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Abstract. At present, hepatic arterial infusion chemotherapy
(HAIC) for the treatment of hepatocellular carcinoma
(HCC) is often applied to patients who are not suitable or
are unwilling to undergo surgical treatment. However, to
the best of our knowledge, the efficacy and safety of HAIC
combined with immune checkpoint inhibitors (ICIs) and
tyrosine kinase inhibitors (TKIs) in HCC have not been fully
demonstrated. Published studies involving the treatment of
patients with HCC with HAIC, ICIs and TKIs were searched
from public databases, including PubMed, Embase, the
Cochrane Library and Sinomed. Efficacy and safety data for
each study, including progression-free survival (PFS), overall
survival (OS) and adverse events (AEs) were collected. The
present study included 17 treatment groups from 15 studies,
including 1,987 patients with HCC in the systematic review.
The target population was dominated by those unsuitable
for surgical treatment, with Barcelona Clinic Liver Cancer
stage B or C, Eastern Cooperative Oncology Group perfor-
mance status <2 and Child-Pugh score A or B. The results
showed that the longest estimated median PFS (95% CI) in the
HAIC + ICI/TKI therapy group (group C) was 9.37 months
(95% CI, 6.81-11.93); in the HAIC therapy group (group B)
was 7.45 months (95% CI, 6.45-8.46); and in the ICIs + other
systemic therapies group (group A) was 5.92 months (95% CI,
5.31-6.54). There was no significant difference in the expected
OS among the three groups, which may be because OS events
were not reached in numerous studies during the follow-up
time. The incidence of treatment-related adverse effects, such
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as increased AST [14/221 (6.33%)], increased ALT [13/221
(5.88%)], and decreased platelet count [13/221 (5.88%)], was
not significantly increased in group C when compared with
groups A or B (P>0.05). In conclusion, the effectiveness of
HAIC + ICI/TKI for the treatment of advanced HCC was
better than that of ICIs + other systemic therapies or HAIC
alone. In addition, the incidence of AEs above grade 3 was not
significantly higher compared with that in the other treatment
groups, and the safety profile was good.

Introduction

Hepatocellular carcinoma (HCC) ranks sixth among the most
common tumors worldwide and is responsible for ~700,000
deaths each year (1). In China, the high incidence and mortality
rate of HCC are associated with the rapid progression of malig-
nant tumors caused by hepatitis B viral infection (2). Liver
resection, liver transplantation and local ablation are common
curative approaches for early-stage patients. However, for
most patients, HCC is already of an intermediate or advanced
stage at the time of initial diagnosis; therefore, surgery is not
an option for treatment (3). The effectiveness of systemic
drug therapies has been limited; therefore, the emergence of
targeted and immunotherapy agents has held promise for the
non-surgical treatment of HCC. Among them, immune check-
point inhibitors (ICIs) and tyrosine kinase inhibitors (TKIs)
have been widely used in the treatment of advanced HCC (4).
Hepatic arterial infusion chemotherapy (HAIC) has been
used as a palliative chemotherapy in the treatment of patients
with intermediate or advanced HCC (5). HAIC enables the
direct delivery of chemotherapeutic drugs through the trans-
plantable port system to the feeding arteries of the liver tumor
at higher local drug concentrations. Notably, the incidence of
adverse drug reactions in response to systemic chemotherapy
is relatively high, including during the use of the FOLFOX
regimen (fluorouracil, leucovorin, and oxaliplatin) in patients
with advanced HCC (6). HAIC has a stronger first-pass
effect than systemic chemotherapy, thus ensuring antitumor
efficacy and minimizing the toxicity associated with systemic
chemotherapy (7). It is necessary to explore and evaluate
novel therapies in the clinical treatment of HCC. At present,
because of the lack of data available from clinical drug trials,
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HAIC for advanced liver cancer is not recommended by
Grade I specialists in the American Association for the Study
of Liver Diseases, European Association for Liver Diseases
or Asian Association for the Study of Liver Diseases (8-10).
However, HAIC has been used in some Asian countries,
particularly in China, Japan and South Korea, as a method to
improve the prognosis of patients with advanced HCC, and it
has been included in the relevant treatment guidelines (11). A
number of studies have reported that HAIC therapy serves an
increasingly important role in the treatment of liver cancer by
improving its antitumor targeting ability, reducing the impact
on the surrounding normal tissues and reducing the incidence
of serious adverse events (AEs) (7,12).

