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Original article

Efficacy and safety comparison between Lenvatinib 
and Sorafenib in hepatocellular carcinoma 
treatment: a systematic review and meta-analysis of 
real-world study
Xuefeng Huaa,*, Ziwei Yinb,*, Jin Liangd, Wenbin Chene and Hui Gongc

Objective Our study aimed to evaluate the efficacy and safety of Lenvatinib compared with Sorafenib for treating 
hepatocellular carcinoma (HCC) patients under real-world setting.
Methods We retrieved relevant literature through the PubMed, Embase, Web of Science, and Cochrane Library databases 
from 1 January 2000 to 25 June 2022. The differences in overall survival (OS), progression-free survival (PFS), objective 
response rate (ORR), disease control rate (DCR) as well as treatment adverse related events were evaluated between HCC 
patients treated with Lenvatinib and Sorafenib using fixed or random-effects models. The MINORS evaluation questionnaire 
was used to assess the quality of the included literature.
Results This meta-analysis included a total of 9 single-arm studies and 6 comparative studies. In the meta-analysis, 
Lenvatinib showed significantly longer median OS than Sorafenib (P < 0.01, MD = 1.20, 95% CI [0.92–1.48]), as well 
as median PFS (P < 0.01, OR = 2.68, 95% CI [1.59–3.76]), and higher ORR(P < 0.01, OR = 5.36, 95% CI [3.42–8.40]), 
DCR(P < 0.01, OR = 2.17, 95% CI [1.64–2.86]). The occurrence of Hypertension was higher in Lenvatinib than in Sorafenib 
treatment (P < 0.01, MD = 5.27, 95% CI [2.38–11.66]), and there was no significant difference in Hand-foot syndrome 
between Lenvatinib and Sorafenib.
Conclusion We found that treatment with Lenvatinib in HCC patients resulted in better OS, PFS, and higher ORR and 
DCR compared to Sorafenib. However, safety data indicated that Lenvatinib did not exhibit a significant advantage. Eur J 
Gastroenterol Hepatol 36: 120–128
Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

Introduction

Hepatocellular carcinoma (HCC) is the primary malig-
nancy of liver occurred from chronic liver disease and cir-
rhosis, the incidence of HCC has risen and is ranked 5th 
most common malignancy by WHO, it is also the leading 

cause of mortality in China [1]. Although some early-diag-
nosed HCC patients may be eligible for curative therapies, 
there is still a considerable proportion of patients who fail 
to meet the standards for curative therapy, such as portal 
vein thrombosis or distant metastasis [2]. These unresect-
able advanced HCC patients do not benefit from tradi-
tional surgery or loco-regional treatments. Previously, the 
main treatment option for these patients was oral mul-
tikinase inhibitor sorafenib (Nexavar, Bayer, Leverkusen, 
Germany) [3,4]. However, the narrow therapeutic win-
dow, high progression rates during treatment, and serious 
drug safety issues have limited the clinical application of 
sorafenib. Despite the more promising outcomes offered 
by Regorafenib in second-line therapy following sorafenib 
treatment progression, there is still a need for practical 
and effective alternative approaches to fill the treatment 
gap in first-line therapy [5].

Lenvatinib (Lenvima, Eisai Inc., Woodcliff Lake, NJ, 
USA) is a tyrosine kinase inhibitor (TKI). The mechanism 
of action of Lenvatinib involves the inhibition of vascu-
lar endothelial growth factor receptor (VEGFR)1-2 and 
3, fibroblast growth factor receptor (FGFR) 1-2-3 and 4, 
platelet-derived growth factor receptors, c-KIT, and rear-
ranged during transfection [6]. Based on the characteris-
tics of Lenvatinib, it exhibits stronger inhibitory effects by 
simultaneously targeting both the VEGF and FGF path-
ways. This represents a unique advantage of Lenvatinib 
compared to sorafenib in its anti-FGFR functionality.
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A previous Phase III multicenter randomized controlled 
trial (RCT) demonstrated that Lenvatinib is non-inferior 
to Sorafenib in terms of overall survival (OS) and safety 
in untreated advanced HCC patients [7]. Subsequent 
real-world studies (RWS) [8,9] comparing the two first-
line treatment drugs have yielded consistent results with 
the findings of this study. In the Japanese subgroup [10], 
Lenvatinib demonstrated statistically significant improve-
ments over Sorafenib in terms of progression-free survival 
(PFS) and objective response rate (ORR). In the covari-
ate-adjusted analysis of the Phase III REFLECT trial, the 
original non-inferiority study might have underestimated 
the true impact of Lenvatinib on OS due to baseline covar-
iate imbalances [11]. The comparative evaluation of the 
real efficacy and safety between Lenvatinib and Sorafenib 
is warranted for unresectable HCC patients.

