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Abstract

Background

The triple combination of hepatic arterial infusion chemotherapy (HAIC) with fluorouracil,
leucovorin, and oxaliplatin (FOLFOX) plus tyrosine kinase inhibitor (TKI) and immune
checkpoint inhibitors (ICls) is expected to have a synergistic anticancer effect in HCC. We
conducted this meta-analysis to evaluate the efficacy and safety of the triple combination
treatment in advanced HCC patients.

Methods

PubMed, Embase, Cochrane Library, Web of Science databases were systematically
searched for relevant studies from the inception of each database to May 10, 2023. All arti-
cles focusing the triple combination treatment of HAIC-FO plus TKI and ICls for advanced
HCC were eligible. The meta-analysis was conducted following the PRISMA guidelines.
The risk of bias was assessed using the Joanna Briggs Institute (JBI) for case series and
Newcastle-Ottawa Scale (NOS) for cohort studies. The primary outcomes were overall sur-
vival (OS), progression-free survival (PFS), objective response rate (ORR) and disease
control rate (DCR). The secondary results were adverse events. Further meta-analysis of
control studies demonstrated the superiority of the triple combination modality to TKI plus
ICls, and TKI alone.

Results

Nine articles (four cohort studies and five one-arm studies) involving 777 advanced HCC
patients were included in this meta-analysis. In terms of survival analysis, the pooled
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median PFS was 11 months (95% CI: 10.1-12.0 months) with low heterogeneity (I? = 0%, p
=0.97). With regard to tumor response, the pooled ORR and DCR was 61.6% (I°=0%, p=
0.71) and 87.9% (1% = 13%, p = 0.33) with low heterogeneity, respectively. As compared with
TKis plus ICls, and TKis alone, the triple combination thrapy was associated with improved
median OS (HR=0.51, 95%CI 0.41-0.62) with low heterogeneity across studies (I = 0%, p =
0.47), median PFS (HR=0.51, 95%CIl 0.41-0.64) with low heterogeneity across studies (I° =
0%, p=0.41), ORR (RR = 0.56, 95% CI: 0.42—-0.74) with high heterogeneity across studies
(I2=69%, p=0.02), and DCR (RR = 0.38, 95%CI 0.27—0.54) with low heterogeneity across
studies (1% = 14%, p = 0.32). The most common 3/4 AEs were elevated ALT and AST, throm-
bocytopenia, hypertension, nausea and vomiting in this meta-analysis.

Conclusions

The triple combination therapy of HAIC-FO plus TKI and ICls showed promising efficacy
and safety in patients with advanced HCC.

Registration
The protocol was registered with PROSPERO (ID:CRD42023424281).

Introduction

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors and the third
leading cause of cancer-related deaths worldwide [1]. Multi-target tyrosine kinase inhibitor,
such as sorafenib, lenvatinib, donafenib, regorafenib and cabozantinib, have found widespread
clinical applications for HCC. In addition to TKI, ICIs such as programmed cell death 1 (PD-
1)/ programmed cell death ligand 1 (PD-L1) inhibitor, pembrolizumab, atezolizumab, nivolu-
mab, sintilimab, camrelizumab, tislelizumab and durvalumab, have revolutionized malignancy
tumor therapy in recent years. The Barcelona Clinic of Liver Cancer (BCLC) group recom-
mended systemic treatment with multi-target tyrosine kinase inhibitor (TKI) and immune
checkpoint inhibitors (ICIs) as the standard therapies for patients with advanced HCC (BCLC
C) [2]. Recently, Hepatic arterial infusion chemotherapy (HAIC) using fluorouracil, leucov-
orin, and oxaliplatin (FOLFOX) has been carried out as an alternative or integrative method
for advanced HCC patients. HAIC has been identified as cost-effective and non-inferior to
transarterial embolization (TACE) in advanced HCC, especially massive tumor and major vas-
cular invasion [3-5]. HAIC as an alternative therapy is recommended for advanced HCC in
China, Japan, Korea and other Asian countries [6-8]. A meta-analysis reported that sorafenib
plus HAIC improved OS, PES, and ORR compared with sorafenib alone in advanced HCC [9].
In a nationwide, retrospective, cohort, real-world study (CHANCEOQO01) in china, Zhu et al.
[10] demonstrated that TACE plus ICIs and molecular targeted therapies could significantly
improve PES, OS, and ORR versus TACE alone in advanced HCC. Several clinical trials [11-
19] have shown that the triple combination of HAIC-FO plus TKI and ICIs could improve
tumor response and survival in advanced HCC. Nevertheless, all studies were non-randomized
controlled trials with small sample sizes. Therefore we conducted this meta-analysis to evaluate
the efficacy and safety of the triple combination therapy of HAIC-FOLFOX (HAIC-FO) plus
TKI and ICIs, hoping to provide a more effective basis for the triple combination treatment of
advanced HCC.
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Material and method

This meta-analysis study was conducted according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analysis (PRISMA) guideline(S1 File); we have registered at the
International Prospective Register of Systematic Reviews (PROSPERO, review registry ID:
CRD42023424281).