Previous studies have evaluated the therapeutic effect of
HAIC in palliative and adjuvant chemotherapy in patients
with HCC (7,12). However, the results of analyses on the effi-
cacy and safety of HAIC vary significantly among different
studies (12,13). Moreover, clinical trials of ICI/TKI treatment
for advanced HCC have yielded a series of significant results
with moderate treatment-related AEs (14-19). Therefore,
the primary objective of the present systematic review and
meta-analysis was to evaluate the prognostic outcome and
safety analysis of combining HAIC with ICIs/TKIs in patients
with HCC.

Materials and methods

Search strategy and literature selection. Using PubMed
(https://pubmed.ncbi.nlm.nih.gov/), the Cochrane Library
(https://www.cochranelibrary.com/), Embase (https://www.
embase.com/), and Sinomed (http:/www.sinomed.ac.cn/),
clinical literature on the treatment of HCC published before
March 2023 was searched. The key words searched included
‘hepatocellular carcinoma’, ‘HCC’, ‘HAIC’, ‘hepatic arterial
infusion chemotherapy’, ‘ICI’, ‘PD-1°, ‘PD-L1’, ‘efficacy’ and
‘safety’, and the corresponding Chinese key words were also
searched. Furthermore, the search was supplemented by manu-
ally reviewing the reference lists of the retrieved articles. Two
authors independently conducted the screening of the research
literature; in the case of a disagreement, this was discussed
with a third author and resolved.

Inclusion and exclusion criteria. The inclusion criteria were
as follows: i) Study subjects were patients with unresectable
HCC; ii) officially released clinical data, including registered
clinical trial data and investigator-initiated clinical study data;
iii) first-line treatment strategies for advanced liver cancer;
iv) treatment options included ICI combination therapy
(PD-1/PD-L1I inhibitors), HAIC therapy and HAIC combined
with ICI/TKI therapy; v) the study literature had complete
efficacy or safety data. The exclusion criteria were as follows:
1) Study literature of non-HCC, including cholangiocarcinoma
and mixed liver cancer; ii) non-clinical study literature, such
as basic research and case reports; iii) studies of second-line
or multiline therapy; iv) the treatment strategy did not meet the
requirements of this study; v) efficacy or safety data were not
available. The literature screening process is shown in Fig. 1.
All treatments were divided into three groups: ICIs + other
systemic therapies (group A), HAIC therapy alone (group B),
and HAIC + ICI/TKI therapy (group C).

Literature quality evaluation and data extraction. The
risk of bias was assessed using the Cochrane Collaboration
(version 5.1.0; The Cochrane Institute) (20). Two authors
assessed each study for bias and scored it as follows: Low
risk of bias, high risk of bias, or ambiguity. Ambiguity was
defined as the lack of information on ascertainment bias or
uncertainty about bias. Through detailed screening of the
included literature, author information, year of publication,
study population, study design information, treatment groups,
sample size, progression-free survival (PFS), overall survival
(OS) and adverse event (AE) information were extracted. This
information was collected, checked by the second author and
then analyzed. Ultimately, the literature included in the present
study met the criteria for meta-analysis.

Statistical analysis. SPSS 20.0 statistical software (IBM
Corp.) was used to organize and analyze the data. Count data
are presented as frequency and percentage, and comparisons
for occurrence of AEs between groups were performed using
the %? test. A routine meta-analysis was performed using
STATA 14.0 software (StataCorp LLC). The expected median
PFS (mPFS) and OS (mOS) with 95% Cls were calculated
using a random effects model, and were used as the primary
study endpoints to assess the treatment effect of the trial group
(group C) vs. the control group (group A and B). P<0.05 was
considered to indicate a statistically significant difference.

Results

General information. In the present systematic review, a
total of 17 treatment groups from 15 studies were assessed,
including 1,987 patients with HCC; specific information
is shown in Table I (14-19,21-29). The study was divided
into three treatment groups: The ICIs + other systemic
therapies group, the HAIC therapy alone group and the
HAIC + ICI/TKI therapy group. The year of publication for
all studies was between 2020 and 2022. With the exception
of one study that included global population data (atezoli-
zumab + bevacizumab), the remaining study populations were
Chinese. Of the 17 treatment groups within 15 studies, five
groups underwent randomized controlled clinical trials, five
groups underwent cohort studies, and the remaining seven
groups underwent single-arm studies. Of these, there were
1,068 subjects in group A, 472 subjects in group B and 447
subjects in group C. The target population in all groups in the
present study was largely dominated by patients unsuitable for
surgical treatment, with Barcelona Clinic Liver Cancer stage
B or C, Eastern Cooperative Oncology Group performance
status <2 or Child-Pugh score A or B, as shown in Table I. The
inclusion criteria remained consistent for the target population
in the three groups; therefore, the efficacy and safety of the
treatments could be compared between the three groups in the
present study.