While RCTs are considered the gold standard for assess-
ing drug efficacy and safety, investigations conducted in 
ideal research settings often cannot be equated to real-
world clinical practice. RWS refer to investigations con-
ducted in real-world settings, targeting predefined clinical 
questions and collecting data related to the health status, 
diagnosis, treatment, and healthcare of study subjects (real-
world data) or derived summary data based on such infor-
mation. As a complement to RCTs, RWS have been widely 
applied in the assessment of efficacy and safety on larger 
sample sizes after product approval. Given the inconsistent 
conclusions from previous studies comparing the efficacy 
and safety of Lenvatinib and Sorafenib, we initiated this 
systematic review and meta-analysis to assess the practical 
differences between the two in a real-world setting.

Materials and methods

Literature search strategy

All English-language literature from Pubmed, Embase, 
Web of Science and Cochrane Library databases from 1 
January 2000 to 25 June 2022 were searched. The search 
keywords or the medical subject headings (MeSH) terms 
were as follows: ‘Liver Neoplasms’, ‘Cancer of Liver’, 
‘Hepatocellular Cancer’, ‘Hepatic Cancer’, ‘lenvatinib’, 
and ‘sorafenib’. The search strategy used in PubMed was 
as follows: (‘carcinoma, hepatocellular’[MeSH Terms] OR 
(‘carcinoma’[All Fields] AND ‘hepatocellular’[All Fields]) 
OR ‘hepatocellular carcinoma’[All Fields] OR (‘hepato-
cellular’[All Fields] AND ‘carcinoma’[All Fields])) AND 
(‘real’[All Fields] AND (‘world’[All Fields] OR ‘worlds’[All 
Fields] OR ‘worlds’[All Fields])) AND (‘lenvatinib’[Supple-
mentary Concept] OR ‘lenvatinib’[All Fields] OR (‘lenvati-
nib’[Supplementary Concept] OR ‘lenvatinib’[All Fields] 
OR ‘e7080’[All Fields]) OR (‘lenvatinib’[Supplementary 
Concept] OR ‘lenvatinib’[All Fields] OR ‘lenvima’[All 
Fields])) AND (‘Sorafenib’[Supplementary Concept] OR 
‘Sorafenib’[All Fields] OR (“Sorafenib “[Supplementary 
Concept] OR ‘Sorafenib’[All Fields] OR “ Nexavar “[All 
Fields]) OR (“Sorafenib “[Supplementary Concept] OR 
‘Sorafenib’[All Fields] OR “ BAY5459085 “[All Fields])).

The retrieved literature was screened by title and 
abstract, and the full text of the article was read or rele-
vant experts were consulted for those who were not sure 
of inclusion. The inclusion criteria for this study included: 
(1) all patients had advanced or unresectable HCC. (2) 
Lenvatinib was the only intervention for targeted patients. 

(3) Sorafenib was the comparison treatment for patients. 
(4) Outcome indicators included some or all of the follow-
ing key indicators: OS, PFS, overall response rate (ORR), 
disease control rate (DCR), and treatment adverse related 
events (TAREs). (5) the type of included literature should 
be RWS. Exclusion criteria: (1) case reports, reviews, 
meta-analyses; (2) interventions were Lenvatinib in com-
bination with other drugs or no Lenvatinib monotherapy 
group; (3) data for further analysis was not possible; (4) 
early-stage HCC or resectable HCC.

Data extraction and quality evaluation

Two researchers performed data extraction independently, 
and a third researcher compared the extracted results 
and discussed and unified the data where discrepancies 
existed. The underlying data information included: first 
author, publication year, country, study type, number of 
patients, the details of the intervention and control meas-
ures, and OS, PFS, ORR, DCR, and adverse events in both 
groups. The number of occurrences of safety indicators 
such as hand-foot skin reaction, decreased appetite, and 
hypertension were also extracted. The MINORS checklist 
was used to evaluate the quality of all included literature, 
and a score >17 was considered as high-quality [12].