Search strategy

PubMed, Embase, Cochrane Library, Web of Science databases were systematically searched for
relevant studies from the inception of each database to May 10, 2023. The following search terms
were used: “primary liver cancer” or “liver tumor” or “hepatocellular carcinoma” or “HCC”, and
“hepatic arterial infusion chemotherapy”or “HAIC”, and “tyrosine kinase inhibitors” or “I'KI” or
“sorafenib” or “sunitinib” or “linifanib” or “lenvatinib” or “donafenib” or “bevacizumab” or “tar-
geted therapy” or “molecular targeted therapy”, and “nivolumab” or “pembrolizumab” or “atezo-
lizumab” or “camrelizumab” or “durvalumab” or “tislelizumab” or “toripalimab”or “PD-1” or
“PD-L1” or “immunotherapy” or “Immune Checkpoint Inhibitors” or “ICI”.

Inclusion and exclusion criteria

The literature chosen for the conduction of this study should comply with the following inclu-
sion criteria: (1) advanced hepatocellular carcinoma; (2) triple combination of HAIC, TKI,
and ICIs; (3) progression-free survival (PES), overall survival (OS), objective response rate
(ORR), disease control rate (DCR), and adverse events (AEs) were reported or calculated using
related data; (4) studies with original data (case series, cohort, retrospective, case—control stud-
ies, randomized controlled trials); (5)published in English.

The exclusion criteria were as follows: (1) non-clinical studies, such as guidelines, reviews,
meta-analyses, case reports, letters, conference papers, comments, abstracts and animal experi-
ments; (2)studies with data unrelated to the triple combination of HAIC, TKI, and ICIs; (3)
articles lacking relevant outcome measures.

Data extraction

After relevant articles were identified from the above databases, two independent reviewers
(ZB.T, Z.H) reviewed the data separately. Once there was an argument, a third reviewer (J,Z)
was invited to settle the disagreement. The following information will be extracted from the
included studies: (1) primary author’s name, year of publication and country of study; (2)
study design, sample size, age, sex, Child-Pugh class, ECOG-PS, BCLC stage, AFP, tumor size,
extrahepatic metastasis and vascular invasion; (3) treatment strategy; (4) outcomes: OS, PES,
objective response rate (ORR), disease control rate (DCR), and AEs. Tumor responses were
evaluated according to the modified Response Evaluation Criteria in Solid Tumors (mRE-
CIST) [20]. AEs were evaluated using the National Cancer Institute Common Terminology
Criteria for Adverse Events (CTCAE 5.0) [21].

Quality assessment

Analysis and quality evaluation of the literature were conducted independently by two authors.
All articles were evaluated for completeness of outcome data and selective reporting of
research outcomes. Risk of bias for case series was independently assessed using the appropri-
ate Joanna Briggs Institute (JBI) Critical Appraisal Checklists [22]. The quality assessment of
cohort studies was evaluated using the Newcastle-Ottawa Scale (NOS), which contained three
aspects: comparability, selection, and result evaluation [23]. Studies with a NOS score greater
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than or equal to 6 were considered as high-quality(S2 File). Studies with a Joanna Briggs Insti-
tute (JBI) score of 0-14 were considered as low quality and 15-20 as high quality(S4 File).

Statistical analysis

All statistical analyses were performed using R software (version 4.2.3). Survival results, such
as OS and PFS, were pooled as hazard ratio (HR) with 95% confidence interval (CI) using For-
est plots. ORR and DCR were pooled as the risk ratio (RR) with 95% CI which were displayed
in Forest plots. Statistical heterogeneity was evaluated using I* statistics and chi-square test. A
fixed effects model was adapted if the I* value was less than 50%; otherwise, a random-effect
model was used. Sensitivity analyses were conducted by removing each study individually
when heterogeneity was observed. A p-value less than 0.05 meant statistical significance.

Results

Searching results

A total of 176 potentially relevant studies were identified through the systematic literature
search, including 37 in MEDLINE, 19 in Cochrane Library, 68 in Embase and 52 in Web of
Science (Fig 1). 74 duplicates were excluded. After exclusion of ineligible articles and reference
lists of relevant articles by screening of title and abstract, 9 studies met the inclusion criteria
and were included in the final analysis. Summary characteristics of included studies are pre-
sented in Table 1.

Study characteristics and quality assessment

Five one-arm and four retrospective cohort studies published between 2021 and 2023 were
included (777 patients). The triple combination therapy of HACI-FO plus lenvatinib and ICIs
were reported in four retrospective cohort studies comparing the two combination of lenvati-
nib and ICIs in two studies, lenvatinib alone in two studies. The remaining five one-arm stud-
ies analyzed the efficacy and safety of the triple combination therapy. Majority of patients had
a well compensated liver function (Child-Pugh A). The baseline characteristics of the studies
were shown in Table 1.

Tumor response

The ORR across the studies varied from 40% to 96% with a significant heterogeneity (I> = 90%,
p < 0.01) (Fig 2A). The pooled DCR was 87.6% (95%CI: 82.5%-92.8%), with high heterogene-
ity (I* = 73%, p < 0.01) (Fig 2C). Sensitivity analysis by excluding each study in individually
suggested that Mei et al.’s and Zhang et al.’s study were the source of heterogeneity. Unable to
evaluate tumor respone of ten patients in Mei et al.’s study(10/70) and high surgical conversion
rate(14/25) attributed to the heterogeneity of ORR and DCR. After removing the two studies,
the pooled ORR was 61.6% (95%CI: 55%-73%) with low heterogeneity(12=0%,p =0.71) (Fig
2B) and the pooled DCR was 87.9% (95% CI: 85.1%-90.6%) with low heterogeneity (I = 13%,
p =0.33)(Fig 2D).

