
World Journal of
Hepatology

ISSN 1948-5182 (online)

World J Hepatol  2024 January 27; 16(1): 1-111

Published by Baishideng Publishing Group Inc



WJH https://www.wjgnet.com I January 27, 2024 Volume 16 Issue 1

World Journal of 

HepatologyW J H
Contents Monthly Volume 16 Number 1 January 27, 2024

EDITORIAL

Molecular mechanisms underlying SARS-CoV-2 hepatotropism and liver damage1

Quarleri J, Delpino MV

Metabolomics in liver diseases: A novel alternative for liver biopsy?12

Tanaka Y

MINIREVIEWS

Role of fecal microbiota transplant in management of hepatic encephalopathy: Current trends and future 
directions

17

Shah YR, Ali H, Tiwari A, Guevara-Lazo D, Nombera-Aznaran N, Pinnam BSM, Gangwani MK, Gopakumar H, Sohail AH, 
Kanumilli S, Calderon-Martinez E, Krishnamoorthy G, Thakral N, Dahiya DS

Metabolic disease and the liver: A review33

Vargas M, Cardoso Toniasso SC, Riedel PG, Baldin CP, dos Reis FL, Pereira RM, Brum MCB, Joveleviths D, Alvares-da-
Silva MR

ORIGINAL ARTICLE

Retrospective Cohort Study

Direct-acting antivirals failed to reduce the incidence of hepatocellular carcinoma occurrence in hepatitis C 
virus associated cirrhosis: A real-world study

41

Tao XM, Zeng MH, Zhao YF, Han JX, Mi YQ, Xu L

Observational Study

Metabolic puzzle: Exploring liver fibrosis differences in Asian metabolic-associated fatty liver disease 
subtypes

54

Shaikh SS, Qazi-Arisar FA, Nafay S, Zaheer S, Shaikh H, Azam Z

Basic Study

Subcellular distribution of prohibitin 1 in rat liver during liver regeneration and its cellular implication65

Sun QJ, Liu T

Rifaximin on epigenetics and autophagy in animal model of hepatocellular carcinoma secondary to 
metabolic-dysfunction associated steatotic liver disease

75

Michalczuk MT, Longo L, Keingeski MB, Basso BS, Guerreiro GTS, Ferrari JT, Vargas JE, Oliveira CP, Uribe-Cruz C, 
Cerski CTS, Filippi-Chiela E, Álvares-da-Silva MR

META-ANALYSIS

Sorafenib plus transarterial chemoembolization vs sorafenib alone for patients with advanced hepato-
cellular carcinoma: A systematic review and meta-analysis

91

Yang HJ, Ye B, Liao JX, Lei L, Chen K



WJH https://www.wjgnet.com II January 27, 2024 Volume 16 Issue 1

World Journal of Hepatology
Contents

Monthly Volume 16 Number 1 January 27, 2024

CASE REPORT

Pylephlebitis-induced acute liver failure: A case report and review of literature103

Hapshy V, Imburgio S, Sanekommu H, Nightingale B, Taj S, Hossain MA, Patel S

LETTER TO THE EDITOR

Review on article of effects of tenofovir alafenamide and entecavir in chronic hepatitis B virus patients109

Sun YT, Chen QQ



WJH https://www.wjgnet.com III January 27, 2024 Volume 16 Issue 1

World Journal of Hepatology
Contents

Monthly Volume 16 Number 1 January 27, 2024

ABOUT COVER

Editorial Board Member of World Journal of Hepatology, Guang-Hua Luo, PhD, Director, Professor, Clinical Medical 
Research Center, Third Affiliated Hospital of Soochow University, Changzhou 213003, Jiangsu Province, China. 
shineroar@163.com 

AIMS AND SCOPE

The primary aim of World Journal of Hepatology (WJH, World J Hepatol) is to provide scholars and readers from 
various fields of hepatology with a platform to publish high-quality basic and clinical research articles and 
communicate their research findings online. 
    WJH mainly publishes articles reporting research results and findings obtained in the field of hepatology and 
covering a wide range of topics including chronic cholestatic liver diseases, cirrhosis and its complications, clinical 
alcoholic liver disease, drug induced liver disease autoimmune, fatty liver disease, genetic and pediatric liver 
diseases, hepatocellular carcinoma, hepatic stellate cells and fibrosis, liver immunology, liver regeneration, hepatic 
surgery, liver transplantation, biliary tract pathophysiology, non-invasive markers of liver fibrosis, viral hepatitis.