Statistical analyses

Statistical analyses were performed using the Cochrane 
Review Manager software (RevMan, version 5.3). The pri-
mary endpoints were median OS and median PFS in this 
meta-analysis. the odds ratio (OR) and mean difference 
(MD) were used as effect measures for binary outcome 
variables and continuous outcome variables, respectively. 
Heterogeneity was regarded as significant when P < 0.1 
or I2 > 50%, the fixed-effect model was selected when 
I2 < 50%, otherwise, random-effects model was selected 
for calculating pooled data. Sensitivity analysis was con-
ducted by removing each study in turn. P < 0.05 was con-
sidered statistically different.

Results

Included literatures

As shown in Fig. 1, a total of 784 articles were searched 
through PubMed, Web of Science, Embase, and Cochrane. 
Fifteen RWS [13–27], including 9 single-arm studies and 6 
comparison studies were finally included.

Basic characteristics of the included literature

Fifteen publications were eventually included (Supplement 
Table 1, Supplemental digital content 1, http://links.lww.
com/EJGH/A935), all of which were RWS, with a final 
number of 2315 patients included and the quality eval-
uation was shown in Supplement Table 2, Supplemental 
digital content 2, http://links.lww.com/EJGH/A936. The 
intervention was Lenvatinib monotherapy in the experi-
mental group and Sorafenib in the control group. Three 
comparison studies did not report the treatment dose of 
Lenvatinib, one single-arm study had a treatment dose of 
8 mg daily or 4 mg daily gradually increasing to 12 mg 
daily, and the remaining 11 studies gave 12 mg daily for 
weight >60 kg and 8 mg daily for weight <60 kg.

http://links.lww.com/EJGH/A935
http://links.lww.com/EJGH/A935
http://links.lww.com/EJGH/A936
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Efficacy evaluation

Median OS

There were only two single-arm studies that reported 
median OS, which was not applicable for meta-anal-
ysis. Therefore, the meta-analysis of Median OS was 
only applied in three comparison studies [22,24,27]. 
Fixed-effects model was selected as there was no het-
erogeneity (I2 = 32%). The results revealed that the 
median OS of patients with advanced liver cancer was 
significantly longer with Lenvatinib treatment com-
pared to Sorafenib. (P < 0.00001, MD = 1.20, 95% CI 
[0.92,1.48], Fig. 2).

Median PFS

Three single-arm real studies [13,15,21] and four com-
parison studies [22–24,26] reported median PFS. In the 
meta-analysis including single-arm real studies (Fig. 3a), 

Lenvatinib treatment groups were divided into Child 
A and Child B subgroups based on liver function grad-
ing, there were no heterogeneity in both groups, and the 
fixed-effect model was selected, the results indicated that 
median PFS and corresponding 95% CI was 5.30 [4.26–
6.33] and 3.10 [3.00–3.20] for child-A group and Child-B 
group, respectively, and combination median PFS with 
95%CI was 3.12 [3.02–3.22] in included single-arm real 
studies. As for comparison studies, random-effect model 
was selected as there was high heterogeneity, results sug-
gested that the median PFS of patients with advanced liver 
cancer was higher after receiving Lenvatinib treatment 
compared to Sorafenib (P < 0.00001, OR = 2.68, 95%CI 
[1.59–3.76], Fig. 3b).

Objective response rate

Four single-arm studies [13,14,16,19] and six compar-
ison experiments [22–27] reported ORR, respectively. 

Fig. 1. Search and screening results of the literature included in the meta-analysis.

Fig. 2. Forest plot of overall survival.
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Fixed-effects model was selected due to low heterogeneity 
in both meta-analysis of single arm (I2 = 0) and compar-
ison studies (I2 = 45%). The result of single-arm studies 
suggested that the ORR after Lenvatinib treatment was 
30% (Fig. 4a). The result of comparison studies suggested 
that the efficacy of Lenvatinib for advanced HCC was bet-
ter than Sorafenib in terms of ORR, and the difference 
was statistically significant (P < 0.00001, OR = 5.36, 95% 
CI [3.42–8.40], Fig. 4b).