Progression-free survival

The median OS was not reached in five studies; therefore, we could not perform meta analysis
of OS. The median PFS was not reached in two studies (Liu et al.’s and Zhang et al.’s). Mean-
while, in Mei et al.’s study, the median PFS was not provided. Finally, six of these studies were
included in the final analysis. The pooled mPFS was 9.8 months (95%CI: 9.7-13.3months) with
high heterogeneity (I* = 93%, p < 0.01) (Fig 3A). Sensitivity analysis by excluding each study
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Fig 1. Flowchart of study inclusion.
https://doi.org/10.1371/journal.pone.0290644.9001

in individually suggested that Xu et al.’s study, which had a short follow-up, high proportion of
PVTT (68.1%) and extrahepatic metastasis (68.1%), was the source of heterogeneity. After
removing the study, the pooled mPFS was 11 months (95% CI: 10.1-12.0 months) with low
heterogeneity (I* = 0%, p = 0.97) for patients receiving HAIC-FO plus TKI and ICIs (Fig 3B).

Subgroup analysis of cohort studies
Survival of HAIC-FO plus TKI and ICIs vs. TKI with or without ICIs

Our meta-analysis demonstrated that the triple combination therapy of HAIC-FO plus TKI
and ICIs was superior to TKI with or without ICIs in patients with advaned HCC (HR=0.51,
95%CI 0.41-0.62). The heterogeneity was low (I* = 0%, p = 0.47) (Fig 4A). Regarding PFS, the
results suggest that, compared to TKI with or without ICIs, the triple combination therapy
could prolong mPFS (HR=0.57, 95%CI 0.45-0.73) with moderate heterogeneity (I* = 46%,

p =0.13) (Fig 4B). Sensitivity analysis by excluding each study individually suggested that Mei
et al’s study was the source of heterogeneity. After excluding Mei et al.’s study, the final result
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Table 1. Baseline characteristics of the studies.

Authors | Country | Design | Year | Treatment HAIC-FO Cases | Age(years) | Sex Child- | PS(0/ | BCLC | AFP Tumor size | Extrahepatic MVI | NOS/
(n) (M/ | Pugh 1/2) | (B/C) |(<400/ (cm) metastasis(Y/ (Y/N) JB
F) (A/B) >400mg/L) N) 1

Chen. China RT ### | HAIC -Len- 85mg/m2 oxaliplatin from hour 0to 2 | 84 52 (42-67) | 72/ 71/13 38/ 22/62 | 3984.0 (82.0- | NA 20/64 35/49 9
etal [11] P on day 1; 400 mg/ 12 46 49,534.0)
P-Len m? fluorouracil bolus at hour 3 and
2400 mg/m” fluorouracil over 46 h on
days 1 and 2; and 400 mg/m2
leucovorin from hour 2 to 3 on day 1

86 53 (43-69) | 71/ 75/11 35/ 21/65 | 4022.0 (79.0- | NA 24/62 41/45
15 51 51,462.0)

He. etal. | China RT ### | HAIC-Len-P 85mg/m2 oxaliplatin from hour 0to 2 | 71 40(<50)31 | 59/ NA 14/ NA 26/45 26(<10)/45 | 16/55 16/55 8
[12] on day 1; 400 mg/ (>50) 12 57 (>10)
> .
Len m ﬂ“"m“‘z“ﬂ bolus & hour 3 and 86 42(<50)44 | 77/9 | NA 22/ | NA 31/55 40(<10)/46 | 25/61 24/62
2400 mg/m* fluorouracil over 46 h on (>50) 64 (>10)
days 1 and 2; and 400 mg/m2

leucovorin from hour 2 to 3 on day 1

Mei. China | RT ### | HAIC-Len-P | 85 or 135 mg/m” oxaliplatin, 400 mg/ | 45 49.1+10.6 | 38/7 | 44/1 NA | B5/ 4106.0 112+39 | 15/30 9/38 6
etal. [13] m? leucovorin, and 400 mg/m? C40 (72.8,121000)
fluorouracil on day 1; and 2400 mg/m*

Len .
fluorouracil over 46 h.

25 50.1+12.3 | 18/7 | 22/3 NA | B3/ 767.6 (23.3, 109+4.2 13/12 7/18
C22 21940.5)

Liu. etal. | China RT 2021 | HAIC-TKI-P | Oxaliplatin, 60-75 mg/m2 HAIC for 27 59.2+1.4 26/1 | 22/5 18/ C27 12/15 77.4+0.71 | 8/19 7/20 18
[14] 0-4 h; [Child-Pugh A, 75 mg/m? and 9/0