INDEXING/ABSTRACTING

The WJH is now abstracted and indexed in PubMed, PubMed Central, Emerging Sources Citation Index (ESCI), 
Scopus, Reference Citation Analysis, China Science and Technology Journal Database, and Superstar Journals 
Database. The 2023 Edition of Journal Citation Reports® cites the 2022 impact factor (IF) for WJH as 2.4.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yi-Xuan Cai; Production Department Director: Xiang Li; Editorial Office Director: Xiang Li.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Hepatology https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-5182 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

October 31, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Nikolaos Pyrsopoulos, Ke-Qin Hu, Koo Jeong Kang https://www.wjgnet.com/bpg/gerinfo/208

EXECUTIVE ASSOCIATE EDITORS-IN-CHIEF POLICY OF CO-AUTHORS

Shuang-Suo Dang https://www.wjgnet.com/bpg/GerInfo/310

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-5182/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

January 27, 2024 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https://www.f6publishing.com

PUBLISHING PARTNER PUBLISHING PARTNER's OFFICIAL WEBSITE

Department of Infectious Diseases, the Second Affiliated Hospital of Xi’an 
Jiaotong University

http://2yuan.xjtu.edu.cn/Html/Departments/Main/Index_21148.html

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/bpg/GerInfo/310
https://www.wjgnet.com/1948-5182/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
http://2yuan.xjtu.edu.cn/Html/Departments/Main/Index_21148.html
mailto:office@baishideng.com
https://www.wjgnet.com


WJH https://www.wjgnet.com 91 January 27, 2024 Volume 16 Issue 1

World Journal of 

HepatologyW J H
Submit a Manuscript: https://www.f6publishing.com World J Hepatol 2024 January 27; 16(1): 91-102

DOI: 10.4254/wjh.v16.i1.91 ISSN 1948-5182 (online)

META-ANALYSIS

Sorafenib plus transarterial chemoembolization vs sorafenib alone 
for patients with advanced hepatocellular carcinoma: A systematic 
review and meta-analysis

Hong-Jie Yang, Bin Ye, Jia-Xu Liao, Lei Lei, Kai Chen

Specialty type: Gastroenterology 
and hepatology

Provenance and peer review: 
Unsolicited article; Externally peer 
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific 
quality classification
Grade A (Excellent): 0 
Grade B (Very good): B 
Grade C (Good): 0 
Grade D (Fair): 0 
Grade E (Poor): 0

P-Reviewer: Gorrell MD, Australia

Received: October 20, 2023 
Peer-review started: October 20, 
2023 
First decision: November 16, 2023 
Revised: November 21, 2023 
Accepted: December 12, 2023 
Article in press: December 12, 2023 
Published online: January 27, 2024

Hong-Jie Yang, Jia-Xu Liao, Department of Radiology, The Sixth People's Hospital of Chengdu, 
Chengdu 610000, Sichuan Province, China

Bin Ye, Lei Lei, Department of Oncology, The Sixth People's Hospital of Chengdu, Chengdu 
610000, Sichuan Province, China

Kai Chen, Department of Pharmacy, The Affiliated Taizhou People's Hospital of Nanjing 
Medical University, Taizhou 225300, Jiangsu Province, China

Corresponding author: Kai Chen, Pharmacist, Department of Pharmacy, The Affiliated Taizhou 
People's Hospital of Nanjing Medical University, No. 366 Taihu Road, Taizhou 225300, 
Jiangsu Province, China. kaichen@njmu.edu.cn

Abstract
BACKGROUND 
Although the past decade has seen remarkable advances in treatment options for 
hepatocellular carcinoma (HCC), the dismal overall prognosis still envelops HCC 
patients. Several comparative trials have been conducted to study whether tran-
sarterial chemoembolization (TACE) could improve clinical outcomes in patients 
receiving sorafenib for advanced HCC; however, the findings have been 
inconsistent.

AIM 
To study the potential synergies and safety of sorafenib plus TACE vs sorafenib 
alone for treating advanced HCC, by performing a systematic review and meta-
analysis.

METHODS 
This study was conducted following the PRISMA statement. A systematic 
literature search was conducted using the Cochrane Library, Embase, PubMed, 
and Web of Science databases. Data included in the present work were collected 
from patients diagnosed with advanced HCC receiving sorafenib plus TACE or 
sorafenib alone. Data synthesis and meta-analysis were conducted using Review 
Manager software.

RESULTS 
The present study included 2780 patients from five comparative clinical trials (1 
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was randomized control trial and 4 were retrospective studies). It was found that patients receiving sorafenib plus 
TACE had better prognoses in terms of overall survival (OS), with a combined hazard ratio (HR) of 0.65 [95% 
confidence interval (95%CI): 0.46–0.93, P = 0.02, n = 2780]. Consistently, progression free survival (PFS) and time to 
progression (TTP) differed significantly between the sorafenib plus TACE arm and sorafenib arm (PFS: HR = 0.62, 
95%CI: 0.40–0.96, P = 0.03, n = 443; TTP: HR = 0.73, 95%CI: 0.64-0.83, P < 0.00001, n = 2451). Disease control rate 
(DCR) was also significantly increased by combination therapy (risk ratio = 1.36, 95%CI: 1.02-1.81, P = 0.04, n = 
641). Regarding safety, the incidence of any adverse event (AE) was increased due to the addition of TACE; 
however, no significant difference was found in grade ≥ 3 AEs.