Effectiveness endpoint: PFS. The present study performed a
meta-analysis on one of the efficacy endpoints of the included
studies, median PFS (mPFS). The results showed that the esti-
mated mPFS (95% CI) in group C was 9.37 months (6.81-11.93);
in group B was 7.45 months (6.45-8.46); and in group A was
5.92 months (5.31-6.54) (Fig. 2). Specifically, the efficacy of
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Table I. Basic information of each study on the first-line treatment of advanced HCC.

A, Group A
First author, Study Study Sample
year population design Treatment group size Target patients (Refs.)
Finn, 2020 Global RCT Atezolizumab/ 336 1. Inoperable-resected advanced (14)
bevacizumab HCC; 2. Child-Pugh score A, B or
C; 3. ECOG score 0-1
Ren, 2021 Chinese RCT Sintilimab/ 380 1. Inoperable-resected advanced (15)
bevacizumab HCGC; 2. Child-Pugh score <7;
3. ECOG score 0-1
Liu, 2021 Chinese  Cohort study Camrelizumab/ 35 1. Child-Pugh score A or B; 2. ECOG (16)
sorafenib score 0-1
Mei, 2021 Chinese  Cohort study Lenvatinib/ 25 1. BCLC stage B or C; 2. Child-Pugh a7
PD-1 inhibitors score A or B
Qin, 2022 Chinese RCT Camrelizumab/ 272 1. BCLC stage B or C; 2. Child-Pugh (18)
apatinib score A; 3. ECOG score 0-1
Chen, 2022 Chinese  Single-arm Sintilimab/ 20 1. BCLC stage B or C; 2. Child-Pugh (19)
anlotinib score <7; 3. ECOG score 0-1
B, Group B
First author, Study Study Sample
year population design Treatment group size Target patients (Refs.)
Mei, 2021 Chinese  Cohort study HAIC: Oxaliplatin/ 148 1. BCLC stage B or C; 2. Child-Pugh 21
leucovorin/fluorouracil score A
Wu, 2022 Chinese  Single-arm HAIC: Oxaliplatin/ 35 1. Patients with HCC for trans arterial (22)
raltitrexed chemoembolization failed; 2. Child-
Pugh score <6; 3. ECOG PS <1
Lyu, 2021 Chinese RCT HAIC: Oxaliplatin/ 130 1. Patients with advanced HCC; (23)
leucovorin/fluorouracil 2. Child-Pugh score <7; 3. ECOG PS
<2
Li, 2021 Chinese RCT HAIC: Oxaliplatin/ 159 1. Unresectable late stage HCC; 24)
leucovorin/fluorouracil 2. BCLC stage A-B; 3. Maximum
lesion =7 cm (Response Evaluation
Criteria in Solid Tumours 1.1); 4.
Child-Pugh score A; 5. ECOG score
0-1
C, Group C
First author, Study Study Sample
year population design Treatment group size Target patients (Refs.)
Mei, 2021 Chinese  Cohort study HAIC + PD-1 inhibitors 81 1. BCLC stage B or C; 2. Child-Pugh 21
score A
Xin, 2022 Chinese  Single-arm HAIC + atezolizumab/ 52 1. First-treated and untreated advanced (25)
bevacizumab HCC; 2. BCLC stage C; 3. Child-Pugh
score A
Xu, 2022 Chinese  Single-arm HAIC + PD- 61 1. Not suitable for surgical treatment; (26)
1/lenvatinib 2. BCLC stage B or C; 3. ECOG PS
<2; 4. Child-Pugh score A or B
Luo, 2022 Chinese  Single-arm HAIC + PD-1/TKIs 145 1. Patients with unresectable advanced 27

HCC
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Table I. Continued.

C, Group C

First author, Study Study Sample

year population design Treatment group size Target patients (Refs.)