Child-Pugh B7, 60 mg/m?], 5-

fluorouracil, 1-1.5 g/m* HAIC for

4-24 h [Child-Pugh A, 1.5 g/mz; and

Child-Pugh B, 1 g/m?]) and

leucovorin

([200 mg, 2 h before 5-Fu])
Zhang. China RT 2021 | HAIC-TKI-P | Oxaliplatin 85 mg/m2 2 hours, calcium | 25 62(49~78) | 19/6 | 22/3 NA C25 NA NA NA 25 18
etal. [15] folinate 400 mg/m2 asa 2-3 hours and

fluorouracil 400 mg/m? as a bolus

injection, followed by fluorouracil

1200 mg/m” administered over 23

hours on day 1.
Luo. China RT 2022 | HAIC-TKI-P | HAIC with oxaliplatin, 5-fluorouracil, | 145 61(<50)84 | 121/ | 116/29 138/ | B41/ 63/82 72(<10)/73 | 33/112 70/75 17
etal. [16] and leucovorin and RALOX (>50) 24 7/0 C104 (>10)

(HAIC with raltitrexed plus

oxaliplatin).
Xin. etal. | China RT 2022 | HAIC+A+T | Oxaliplatin at 85 mg/m2 for 2-4 h, 52} 20(<55)32 | 46/6 | NA 49/3 | NA 22/30 22(<10)/30 | 26/26 15/37 18
[17] leucovorin at 400 mg/m2 for (>50) (>10)

2 h, fluorouracil at 400 mg/m2 for 1 h,

and 2400 mg/m” fluorouracil over 46

h.

Xu. etal. | China RT 2022 | HAIC-Len-P | Oxaliplatin 85mg/m” hour 0-2 on Day | 61 39(<60)22 | 53/8 | 53/8 13/ | B9/ 38/23 39(<10)/22 | 44/17 15/46 18
[18] 1, leucovorin 200 mg/m” hour 2-3 (>60) 41/7 | C52 (>10)

Day 1, fluorouracil 400 mg/m? hour 4

on Day1 and 2400 mg/m2 fluorouracil

over 46 h.

Fu.etal. | China RT ### | HAIC-Len-P | Oxaliplatin 130mg/m2 hour 0-2 on 45 49.1 +10.6 | 38/7 | 44/1 NA 5/40 4106.0 (72.8, 11.2+3.9 15/30 9/36 8
[19] Day 1, leucovorin 200 mg/m® hour 121000.0)

- 2
Len-P 2=5 Dy 1 o] 20 g 25 | 5004123 | 18/7 | 22/3 | NA |3/22 | 7676(233, | 109442 | 13/12 7/18
hour 4 on Dayl and 2400 mg/m2 21940.5)

fluorouracil over 46 h.

RT: retrospective study; P: PD1/PDLI; Len: lenvatinib; A +T: a tezolizumab +bevacizumab; PS: Performance Status; Y:yes; N: None. NA: not available.

https://doi.org/10.1371/journal.pone.0290644.t001

of mPFS favored the triple combination therapy (HR=0.51, 95%CI 0.41-0.64) with low hetero-
geneity(I> = 0%, p = 0.41) (Fig 4C).

Efficacy of HAIC-FO plus TKI and ICIs vs. TKI with or without ICIs

Our meta-analysis demonstrated that, compared with TKI with or without ICIs, the triple
combination therapy improved the ORR (RR = 0.56, 95% CI: 0.42-0.74) with high heterogene-
ity (I> = 69%, p = 0.02), and the DCR (RR = 0.38, 95%CI 0.27-0.54) with low heterogeneity
(I’=14%, p = 0.32) (Fig 4D).
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Fig 2. Forest plot about the pooled results of HAIC-FO plus TKI and ICIs for advanced HCC. Outcome: ORR (A,
B) and DCR (C,D) in total. ORR, objective response rate; DCR, disease control rate.

https://doi.org/10.1371/journal.pone.0290644.9002

Adverse events

A total of nine studies reported relevant data on treatment-related toxicity of the triple combi-
nation therapy (S3 File). The most common AEs were ALT/AST elevation, hyperbilirubine-

mia, hypoalbuminemia, nausea, vomiting, fatigue, thrombocytopenia, abdominal pain,

hypertension (Fig 5A). The most common relative risk for grade >=3 treatment-related AEs
were ALT/AST elevation, thrombocytopenia, hypertension, nausea and vomiting (Fig 5B).

Publication bias

According to the Cochrane Handbook, the publication bias was not assessed as a limited num-
ber of studies included in each meta-analysis was less than 10.
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Fig 3. Forest plot about the pooled mPFS in total with HAIC-FO plus TKI and ICIs for advanced HCC(A,B). mPFS, median progression-free survival.

https://doi.org/10.1371/journal.pone.0290644.9g003

Discussion

To our knowledge, this meta-analysis is the first to evaluate the efficacy and safety of the triple
combination of HAIC-FO plus TKI and ICIs for advanced HCC. This meta-analysis reported
the pooled analyses of nine studies (five one-arm and four retrospective cohort studies) with
777 patients who underwent a triple combination of HAIC-FO plus TKI and ICIs for advanced
HCC. In total, the pooled mPFS was 11 months (95% CI: 10.1-12.0 months) with low hetero-
geneity (I = 0%, p = 0.97). The pooled ORR was 61.6% (95%CIL: 55%-73%) with low heteroge-
neity (1’=0%, p =0.71) and the pooled DCR 87.9% (95%CI: 85.1%-90.6%) with low
heterogeneity (I°=13%, p=0.33) after sensitivity analysis. The results of our meta-analysis dem-
onstrate that, compared with TKI with or without ICIs, the triple combination of HAIC-FO
plus TKI and ICIs improved the OS, PES, ORR and DCR. The most common relative risk for
grade >=3 treatment-related AEs were ALT/AST elevation, thrombocytopenia, hypertension,
nausea and vomiting.