CONCLUSION 
The combination of sorafenib with TACE has superior efficacy to sorafenib monotherapy, as evidenced by 
prolonged OS, PFS, and TTP, as well as increased DCR. Additional high-quality trials are essential to further 
validate the clinical benefit of this combination in the treatment of advanced HCC.

Key Words: Hepatocellular carcinoma; Sorafenib; Transarterial chemoembolization; Systematic review; Meta-analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: No consensus is available in the literature about whether addition of transarterial chemoembolization (TACE) 
could improve survival in patients receiving sorafenib for advanced hepatocellular carcinoma. This is the first systematic 
review and meta-analysis comparing sorafenib/TACE combination therapy and sorafenib monotherapy for advanced hepato-
cellular carcinoma. We investigated these two treatments in terms of overall survival, progression free survival, time to 
progression, disease control rate, and adverse events.

Citation: Yang HJ, Ye B, Liao JX, Lei L, Chen K. Sorafenib plus transarterial chemoembolization vs sorafenib alone for patients with 
advanced hepatocellular carcinoma: A systematic review and meta-analysis. World J Hepatol 2024; 16(1): 91-102
URL: https://www.wjgnet.com/1948-5182/full/v16/i1/91.htm
DOI: https://dx.doi.org/10.4254/wjh.v16.i1.91

INTRODUCTION
As a global health problem, liver cancer, including hepatocellular carcinoma (HCC), represents the sixth most frequent 
malignancy and the fourth cause of cancer-related death[1]. In particular, the incidence of HCC is rising, with an annual 
incidence of above 0.6 million patients at present, which is estimated to be > 1 million by 2025 worldwide[2]. There have 
been remarkable advances in treatment options for HCC, and several treatment options have been adopted as standard of 
care according to clinical practice guidelines[3-5]. In principle, potentially curative therapies (i.e., surgical resection, local 
ablation, and liver transplantation) are preferred for early-stage tumours, transarterial chemoembolization (TACE) is 
recommended for intermediate-stage tumours, and systemic drugs (i.e., sorafenib, and atezolizumab plus bevacizumab) 
are the mainstay of treatment for advanced tumors. All these therapies have contributed to a progressive improvement in 
life expectancy of HCC patients[4-7]. However, the dismal overall prognosis still envelops HCC patients primarily 
because of the late diagnosis and frequent relapse[8].

Because quite many HCCs are diagnosed at an advanced stage, namely, Barcelona Clinic Liver Cancer (BCLC) stage C
[9], how to prolong the survival of patients with advanced HCC is more crucial than the treatments for early stage HCC. 
It has not achieved global consensus on the definition of advanced HCC, which is generally indicated in cases with portal 
vein infiltration, extrahepatic metastasis, or progression on curative treatments[10]. Sorafenib, an inhibitor of several 
tyrosine kinases, such as VEGFR-2 (vascular endothelial growth factor receptor-2), PDGFR-β (platelet-derived growth 
factor receptor-β), and Raf serine/threonine kinases, is the first molecular targeting drug approved for the treatment of 
advanced HCC, and yet the standard first-line therapy internationally[11,12]. However, the overall survival (OS) 
outcomes of most patients are still far from satisfactory, and further prolonging survival is challenging.

To augment the clinical benefit of sorafenib, several clinical studies have evaluated the effects of addition of other 
systemic/locoregional therapies to it[13-15], including TACE[16]. TACE is a vascular interventional surgery which can 
concentrate chemotherapeutic drugs at tumour site, thus blocking tumour feeding from the primary artery to delay 
tumor progression. As an effective therapy for unresectable HCC, TACE is recommended by most guidelines for HCC at 
intermediate stage or multifocal HCC[4,10,12]. Although TACE is preferred for HCC patients at BCLC stage B, in many 
countries, it is frequently performed across all disease stages as well, including advanced stage[17]. Treatment with TACE 
leads to VEGF upregulation and thus the increase of tumour angiogenesis, while sorafenib would be expected to 
strengthen the effectiveness of TACE by suppressing angiogenesis by inhibiting VEGF signaling. Several comparative 
trials worldwide have been conducted to study whether TACE could provide clinical benefit in patients receiving 
sorafenib for advanced HCC; however, the findings have been not consistent[18-23]. Hence, the efficacy of the 
combination therapy of sorafenib plus TACE in patients with advanced disease has not been thoroughly understood. This 
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systematic review and meta-analysis aimed to assess the potential synergies and safety of sorafenib plus TACE as 
compared with sorafenib alone in the treatment of advanced HCC.