Disease control rate

Four single-arm studies [16,19,20,22] and six [22–27] com-
parison studies reported DCR. There was no heterogeneity 
in both meta-analysis of single arm and comparison studies, 
and fixed-effects model was applied. The results of single-arm 
studies indicated that the DCR of Lenvatinib for advanced 
HCC was 71% (Fig. 5a), and the results of comparison stud-
ies found that Lenvatinib had a statistically significant better 
DCR than Sorafenib for advanced HCC patients (P < 0.0001, 
OR = 2.17, 95% CI [1.64–2.86], Fig. 5b).

Safety evaluation

Overall incidence of adverse reactions

Four single-arm studies [13,14,16,19] reported overall 
adverse reaction rates (Fig. 6), fixed-effects model was 
selected as no heterogeneity was shown in the combined 
results. Meta-analysis showed that overall TAREs risk 

difference was 97% (95% CI [0.94–0.99]) after treating 
by Lenvatinib for advanced HCC patients.

Hypertension

Four single-arm studies [15,16,20,21] and three com-
parison studies [22–24] reported hypertension, Fixed-
effects model was selected as heterogeneity test showed 
mild heterogeneity in both combination, meta-anal-
ysis of single-arm studies showed that the incidence 
of hypertension after Lenvatinib treatment was 16% 
(95% CI [0.12–0.20]) (Fig. 7a). The meta-analysis 
results demonstrated that the incidence of hyperten-
sion during Lenvatinib treatment was higher than that 
of Sorafenib, and the difference was statistically signif-
icant (P < 0.00001, MD = 5.27, 95% CI [2.38–11.66])  
(Fig. 7b).

Hand-foot syndrome

Four single-arm studies [13,15,16,21] and three com-
parison studies [22,24,27] reported hand-foot syn-
drome, moderate heterogeneity was shown in single-arm 
studies and none heterogeneity performed in compari-
son studies after heterogeneity testing, Meta-analysis of 
single-arm studies showed that the incidence of hand-
foot syndrome after Lenvatinib treatment was 7% (95% 
CI [0.03–0.10]) (Fig. 8a). Meta-analysis of comparison 
studies showed that there was no significant difference in 

Fig. 3. Forest plot of median progression-free survival.
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hand-foot syndrome between Lenvatinib and Sorafenib 
treatment (P = 0.11, OR = 0.63, 95% CI [0.36–1.10]) 
(Fig. 8b).

Decreased appetite

Five single-arm studies [13,15,16,20,21] reported 
Decreased appetite (Fig. 9), Fixed-effects model was 
selected due to moderate heterogeneity(I2 = 45%), and 

meta-analysis of single-arm studies showed that the inci-
dence of Decreased appetite after Lenvatinib treatment 
was 20% (95% CI [0.16–0.24]).

Discussion

Over the past few decades, with the expansion of first-line 
treatment options for HCC, Sorafenib, Lenvatinib, and 
Bevacizumab + Atezolizumab have been recommended in 

Fig. 4. Forest plot of overall response rate (ORR).

Fig. 5. Forest plot of disease control rate.
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international treatment guidelines [28,29]. Results from 
clinical trials demonstrated that Lenvatinib was non-infe-
rior to sorafenib in efficacy and safety [6,10]. In addition, 
Andrew Briggs found that the effect of Lenvatinib may 
be underestimated due to imbalance of baseline covariates 
and the excessive use of post-treatment in the sorafenib 
group [11]. However, outside of RCTs, the effectiveness 
and safety of Lenvatinib in patients with advanced liver 
cancer in the real-world setting remain unclear. Meanwhile, 
Sorafenib has been consistently used as a comparator for 
evaluating clinical efficacy in the treatment of advanced 
liver cancer. Therefore, we conducted this systematic 
review and meta-analysis to assess the effectiveness and 
safety of Lenvatinib compared to Sorafenib in the real-
world setting.

Our systemic review found that Lenvatinib demon-
strated superior efficacy than Sorafenib in a real world 
settings, included longer OS, PFS and higher ORR, DCR. 
In contrast to previously published RCTs, we found 
that Lenvatinib, in a real-world setting, demonstrated a 
greater potential for prolonging the survival of patients 
with advanced HCC compared to Sorafenib. The results 
from the meta-analysis indicate that Lenvatinib may 
offer clinical survival benefits for patients with advanced 
liver cancer, although these findings still require further 

validation through large-scale clinical trials. In terms of 
PFS, the results were divided into Child A group and Child 
B group. The median PFS for Lenvatinib in Child A and 
Child B groups were 5.3 months and 3.1 months, respec-
tively, both longer than the PFS time in the Sorafenib treat-
ment group. These results are consistent with previous 
studies, but the PFS time observed in real-world settings is 
shorter than in clinical trials [10]. This indicated the need 
for further research to elucidate the true PFS of Lenvatinib 
in advanced HCC patients.