Currently, HAIC with chemotherapeutic agents (such as oxaliplatin, 5-fluorouracil, cis-
platin, gemcitabine, floxuridine, epirubicin, individually or in combination) delivered via a
catheter or pump is regarded as one of alternative treatment options for patients with
advanced HCC. In Japan, HAIC is recommended for HCC patients with major portal vascular
invasion and in patients with intrahepatic multinodular lesions who are ineligible for hepatec-
tomy, RFA, TACE [7]. In a phase II trial conduced in China, treatment with HAIC-FO in
patients with advanced HCC showed promising efficacy and tolerable toxicity with a median
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https://doi.org/10.1371/journal.pone.0290644.9004

time to progression (TTP) of 6.1 months and response rate of 28.6% (RECIST v1.1) or 40.8%
(mRECIST) [24]. HAIC-FO is recommended as an alternative therapy for advanced HCC in
China [6]. HAIC attracted more attentions in recent years. HAIC-FO was evaluated as com-

pared with sorafenib in 262 patients with advanced HCC in a randomized, phase III trial
(FOHAIC-1). The median OS was 13.9 months for HAIC-FO and 8.2 for sorafenib

(HR=0.408; 95% CI, 0.301 to 0.552; p <0.001) [25]. Systemic treatment using tyrosine kinase
inhibitor and immunotherapy have demonstrated survival benefit for advanced HCC [26-29].
The triple combination therapy of HAIC-FO plus TKI and IClIs is expected to provide addi-
tional survival benefit.
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In this meta-analysis, the ORR varied from 40% to 96% with a significant heterogeneity. In
the Mei et al.’s study, the low ORR may caused by unevaluatable clinical data on tumor
response. Using the triple combination therapy of HAIC-FO plus TKI and ICIs, the conver-
sion rate was reported to be as high as 56% (14/25) by Zhang et al.’s study, which led to the
high heterogeneity in ORR and DCR. After excluding above study, our meta-analysis showed
significant effects with a pooled ORR of 61.6% (95%CI: 55%-73%). This ORR is similar to that
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reported with the triple combination therapy of TACE plus TKI plus ICIs for advanced HCC
(60.1%) (10). In this meta-analysis, the pooled mPFS was 11 months, which is longer com-
pared to the TACE plus TKI plus ICIs in Zhu et al.’s study (9.5 months) [10]. Our meta-analy-
sis demonstrated that, compared with TKI plus ICI combination therapy or TKI
monotherapy, the triple combination of HAIC-FO plus TKI and ICIs improved the OS and
PFES in patients with advanced HCC. The triple combination therapy of HAIC-FO plus TKI
and ICIs maybe a good choice for advanced HCC.

Several limitations should be considered in our study. Firstly, immunotherapy for HCC is
an emerging treatment in recent years. Few studies using the triple combination therapy of
HAIC-FO plus TKI and ICIs has been carried out for the treatment of advanced HCC. None
RCT trial was used to evaluate the triple combination therapy of HAIC-FO plus TKI and ICIs
for advanced HCC. Secondly, various kinds of TKI and ICIs agents in the different studies
might have influenced the response of HCC. However, all TKI and ICIs applied in these stud-
ies are recommended for HCC either in the west or in Chinese guidelines. Thirdly, all of the
included studies were conducted in China. In China, HBV infection is common in HCC
patients. It remains unclear whether the differences of demographic characteristics and back-
grounds in different countries will influence the effectiveness of the triple combination ther-
apy. Fourthly, there was no consensus on the regimens of HAIC, the scheme in each study was
a little different from each other. The heterogeneity might relate to the dose and duration of
HAIC in different protocols of treatment in this study. However, all these studies have utilized
oxaliplatin in combination with fluorouracil, and leucovorin. Finally, the baseline characteris-
tics of each study included were not identical, which might affect the heterogeneity.

In conclusion, our meta-analysis demonstrates the efficacy and safety of the triple combina-
tion therapy of HAIC-FO plus TKI and ICIs in patients with advanced HCC, and the triple
combination therapy is superior to TKI plus ICI combination therapy or TKI monotherapy.
However, since there are limited clinical data, RCT's with large sample are required to confirm
this conclusion. Excitingly, clinical trials of HAIC combined with targeted drugs and immune
checkpoint inhibitors are ongoing (NCT05313282, NCT05582278, NCT05250843,
ChiCTR2200061735, ChiCTR2100046555, etc.), and more effective results are expected to
guide clinical practice.

Supporting information

S1 Checklist. PRISMA 2020 checklist.
(DOCX)

S1 File.
(XLSX)

S2 File.
(XLSX)

S3 File.
(TIF)

S4 File.
(XLSX)

Author Contributions
Conceptualization: Lan Xu, Zhenhai Di.