MATERIALS AND METHODS
Search strategy
This systematic review and meta-analysis was conducted following the PRISMA statement. Four databases (PubMed, the 
Cochrane Library, EMbase, and Web of Science) were used in systematic search to capture relevant studies from 
inception to August 18, 2023. Two independent investigators (Yang HJ and Ye B) conducted this search. We used the 
combinations of the following keywords: Hepatocellular carcinoma/HCC, sorafenib /tyrosine kinase inhibitor/TKI/
multikinase inhibitor/MKI, and transarterial chemoembolization/TACE/chemoembolization.

Selection criteria
The criteria for including eligible studies into this meta-analysis were: (1) Study patients were diagnosed with advanced 
HCC, regardless of the kind of treatment that they have experienced before; (2) at least two intervention arms (TACE plus 
sorafenib vs sorafenib alone) were compared in the study; (3) one of the following outcomes must be included in study: 
OS, progression free survival (PFS), time to progression (TTP), or disease control rate (DCR). Studies published only as an 
abstract or those containing unobtainable/unusable data were excluded. Two independent investigators (Liao JX and Lei 
L) judged the records based on the title/abstract and then full-text. Any disagreement between the two investigators was 
discussed to reach a consensus.

Data extraction
Two investigators (Yang HJ and Ye B) independently extracted the data of baseline characteristics and outcome measures 
from eligible studies using a specially-designed standardized extraction form. Study data included first author, year of 
publication, study design, sample size, age, gender, Eastern Cooperative Oncology Group performance status (ECOG-
PS), BCLC stage, Child-Pugh class, alpha-fetoprotein (AFP), portal vein tumor thrombus (PVTT), follow-up, description 
of interventions, and type of outcome measures. Efficacy outcome measures included OS, PFS, and TTP, described as 
hazard ratio (HR) with 95% confidence interval (95%CI), and DCR, defined as the percentage of patients whose response 
was complete response, partial response, or stable disease. Safety outcomes included any adverse event (AE) reported by 
patients, grade ≥ 3 AEs, and typical AEs. Any controversy between investigators was resolved by discussion.

Quality assessment
The quality of the randomized controlled trials (RCT) was assessed using the Jadad scale, while the retrospective studies 
were assessed using the Newcastle-Ottawa scale.

Statistical analysis
Meta-analysis was conducted using Review Manager 5.4 (Cochrane Collaboration, Oxford, United Kingdom) using a 
random-effects model. Pooled continuous data are described as HR while pooled dichotomous data are described as risk 
ratio (RR), with 95%CI. Heterogeneity was assessed through χ2 test and I2 statistic, with values over 60% indicating 
substantial heterogeneity. Sensitivity analysis was conducted through the leave-one-out approach if needed. Publication 
bias was not assessed since the number of included studies was too small.

RESULTS
Study selection and characteristics
Overall, a total of 4335 unique studies were captured after removing duplicates, and then nine were retained as 
potentially eligible trials for full-text assessment. After deleting four ineligible studies (two ongoing trials, one repeated 
study, and one unobtainable data study), five studies were finally included for meta-analysis[19-23] (Figure 1).

The baseline characteristics of patients from the included studies are summarized in Table 1. The five studies consisted 
of four retrospective studies[19,21-23] and one RCT[20]. A total of 2780 patients with advanced HCC were included, of 
which 751 received sorafenib plus TACE and 2029 received sorafenib alone. The participants were at ages of 50 to 70 
years mostly, with the majority being male. At baseline, all patients had an ECOG-PS of 0 or 1-2, and most patients had 
BCLC stage C, and Child-Pugh class A. Four of five trials reported the characteristics of AFP and PVTT in patients[19-22].

The details on intervention characteristics and outcome measures of the included trials are summarized in Table 2. 
Obvious differences were found in intervention program, namely, the sequence and interval between sorafenib adminis-
tration and TACE operation in the sorafenib plus TACE arm across studies. Sorafenib treatment was started after TACE 
operation in two trials[19,22], while sorafenib administration was initiated prior to TACE in another three[20,21,23]. 
Generally, sorfenib was orally administrated at 400 mg twice daily[20,21]. Among trials reporting the median period of 
sorafenib administration, it ranged from the minimum 0.1 mo to maximum 48.4 mo across studies. Varied combinations 
of outcome measures from OS, PFS, TTP, and DCR, were adopted in different trials, with OS adopted in all trials.
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Table 1 Baseline characteristics of patients with advanced hepatocellular carcinoma receiving sorafenib with or without add-on transcatheter arterial chemoembolization