The ORR and DCR are key factors in assessing the 
anti-tumor efficacy of Lenvatinib. In meta-analysis 
including single-arm studies, the comprehensive ORR 
and DCR of Lenvatinib were 30 and 71%, respectively, 
which is consistent with the results of a real-world 
study conducted in Italy on Lenvatinib [23]. Compared 
to Sorafenib, Lenvatinib demonstrates superior per-
formance in terms of ORR and DCR. This finding is 
consistently supported by meta-analyses conducted by 
Facciorusso [30] and Wenfeng Liu [31], further confirm-
ing the potent effect of Lenvatinib as evidenced by their 
research results. This may be attributed to the mecha-
nism of action of Lenvatinib. Firstly, Lenvatinib targets 
multiple receptors including VEGFR1-3, FGFR1-4, and 
KIT, its broad-spectrum activity provides a high response 

Fig. 6. Forest plot of overall incidence ta of TAREs.

Fig. 7. Forest plot of hypertension.



Copyright © 2023 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

126  European Journal of Gastroenterology & Hepatology January 2024 • Volume 36 • Number 1

rate during the treatment period [32]. Secondly, as a 
VEGF TKI, Lenvatinib exhibits a faster binding and rel-
atively slower dissociation compared to other TKIs [33]. 
In addition, Lenvatinib also exerts regulatory effects on 
the immune microenvironment of liver cancer. Preclinical 
research also found that compared to Sorafenib, 
Lenvatinib exhibited more prominent anti-tumor effects 
in immune-deficient mice [34]. On the other hand, studies 
have found that Lenvatinib can promote the activation 
and infiltration of natural killer cells, thereby enhancing 
the efficacy of immune-based cancer therapies [35].

TAREs were considered to be an important factor 
that was associated in the interruption of drug usage. 
Based on our safety data, the overall incidence of treat-
ment-related adverse events (TAREs) for Lenvatinib in 
real-world settings was 97% (95% CI [0.94–0.99]). 
The main drug-related adverse events were decreased 
appetite (20%), hypertension (16%), and hand-foot 
syndrome (7%). In the comparison between Lenvatinib 
and Sorafenib, Lenvatinib showed a higher propor-
tion of hypertension compared to Sorafenib. However, 
there was no significant difference between Lenvatinib 
and Sorafenib in terms of hand-foot syndrome. Due to 
the limited number of studies available, no meta-anal-
ysis was conducted for decreased appetite. Lenvatinib 

showed higher drug-related TAREs than Sorafenib in 
real-world setting, which indicating that the realistic 
TAREs frequency of Lenvatinib may need to be reconsid-
ered in clinical application and more precision treatment 
strategies were required [6,16]. On the other hand, in our 
data, the incidence of specific TAREs such as decreased 
appetite, hypertension, and hand-foot syndrome was not 
high. This may be attributed to regional and ethnic vari-
ations, and further research is needed to explore the pos-
sible reasons.

Our study has some limitations. First, the majority of 
studies were in real-world setting, which could lead to sig-
nificant heterogeneity. Second, the number of RWS and the 
sample size were limited, which prevented the conduct of 
specific subgroup analyses and sensitivity analyses. Lastly, 
due to not reaching endpoints (such as OS in the study by 
Burgio et al. [23] with Lenvatinib treatment), some data 
were deemed ineligible. However, the primary outcomes 
received robust evidence and relatively low heterogeneity 
support.

Conclusion

Our meta-analysis compared the efficacy and safety of 
Lenvatinib and Sorafenib in a real-world setting. We 

Fig. 8. Forest plot of hand-foot syndrome.

Fig. 9. Forest plot of decreased appetite.
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found that Lenvatinib demonstrated superior OS, PFS, 
and higher ORR and DCR compared to Sorafenib. 
However, the safety results of Lenvatinib in the treatment 
of HCC patients were less satisfactory. Further large-scale, 
high-quality studies are still needed to validate our results, 
with a particular focus on safety issues.
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