PLOS ONE | https://doi.org/10.1371/journal.pone.0290644  October 16, 2023 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0290644.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0290644.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0290644.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0290644.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0290644.s005
https://doi.org/10.1371/journal.pone.0290644

PLOS ONE

Triple Combination Therapy of HAIC-FO with TKI and ICls in Patients with Advanced HCC

Data curation: Zhongbao Tan, Xuequn Mao, Rong Zou, Zhuang Han.

Formal analysis: Zhongbao Tan, Xuequn Mao, Rong Zou, Zhuang Han.
Investigation: Lan Xu, Zhenhai Di.

Methodology: Jian Zhang, Lan Xu, Daguang Wu.

Resources: Huanjing Wang, Qingqing Wang.

Software: Huanjing Wang.

Supervision: Jian Zhang, Zhenhai Di, Daguang Wu.

Validation: Jian Zhang, Lan Xu, Xuequn Mao, Rong Zou, Zhenhai Di, Daguang Wu.
Visualization: Huanjing Wang.

Writing - original draft: Zhongbao Tan.

Writing - review & editing: Zhongbao Tan, Jian Zhang, Lan Xu, Qingqing Wang,
Zhenhai Di, Daguang Wu.

References

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al. Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries.
CA Cancer J Clin. 2021; 71:209-249. https://doi.org/10.3322/caac.21660 PMID: 33538338

2. ReigM, Forner A, Rimola J, Ferrer-Fabrega J, Burrel M, Garcia-Criado A, etal. BCLC strategy for prog-
nosis prediction and treatment recommendation: The 2022 update. J Hepatol. 2022; 76:681-693.
https://doi.org/10.1016/j.jhep.2021.11.018 PMID: 34801630

3. LiQJ, He MK, Chen HW, Fang WQ, Zhou YM, Xu L, et al. Hepatic arterial infusion of oxaliplatin, fluoro-
uracil, and leucovorin versus transarterial chemoembolization for large hepatocellular carcinoma: A ran-
domized phase lll trial. J Clin Oncol 2022; 40: 150—-160. https://doi.org/10.1200/JC0O.21.00608 PMID:
34648352

4. LiuM, ShiJ,MouT,WangY, Wu Z, Shen A. Systematic review of hepatic arterial infusion chemother-
apy versus sorafenib in patients with hepatocellular carcinoma with portal vein tumor thrombosis. J Gas-
troenterol Hepatol. 2020; 35:1277—1287. https://doi.org/10.1111/jgh.15010 PMID: 32052876

5. ZhangH, Zeng X, Peng Y, Tan C, Wan X. Cost-Effectiveness Analysis of Hepatic Arterial Infusion Che-
motherapy of Infusional Fluorouracil, Leucovorin, and Oxaliplatin Versus Transarterial Chemoemboliza-
tion in Patients With Large Unresectable Hepatocellular Carcinoma. Front Pharmacol. 2022 Apr 26;
13:849189. https://doi.org/10.3389/fphar.2022.849189 PMID: 35559260

6. Chinese Society of Clinical Oncology (CSCO). Guidelines for hepatocellular carcinoma (version 2020).
Beijing, China: People’s Medical Publishing House Co Ltd (PMPH), 2020.

7. Kudo M, Kawamura Y, Hasegawa K, Tateishi R, Kariyama K, Shiina S, et al. Management of Hepato-
cellular Carcinoma in Japan: JSH Consensus Statements and Recommendations 2021 Update. Liver
Cancer. 2021; 10:181-223. https://doi.org/10.1159/000514174 PMID: 34239808

8. Korean Liver Cancer Association (KLCA) and National Cancer Center (NCC) Korea. 2022 KLCA-NCC
Korea Practice Guidelines for the Management of Hepatocellular Carcinoma. Korean J Radiol. 2022;
23:1126-1240. https://doi.org/10.3348/kjr.2022.0822 PMID: 36447411

9. LongV, SongX, GuanY, Lan R, Huang Z, Li S, et al. Sorafenib plus hepatic arterial infusion chemother-
apy versus sorafenib alone for advanced hepatocellular carcinoma: A systematic review and meta-anal-
ysis. J Gastroenterol Hepatol. 2023; 38:486—495. https://doi.org/10.1111/jgh.16088 PMID: 36516040

10. ZhuHD, LiHL, Huang MS, Yang WZ, Yin GW, Zhong BY, et al. CHANCEOO1 Investigators. Transarter-
ial chemoembolization with PD-(L)1 inhibitors plus molecular targeted therapies for hepatocellular carci-
noma (CHANCEQO01). Signal Transduct Target Ther. 2023; 8:58. https://doi.org/10.1038/s41392-022-
01235-0 PMID: 36750721

11. Chen S, Xu B, Wu Z, Wang P, Yu W, Liu Z, et al. Pembrolizumab plus lenvatinib with or without hepatic
arterial infusion chemotherapy in selected populations of patients with treatment-naive unresectabley
hepatocellular carcinoma exhibiting PD-L1 staining: a multicenter retrospective study. BMC Cancer.
2021; 21:1126. https://doi.org/10.1186/s12885-021-08858-6 PMID: 34670506

12. He MK, Liang RB, Zhao Y, Xu YJ, Chen HW, Zhou YM, et al. Lenvatinib, toripalimab, plus hepatic arterial
infusion chemotherapy versus lenvatinib alone for advanced hepatocellular carcinoma. Ther Adv Med
Oncol. 2021; 13:17588359211002720. https://doi.org/10.1177/17588359211002720 PMID: 33854567