ECOG-PS BCLC stage Child-Pugh class
Ref. Study design Group Number of 

cases Age1 (yr) Male
0 1-2 A B C A B

AFP PVTT

Sorafenib + 
TACE

54 64 (34-77) 47 (87) 16 (30) 38 (70) 0 (0) 0 (0) 54 (100) 40 (74) 14 (26) < 400 ng/mL; 36 
(66)

≥ 400 ng/mL; 18 
(34)

18 (33)Koch et al[19], 
2021

Retrospective cohort 
study

Sorafenib alone 82 66 (28-85) 72 (88) 37 (45) 45 (55) 0 (0) 0 (0) 82 (100) 61 (74) 21 (26) 52 (64) 30 (36) 27 (33)

Sorafenib + 
TACE

170 60 ± 10 136 (80) 136 (80) 34 (20) 3 (2) 39 (23) 128 (75) 148 (87) 22 (13) < 200 ng/mL; 79 
(47)

≥ 200 ng/mL; 91 
(54)

68 (40)Park et al[20], 
2019

Multi-center RCT phase 
III

Sorafenib alone 169 61 ± 10 147 (87) 140 (83) 29 (17) 0 (0) 44 (26) 125 (74) 147 (87) 22 (13) 76 (45) 93 (55) 63 (37)

Sorafenib + 
TACE

426 60 (51-69) 355 (83) NA 0 (0) 0 (0) 426 (100) 426 (100) 0 (0) NA NAKok et al[23], 2019 Retrospective cohort 
study

Sorafenib alone 1686 60 (52-68) 1410 (84) NA 0 (0) 0 (0) 1686(100) 1686 (100) 0 (0) NA NA

Sorafenib + 
TACE

56 50 ± 12 48 (86) NA 0 (0) 10 (18) 46 (82) 45 (80) 11 (20) < 400 ng/mL; 33 
(59)

≥ 400 ng/mL; 23 
(41)

32 (57)Wu et al[21], 2017 Retrospective study

Sorafenib alone 48 48 ± 13 46 (96) NA 0 (0) 16 (33) 32 (67) 46 (96) 2 (4) 23 (49) 24 (51) 24 (50)

Sorafenib + 
TACE

45 50 ± 9 43 (96) 45 (100) NA 34 (76) 11 (24) < 200 ng/mL; 3 (7) ≥ 200 ng/mL; 42 
(93)

45 (100)Zhang et al[22], 
2015

Retrospective study

Sorafenib alone 44 54 ± 10 41 (93) 44 (100) NA 34 (77) 10 (23) 9 (20) 35 (80) 44 (100)

1Ages are expressed as the median (range) or mean ± SD.
Data are expressed as n (%) for categories. ECOG-PS: Eastern Cooperative Oncology Group performance status; BCLC: Barcelona Clinic Liver Cancer; AFP: Alpha-fetoprotein; PVTT: Portal vein tumor thrombus; TACE: Transcatheter 
arterial chemoembolization; NA: Not available.

Quality assessment
The quality of the data from four retrospective studies[19,21-23] was evaluated using the Newcastle-Ottawa scale. All 
retrospective studies received a score of 8, suggesting that the data were of good quality. The quality of the Park et al[20]'s 
study that was a RCT, was evaluated using the Jadad scale. The data were considered of high quality as it received a score 
of 3. All included studies may have detection bias as the outcome assessors in all trials were not blinded. The details of 
study quality assessment are summarized in Table 3.

Data synthesis and meta-analysis
OS-primary outcome:OS is objective and clinically relevant, serving as the sole robust endpoint in the management of 
HCC, and all included trials reported OS as an endpoint. Thus, OS was chosen as the primary outcome in the present 
study. All five studies[19-23] provided point estimates and 95%CI for HR regarding OS; hence, all were included for the 
meta-analysis. The results suggested that patients treated with sorafenib plus TACE had better outcomes regarding OS 
compared to those treated with sorafenib alone: HRs ranged from 0.34 to 1.17, with a combined HR of 0.65 (95%CI: 
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Table 2 Intervention characteristics and outcome measures of the trials included in this meta-analysis

OS (mo) TTP (mo) PFS (mo)
Ref. Intervention Patients Follow-up 

(mo) Sorafenib dose Sorafenib 
duration (mo) Median HR 

(95%CI) Median HR 
(95%CI) Median HR 

(95%CI)
DCR (%)

TACE was usually initiated before sorafenib 54 NA NA 16.5 7.0 NA 28/53 
(53)

Koch et al
[19], 2021

Sorafenib alone 82 NA

NA

NA 8.4

0.34 (0.23-
0.53)

