 18.4 months; P = 0.043), PFS

(8.3 vs. 4.6 months; P = 0.008) and ORR (64.1 vs. 36.5%; P = 0.002) for

uHCC; moreover, another retrospective controlled study reached

similar conclusions (30, 31). As for the comparison between

lenvatinib combined with TACE and lenvatinib monotherapy, a

multicenter, open-label, phase III randomized clinical trial in China

by Peng et al. (32) demonstrated that the LEN+TACE group had a

significantly longer median OS (17.8 vs. 11.5 months; HR = 0.45; P <

0.001) and PFS (10.6 vs 6.4 months; HR = 0.43; P < 0.001). In

addition, a network meta-analysis by Zhang et al. (33), in agreement

with above mentioned studies, revealed that the combination therapy

of TACE and TKIs was superior to both TACE monotherapy and

TKIs monotherapy in terms of its safety and efficacy.

Kudo et al. (12) reported that the median survival time upon

administering lenvatinib therapy showed non-inferior compared with

sorafenib (13.6 vs. 12.3 months; HR = 0.92, 95% CI: 0.79-1.06).

Similarly, a recently published prospective cohort study (34) also

found that lenvatinib did not return a survival advantage over

sorafenib (HR: 0.82; 95% CI: 0.62- 1.07) for patients with uHCC

after inverse probability treatment weighting, although the median

survival showed a power of 99% non-inferiority declaration.

However, patients being treated with lenvatinib who had previously

received TACE experienced a prolonged survival time compared with

sorafenib (HR: 0.69; 0.50-0.96), which suggested that the use of

lenvatinib appeared to be of greater benefit compared with

sorafenib for patients with uHCC who also received TACE. Our

meta-analysis compared the two combination therapies of LEN

+TACE and SOR+TACE for patients with uHCC. The outcome of

a significantly longer OS (HR: 0.67; 95% CI: 0.52-0.85) and PFS (HR:

0.49; 95% CI: 0.38-0.62) in pooled results showed that patients
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received a greater benefit from a combination of LEN+TACE than

they did through treatment with SOR+TACE. Even though only two

studies reported TTP values, we still performed a pooled analysis and

obtained the same encouraging results. Moreover, we also observed

that the LEN+TACE combination treatment group had higher ORR

and DCR values possibly due to the higher values for CR and PR

compared with the SOR+TACE group, whereas no significant

differences in SD and PD were observed comparing between two

therapy group. Ding et al. (17) reported the sequential treatment

strategies of combination therapy treated patients after disease

progression, and patients who received the addition of

camrelizumab-based therapies appeared to have better OS than

those receiving TKIs monotherapy. However, the best options of

sequential treatment after TACE in combination with TKIs need to be

found by more large-scale RCTs.

Another meta-analysis by Facciorusso et al. (13) compared

lenvatinib vs. sorafenib monotherapies, and also obtained the result

of better efficacy using lenvatinib. Based on previous studies and our

meta-analysis, the results collectively show excellent efficacy in terms

of using LEN+TACE combination treatment compared with both

sorafenib monotherapy and SOR+TACE combination therapy.

Regarding the AEs, the 12 most common grade 3/4 AEs were

counted in this meta-analysis. Our meta-analysis showed that the

LEN+TACE combination therapy group increased the probability of

hypertension and proteinuria relative to the SOR+TACE group,

although there was a lower risk of HFSR. They were also one of the

most common AEs of each of the two groups respectively. Thus, it can

be seen that, the safety profiles of sorafenib and lenvatinib were

consistent with those reported in the previous study by Kudo et al.

(12). Although these events were considered to be common side

effects of TKIs, several significant differences were observed the

between two groups. This finding would make it possible to the

choose an alternative therapeutic strategy whenever serious side

effects may occur. Furthermore, pain and fever were also two of the

most common identified, although showed no significant differences
FIGURE 3

Forest plots for the comparison of overall survival (OS), progression free survival (PFS) and time to progression (TTP).
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were identified for these comparing between the two combination

therapy groups. Zhang et al. (35) also observed similar AEs,

irrespective of whether or not sorafenib monotherapy was

compared with SOR+TACE. This result was predominantly due to

postembolization syndrome (PES), which is a common complication

of TACE and leading to a series of symptoms, including fever, nausea,

abdominal pain, vomiting and so on. Fortunately, PES is controllable

and previous studies have shown that steroids and Chinese herbal

medicine are able to effectively prevent or alleviate it (36–38).

However, this systematic review and meta-analysis did have

certain limitations. Firstly, the sample size of included studies was

not of a sufficient size that the possibility of overestimated treatment

effects could be excluded, and there was only one RCT included out of

the total of six included studies, which may have led to a potential risk

of selection bias. Secondly, differences did exist in terms of the

implementation of the procedures of two therapy groups, and this

may have directly affected the outcome of studies. Thirdly, due to the

limited number of included studies, it wasn’t possible to perform

sensitivity and specific subgroup analysis. Therefore, additional large-

scale, multicenter, randomized controlled studies are required.
5 Conclusion

In conclusion, the systematic review and meta-analysis performed in

the present study have indicated that the combination therapy

of lenvatinib and TACE is significantly superior to the use of sorafenib
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and TACE in terms of its efficacy for patients with uHCC. Sorafenib plus

TACE should be recommended as a replacement therapy when serious

AEs occur during the use of LEN+TACE combination therapy.
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TABLE 4 Summary of treatment-related adverse events.

Adverse events LEN+TACE SOR+TACE Number of
Studies

OR (95% CI) P
value

Number of
events

Rate of events
(%)

Number of
events

Rate of events
(%)

Hypertension 24 9.2% 10 3.0% 6 3.05 [1.45, 6.39] 0.003

HFSR 14 5.4% 37 11.0% 6 0.51 [0.27, 0.95] 0.03

Diarrhea 12 4.6% 13 3.9% 6 1.08 [0.49, 2.37] 0.85

Transaminitis 12 4.6% 27 8.0% 6 0.54 [0.27, 1.08] 0.08

Decreased appetite 9 4.7% 11 4.1% 4 1.19 [0.48, 2.93] 0.70

Proteinuria 13 7.6% 3 1.3% 4 5.25
[1.73,15.89]

0.003

Fatigue 9 5.0% 13 5.3% 4 1.00 [0.41, 2.45] 1.00

Nausea and/or
vomiting

11 6.4% 10 4.4% 4 1.90 [0.78, 4.63] 0.16

Rash 1 0.6% 6 1.7% 4 0.36 [0.06, 2.15] 0.26

Pain 19 14.1% 25 13.1% 3 1.18 [0.62, 2.25] 0.62

Fever 15 11.1% 24 12.6% 3 0.87 [0.44, 1.75] 0.70

Ascites 3 2.4% 4 2.2% 3 1.26 [0.32, 5.00] 0.75
front
OR, odds ratio; CI, confidence interval; HFSR, hand-foot-skin reaction.
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