PLOS ONE | https://doi.org/10.1371/journal.pone.0290644  October 16, 2023 12/13


https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1016/j.jhep.2021.11.018
http://www.ncbi.nlm.nih.gov/pubmed/34801630
https://doi.org/10.1200/JCO.21.00608
http://www.ncbi.nlm.nih.gov/pubmed/34648352
https://doi.org/10.1111/jgh.15010
http://www.ncbi.nlm.nih.gov/pubmed/32052876
https://doi.org/10.3389/fphar.2022.849189
http://www.ncbi.nlm.nih.gov/pubmed/35559260
https://doi.org/10.1159/000514174
http://www.ncbi.nlm.nih.gov/pubmed/34239808
https://doi.org/10.3348/kjr.2022.0822
http://www.ncbi.nlm.nih.gov/pubmed/36447411
https://doi.org/10.1111/jgh.16088
http://www.ncbi.nlm.nih.gov/pubmed/36516040
https://doi.org/10.1038/s41392-022-01235-0
https://doi.org/10.1038/s41392-022-01235-0
http://www.ncbi.nlm.nih.gov/pubmed/36750721
https://doi.org/10.1186/s12885-021-08858-6
http://www.ncbi.nlm.nih.gov/pubmed/34670506
https://doi.org/10.1177/17588359211002720
http://www.ncbi.nlm.nih.gov/pubmed/33854567
https://doi.org/10.1371/journal.pone.0290644

PLOS ONE

Triple Combination Therapy of HAIC-FO with TKI and ICls in Patients with Advanced HCC

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Mei J, Tang YH, Wei W, Shi M, Zheng L, Li SH, et al. Hepatic Arterial Infusion Chemotherapy Combined
With PD-1 Inhibitors Plus Lenvatinib Versus PD-1 Inhibitors Plus Lenvatinib for Advanced Hepatocellu-
lar Carcinoma. Front Oncol (2021) 11:618206. https://doi.org/10.3389/fonc.2021.618206 PMID:
33718175

LiuBJ, Gao S, Zhu X, Guo JH, Kou FX, Liu SX, et al. Real-World Study of Hepatic Artery Infusion Che-
motherapy Combined With Anti-PD-1 Immunotherapy and Tyrosine Kinase Inhibitors for Advanced
Hepatocellular Carcinoma. Immunotherapy-Uk (2021) 13:1395-405. https://doi.org/10.2217/imt-2021-
0192 PMID: 34607482

Zhang J, Zhang X, Mu H, Yu G, Xing W, Wang L, et al. Surgical Conversion for Initially Unresectable
Locally Advanced Hepatocellular Carcinoma Using a Triple Combination of Angiogenesis Inhibitors,
Anti-PD-1 Antibodies, and Hepatic Arterial Infusion Chemotherapy: A Retrospective Study. Front Oncol
(2021) 11:729764. https://doi.org/10.3389/fonc.2021.729764 PMID: 34868921

LuoL, Xiao Y, Zhu G, Huang A, Song S, Wang T, et al. Hepatic arterial infusion chemotherapy com-
bined with PD-1 inhibitors and tyrosine kinase inhibitors for unresectable hepatocellular carcinoma: A
tertiary medical center experience. Front Oncol. 2022; 12:1004652. https://doi.org/10.3389/fonc.2022.
1004652 PMID: 36237309

XinY, Cao F, Yang H, Zhang X, Chen Y, Cao X, et al. Efficacy and safety of atezolizumab plus bevaci-
zumab combined with hepatic arterial infusion chemotherapy for advanced hepatocellular carcinoma.
Front Immunol. 2022; 13:929141. https://doi.org/10.3389/fimmu.2022.929141 PMID: 35990634

XuY, FuS, MaoY, Huang S, Li D, Wu J. Efficacy and safety of hepatic arterial infusion chemotherapy
combined with programmed cell death protein-1 antibody and lenvatinib for advanced hepatocellular
carcinoma. Front Med (Lausanne). 2022; 9:919069. https://doi.org/10.3389/fmed.2022.919069 PMID:
36117969

FuY, Peng W, Zhang W, Yang Z, Hu Z, Pang Y, et al. Induction therapy with hepatic arterial infusion
chemotherapy enhances the efficacy of lenvatinib and pd1 inhibitors in treating hepatocellular carci-
noma patients with portal vein tumor thrombosis. J Gastroenterol. 2023; 58:413—424. https://doi.org/10.
1007/s00535-023-01976-x PMID: 36894804

Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin
Liver Dis. 2010; 30:52—60. https://doi.org/10.1055/s-0030-1247132 PMID: 20175033

National Cancer Institute. Common Terminology Criteria for Adverse Events (CTCAE), Version 5.0.
May 27,2017. Accessed May 1, 2023. https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_5.0/.