4.1

NA

NA

NA

17/74 
(23)

Sorafenib initiated within 3 d of randomization, first TACE 
initiated between 7 and 21 d after randomization

170 14 (4-27) 5.5 (0.1-41.6) 12.8 5.3 5.2 103/170 
(61)

Park et al
[20], 2019

Sorafenib initiated within 3 d of randomization 169 19 (2-27)

200-400 mg twice daily, then 
400 mg twice daily

4.3 (0.2-48.4) 10.8

0.91 (0.69-
1.21)

3.5

0.67 (0.53-
0.85)

3.6

0.73 (0.59-
0.91)

80/169 
(47)

Sorafenib prior to TACE 426 7.4 (4.7-11.5) 4.7 (4.2-5.3) 12.5 4.7 NA NAKok et al
[23], 2019

Sorafenib alone 1686 4.4 (2.3-8.4)

NA

2.8 (2.6-3.0) 6.7

0.74 (0.63-
0.88)

2.8

0.76 (0.65-
0.89)

NA

NA

Sorafenib prior to TACE 56 NA NA 22 NA 8 27/48 
(56)1

Wu et al[21], 
2017

Sorafenib alone 48 NA

400 mg twice daily

NA 18

0.50 (0.28-
0.89)

NA

NA

6

0.46 (0.27-
0.78)

23/40 
(58)

Sorafenib started 1-3 d after TACE 45 5.6 (1-18) 7 3 NA 24/43 
(60)

Zhang et al
[22], 2015

Sorafenib alone 44

7.3 (2-18) NA

5.4 
(1-17)

6

1.17 (0.52-
1.81)

3

NA

NA

NA

18/44 
(51)

1DCR was measured at the 6th month.
Data are n (%) for categories, and median for continuous data. OS: Overall survival; PFS: Progression-free survival; TTP: Time to progression; DCR: Disease control rate; TACE: Transarterial chemoembolization; HR: Hazard ratio; 
95%CI: 95% confidence interval; NA: Not available.

0.46–0.93, P = 0.02, n = 2780; Figure 2A). Because of high heterogeneity across studies, a sensitivity analysis was 
conducted. Removal of the study of Koch et al[19] caused the heterogeneity to become non-significant, while the results of 
the pooled OS were almost identical.

PFS-secondary outcome
Only two[20,21] of the five studies reported the point estimate (HR) and 95%CI for PFS. The combined HR showed that 
the PFS significantly differed between patients treated with sorafenib plus TACE and those treated with sorafenib alone 
(combined HR = 0.62, 95%CI: 0.40–0.96, P = 0.03, n = 443; Figure 2B).
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Table 3 Quality assessment of included trials

Newcastle-Ottawa scale
Ref.

Selection Comparability Outcome Score Quality

Koch et al[19], 2021 3 2 3 8 Good

Kok et al[23], 2019 3 2 3 8 Good

Wu et al[21], 2017 3 2 3 8 Good

Zhang et al[22], 2015 3 2 3 8 Good

Jadad scale

Randomization Double blinding Withdrawals and dropouts Score Quality

Park et al[20], 2019

2 1 3 Good

Figure 1 Flowchart of study selection.

TTP-secondary outcome
Three studies were excluded from the meta-analysis without 95%CI for TTP; hence, only two[20,23] studies were used for 
the meta-analysis. The pooled result was positive, with an HR of 0.73 (95%CI: 0.64-0.83, P < 0.00001, n = 2451; Figure 2C), 
indicating better outcome regarding TTP achieved by sorafenib plus TACE as compared with sorafenib alone.

DCR-secondary outcome
Four[19-22] of five studies were included in meta-analysis for DCR after excluding the study of Kok et al[23], which did 
not provide the relevant data. The meta-analysis yielded positive results for pooled DCR, with a combined RR of 1.36 
(95%CI: 1.02-1.81, P = 0.04, n = 641, Figure 2D), revealing that patients receiving sorafenib plus TACE had better 
prognoses in terms of DCR, compared to those treated with sorafenib alone. Sensitivity analysis indicated that removal of 
the study of Koch et al[19] eliminated the heterogeneity, while the results of pooled DCR were almost identical.

AE-secondary outcome
The summary of AEs is shown in Table 4. We classified the outcomes of AEs as any AE, grade ≥ 3 AEs, and typical AEs. 
The meta-analysis for any AE with inclusion of two studies demonstrated that the differences in the incidence of any AE 
was significant (RR = 1.07, 95%CI: 1.01-1.13, P = 0.01, n = 448; Figure 3A). Whereas, the incidence of grade ≥ 3 AEs was 
not statistically significant (RR = 1.09, 95%CI: 0.71-1.67, P = 0.69, n = 321; Figure 3B), as indicated by meta-analysis 
including the studies of Koch et al[19] and Wu et al[21]. The typical AEs across the trials related to sorafenib plus TACE 
treatment were hand-foot skin reactions (HFSR), diarrhea, hypertension, fatigue, alopecia, abdominal pain, and vomiting. 
The pooled results of typical AEs are presented in a forest plot in Figure 4. Among these AEs, only abdominal pain 
showed a significant difference between the sorafenib plus TACE group and sorafenib group (combined RR = 14.95, 
95%CI: 1.13-198.39, P = 0.04, n = 641), while others demonstrated no significant difference (Figure 4).
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Table 4 Summary of adverse events occurring in either group of the trials included in this meta-analysis

AE
Ref. Group Patients

Any Grade ≥ 
3 HFSR Diarrhoea Hypertension Fatigue Alopecia Abdominal 

pain Vomiting

Sorafenib + 
TACE

50 43 
(86)

17 (34) 12 
(24)

13 (26) NA 3 (6) NA 14 (41) 5 (14)Koch et al[19], 
2021

Sorafenib 
alone

78 62 
(80)

25 (32) 13 
(17)

17 (22) NA 6 (8) NA 0 (0) 0 (0)

Sorafenib + 
TACE

153 148 
(97)

NA 74 
(48)

60 (39) 27 (18) 24 (16) 23 (15) 82 (54) 31 (20)Park et al[20], 
2019

Sorafenib 
alone

167 151 
(90)

NA 88 
(53)

54 (32) 23 (14) 24 (14) 25 (15) 29 (17) 11 (7)

Sorafenib + 
TACE

NAKok et al[23], 
2019

Sorafenib 
alone

NA

Sorafenib + 
TACE

56 NA 13 (23) 30 
(54)

25 (45) 13 (23) 12 (21) 4 (7) NA 31 (55)Wu et al[21], 
2017

Sorafenib 
alone

48 NA 14 (29) 36 
(75)

27 (56) 22 (46) 12 (25) 3 (6) NA 27 (56)

Sorafenib + 
TACE

45 NA 12 (27) 29 
(64)

20 (44) 1 (2) 11 (24) 25 (56) 26 (58) 21 (47)Zhang et al
[22], 2015

Sorafenib 
alone

44 NA 6 (14) 26 
(59)

19 (43) 2 (5) 12 (27) 22 (50) 0 (0) 0 (0)

AE: Adverse event; HFSR: Hand-foot skin reaction; TACE: Transarterial chemoembolization; NA: Not available.

DISCUSSION
The present work presents the most comprehensive synthesis of data for currently available comparisons of the efficacy 
and safety of sorafenib plus TACE vs sorafenib alone in treating patients with advanced HCC. We identified data for 
meta-analysis from five studies that enrolled a total of 2780 patients[19-23]. We found that the addition of TACE to 
sorafenib improved OS, PFS, TTP, and DCR, compared to sorafenib alone. Besides, addition of TACE increased the 
incidence of any AE but not grade ≥ 3 AEs.

As a multi-kinase inhibitor, sorafenib was speculated to assist TACE in the management of HCC, as it can suppress 
angiogenesis in tumours by abolishing VEGF upregulation induced by TACE[24]. Therefore, numerous clinical studies 
have compared the efficacy and safety of sorafenib combined with TACE vs TACE alone; however, they yielded 
inconsistent results. Therefore, the potential synergies remain controversial in treating patients with unresectable HCC. 
Likewise, since TACE was also suggested as a treatment option for advanced HCC[25,26], investigators worldwide began 
to study whether TACE could improve the outcomes of patients treated with sorafenib for advanced HCC. Zhang et al[22] 
reported that the addition of TACE to sorafenib did not provide benefit regarding OS and PFS vs sorafenib monotherapy 
(OS: 7.0 mo vs 6.0 mo, P = 5.544; PFS: 3.0 mo vs 3.0 mo, P = 5.924). Whereas, the study of Wu et al[21] showed that TACE + 
sorafenib combination yielded better OS (HR = 0.498, 95%CI: 0.278-0.892, P = 0.019), based on multivariate Cox regression 
analysis. The only multi-center phase III trial[20] comprising 339 patients with advanced HCC reported that the addition 
of TACE to sorafenib did not improve OS (HR = 0.91; 90%CI: 0.69-1.21, P = 0.290), but improved PFS and TTP. On the 
contrary, two studies of Kok et al[23] and Koch et al[19] demonstrated that the combination therapy significantly prolong 
OS compared to sorafenib monotherapy (381 d vs 204 d, HR = 0.74, 95%CI: 0.63-0.88, P = 0.021[23]; 12.8 mo vs 10.8 mo, 
16.5 mo vs 8.4 mo, HR = 0.34, 95%CI: 0.23-0.53, P < 0.001[19]). In agreement with the majority of these studies, our meta-
analysis also revealed a significantly longer OS in patients receiving TACE + sorafenib than in those receiving sorafenib 
monotherapy. Besides, the outcomes of PFS, TTP, and DCR were also significantly improved by the addition of TACE. 
Regarding safety, the incidence of any AE was increased due to the addition of TACE; however, no significant difference 
was found in grade ≥ 3 AEs. Specifically, the most common AEs were HFSR, diarrhoea, and hypertension for sorafenib, 
while abdominal pain for TACE[27]. Our meta-analysis indicated that the addition of TACE did not seem to increase 
toxicity associated with sorafenib. Taken together, the presented data support using sorafenib/TACE combination 
therapy for the treatment of advanced HCC. However, these positive findings still need further confirmation by more 
high-quality multi-centre RCTs with large samples and reliable design.