Munn Z, Barker TH, Moola S, Tufanaru C, Stern C, McArthur A, et al. Methodological quality of case series
studies: an introduction to the JBI critical appraisal tool. JBI Evidence Synthesis. 2020; 18:2127-2133.
https://jbi.global/critical-appraisal-tools. https://doi.org/10.11124/JBISRIR-D-19-00099 PMID: 33038125

GA Wells, B Shea, D O’Connell, J Peterson, V Welch, M Losos, et al. The Newcastle-Ottawa Scale
(NOS) for assessing the quality of nonrandomised studies in meta-analyses. https://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp

LyuN, Lin'Y, Kong Y, Zhang Z, Liu L, Zheng L, et al. FOXAI: a phase Il trial evaluating the efficacy and
safety of hepatic arterial infusion of oxaliplatin plus fluorouracil/leucovorin for advanced hepatocellular
carcinoma. Gut. 2018; 67:395-396. https://doi.org/10.1136/gutjnl-2017-314138 PMID: 28592441

Lyu N, Wang X, Li JB, Lai JF, Chen QF, Li SL, et al. Arterial Chemotherapy of Oxaliplatin Plus Fluoro-
uracil Versus Sorafenib in Advanced Hepatocellular Carcinoma: A Biomolecular Exploratory, Random-
ized, Phase lll Trial (FOHAIC-1). J Clin Oncol. 2022;10; 40:468-480. https://doi.org/10.1200/JCO.21.
01963 PMID: 34905388

Bruix J, Cheng AL, Meinhardt G, Nakajima K, De Sanctis Y, Llovet J. Prognostic factors and predictors
of sorafenib benefit in patients with hepatocellular carcinoma: Analysis of two phase |1l studies. J Hepa-
tol. 2017; 67:999-1008. https://doi.org/10.1016/j.jhep.2017.06.026 PMID: 28687477

Finn RS, Qin S, Ikeda M, Galle PR, Ducreux M, Kim TY, et al. IMbrave150 Investigators. Atezolizumab
plus Bevacizumab in Unresectable Hepatocellular Carcinoma. N Engl J Med. 2020; 382:1894—1905.
https://doi.org/10.1056/NEJMoa1915745 PMID: 32402160

Ren Z, XuJ, Bai Y, Xu A, Cang S, Du C, et al. ORIENT-32 study group. Sintilimab plus a bevacizumab
biosimilar (IBI305) versus sorafenib in unresectable hepatocellular carcinoma (ORIENT-32): a rando-

mised, open-label, phase 2-3 study. Lancet Oncol. 2021; 22:977-990. https://doi.org/10.1016/S1470-

2045(21)00252-7 PMID: 34143971

Kudo M, Finn RS, Edeline J, Cattan S, Ogasawara S, Palmer DH, et al. KEYNOTE-224 Investigators.
Updated efficacy and safety of KEYNOTE-224: a phase Il study of pembrolizumab in patients with
advanced hepatocellular carcinoma previously treated with sorafenib. Eur J Cancer. 2022; 167:1-12.
https://doi.org/10.1016/j.ejca.2022.02.009 PMID: 35364421

PLOS ONE | https://doi.org/10.1371/journal.pone.0290644  October 16, 2023 13/13


https://doi.org/10.3389/fonc.2021.618206
http://www.ncbi.nlm.nih.gov/pubmed/33718175
https://doi.org/10.2217/imt-2021-0192
https://doi.org/10.2217/imt-2021-0192
http://www.ncbi.nlm.nih.gov/pubmed/34607482
https://doi.org/10.3389/fonc.2021.729764
http://www.ncbi.nlm.nih.gov/pubmed/34868921
https://doi.org/10.3389/fonc.2022.1004652
https://doi.org/10.3389/fonc.2022.1004652
http://www.ncbi.nlm.nih.gov/pubmed/36237309
https://doi.org/10.3389/fimmu.2022.929141
http://www.ncbi.nlm.nih.gov/pubmed/35990634
https://doi.org/10.3389/fmed.2022.919069
http://www.ncbi.nlm.nih.gov/pubmed/36117969
https://doi.org/10.1007/s00535-023-01976-x
https://doi.org/10.1007/s00535-023-01976-x
http://www.ncbi.nlm.nih.gov/pubmed/36894804
https://doi.org/10.1055/s-0030-1247132
http://www.ncbi.nlm.nih.gov/pubmed/20175033
https://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_5.0/
https://jbi.global/critical-appraisal-tools
https://doi.org/10.11124/JBISRIR-D-19-00099
http://www.ncbi.nlm.nih.gov/pubmed/33038125
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1136/gutjnl-2017-314138
http://www.ncbi.nlm.nih.gov/pubmed/28592441
https://doi.org/10.1200/JCO.21.01963
https://doi.org/10.1200/JCO.21.01963
http://www.ncbi.nlm.nih.gov/pubmed/34905388
https://doi.org/10.1016/j.jhep.2017.06.026
http://www.ncbi.nlm.nih.gov/pubmed/28687477
https://doi.org/10.1056/NEJMoa1915745
http://www.ncbi.nlm.nih.gov/pubmed/32402160
https://doi.org/10.1016/S1470-2045(21)00252-7
https://doi.org/10.1016/S1470-2045(21)00252-7
http://www.ncbi.nlm.nih.gov/pubmed/34143971
https://doi.org/10.1016/j.ejca.2022.02.009
http://www.ncbi.nlm.nih.gov/pubmed/35364421
https://doi.org/10.1371/journal.pone.0290644