The findings of our meta-analysis were limited by the small number of included studies (range, 2–5 comparative 
studies). Especially, the majority of included studies were not randomized, assessor-blinded trials. Our work was also 
limited by the obvious heterogeneity across studies used in the meta-analysis for several outcomes, which might originate 
from the differences in clinical characteristics of patients of different studies, such as ECOG-PS, BCLC stage, and Child-
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Figure 2 Meta-analysis of efficacy outcomes in patients with advanced hepatocellular carcinoma receiving sorafenib plus transarterial 
chemoembolization or sorafenib alone. A: Forest plot of overall survival; B: Forest plot of progression free survival; C: Forest of time to progression; D: Forest 
plot of disease control rate. The pooled results were calculated by using a random-effects model. 95%CI: 95% confidence interval; TACE: Transarterial 
chemoembolization.

Figure 3 Meta-analysis of safety outcomes in patients with advanced hepatocellular carcinoma receiving sorafenib plus transarterial 
chemoembolization or sorafenib alone. A: Forest plot of any adverse event (AE); B: Forest plot of grade ≥ 3 AEs. 95%CI: 95% confidence interval; TACE: 
Transarterial chemoembolization.
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Figure 4 Meta-analysis of incidence of typical AEs in patients with advanced hepatocellular carcinoma receiving sorafenib plus 
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transarterial chemoembolization or sorafenib alone. AE: Adverse event; HFSR: Hand-foot skin reaction; 95%CI: 95% confidence interval; TACE: 
Transarterial chemoembolization.

Pugh class. Finally, there were differences across included trials in the definition of tumour response. The phase III study 
defined tumour response using the RECIST 1.1 criteria[20], three studies used mRECIST criteria[19,21,22], and one study 
did not report the criteria used[23].

CONCLUSION
In summary, the combination of sorafenib with TACE has superior efficacy to sorafenib monotherapy, as evidenced by 
the prolonged OS, PFS, and TTP, as well as the increased DCR. The addition of TACE does not cause additional toxicity 
associated with sorafenib. Additional RCTs are required to further investigate the clinical benefit of this combination 
therapy in treatment of advanced HCC.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is a rising global health problem which represents one of the leading causes of cancer-
related mortality. Although remarkable advances in treatments have been achieved for HCC, the overall prognosis is still 
dismal in patients, especially those at advanced stage. Several trials have focused on combining sorafenib with other 
systemic therapies to augment its clinical benefit.

Research motivation
Recently, a number of comparative trials worldwide have been conducted to investigate whether sorafenib/transarterial 
chemoembolization (TACE) combination therapy could improve clinical outcomes in patients with advanced HCC, 
compared with sorafenib monotherapy. However, the obtained findings are conflicting.

Research objectives
To investigate the potential synergies and safety of sorafenib plus TACE vs sorafenib alone for treating advanced HCC.

Research methods
This meta-analysis involved a large sample size to evaluate whether sorafenib plus TACE provides clinical benefit vs 
sorafenib monotherapy in patients with advanced HCC, in terms of overall survival (OS), progression free survival (PFS), 
time to progression (TTP), disease control rate (DCR), and adverse events (AEs).

Research results
It was found that patients treated with sorafenib plus TACE had better prognoses in terms of prolonged OS, PFS, and 
TTP, as well as increased DCR. Besides, the incidence of any AE was increased due to the addition of TACE; however, 
there was no significant effect on grade ≥ 3 AEs.

Research conclusions
The combination of sorafenib with TACE has superior efficacy to sorafenib monotherapy, with an acceptable safety 
profile.

Research perspectives
The addition of TACE to sorafenib is clinically feasible and safe in patients with advanced HCC. The positive findings of 
the present study might be beneficial to the management of advanced HCC. Additional randomized controlled studies 
are still necessary to further validating these clinical benefits.
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