Mei, 2021 Chinese  Cohort study HAIC + PD- 45 1. Not suitable for surgical treatment; a7n
1/lenvatinib 2. BCLC stage B or C; 3. Child-Pugh

score A or B

Lai, 2022 Chinese  Single-arm HAIC + toripalimab/ 36 1. Patients with unresectable advanced (28)
lenvatinib HCC

Liu, 2021 Chinese  Single-arm HAIC + PD-1/TKIs 27 1. BCLC stage C (presence of vascular 29)

invasion); 2. Child-Pugh score A or B

BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; HAIC, hepatic artery infusion chemotherapy; HCC,
hepatocellular carcinoma; PS, performance status; RCT, randomized controlled trial; TKI, tyrosine kinase inhibitor.

Relevant studies on HCC were
searched

s Excluded
Not relevant as judged by
abstract n=421
» | Non-HCC clinical treatment
n=312
Same study data
Data on the efficacy and safety of n=31
HCC treatment were published No efficacy or safety data
n=136 n=63
Excluded
Study on multi-line therapy for
HCC n=54
Treatment strategies not of
Data on HAIC treatment and ICI concern in this study  n=67
combination therapy for HCC

were available n=15%
[ [ ]
Group A Group B Group C
ICI combination HAIC HAIC+ICI/TKI
therapy n=6 n=4 n=7

Figure 1. Flow chart of literature screening. “Two articles with different treat-
ment groups were included in the analysis. HAIC, hepatic arterial infusion
chemotherapy; HCC, hepatocellular carcinoma; ICI, immune checkpoint
inhibitor; TKI, tyrosine kinase inhibitor.

sintilimab combined with anlotinib was best in group A with
a mPFS of 12.2 months. However, sintilimab combined with
anlotinib for HCC was designed as a single-arm study with no
data from the control group (19). In group B, HAIC therapy
mainly consisted of oxaliplatin/leucovorin/fluorouracil, with
the longest mPFS of 9.6 months. In group C, HAIC + ICI/TKI
treatment the longest median PFS was 10.6 months (Fig. 2).
These results indicated that for the PFS of patients with
advanced HCC, HAIC + ICI/TKI had the best efficacy,
followed by HAIC alone, while ICIs + other systemic therapies
was poor.

Effectiveness endpoint: OS. A meta-analysis of OS as a
primary endpoint for the included studies was also performed.
In group A, the expected median OS (mOS) (95% CI) was
19.72 months (17.33-22.11); camrelizumab and apatinib
had the best efficacy, with a mOS of 23.1 months (Fig. 3).

However, in group A, the mOS was not achieved in response
to sintilimab/bevacizumab and sintilimab/anlotinib therapies,
and the median follow-up time were 14.0 and 16.3 months,
respectively. In group B, the expected mOS (95% CI) was
16.93 months (14.92-18.94) and the longest median OS
was 23.1 months. Furthermore, in group C, mOS was not
reached in three studies, with median follow-up times of
15.6, 12.5 and 12.9 months, respectively. One study of
HAIC + PD-1/lenvatinib did not provide OS outcome data.
The results of the remaining study showed an expected
median OS (95% CI) in group C of 17.39 months (16.03-18.76)
(Fig. 3). In group C, the expected mOS was longer than that
in group B, but shorter than that in group A, and the possible
reason is that the OS events in a number of studies were not
reached during the follow-up time.

Safety data: Occurrence of AEs above level 3. The occur-
rence of treatment-related AEs was collected from the
included studies, and AEs were summarized according to the
groups A, B and C, as shown in Table II. Statistical analysis
of AEs above grade 3 with an incidence of >5% in group C
were statistically analyzed. Among them, the occurrence of
AEs was different between group C and group A/B (control
group). In group C, the incidence of hypertension [11/176
(6.25%)] was significantly different from that in group A
[207/1,036 (19.98%)] (P<0.001) or in group B [0/128 (0%)]
(P=0.004). Most of the remaining AEs above grade 3 in
group C were not significantly different compared with that
in the other two groups. For example, increased AST [14/221
(6.33%)], increased alanine transaminase (ALT) [13/221
(5.88%)], and decreased platelet count [13/221 (5.88%)] in
this group were not significantly higher than those in groups
A (P>0.05). Moreover, group C was not statistically different
compared with group B (P>0.05)f regarding increased
ALT and decreased platelet count, whereas group C had a
significantly lower incidence of increased AST than group B
(6.33% vs. 13.13%; P=0.003). Therefore, the types of AEs in
the HAIC + ICI/TKI group were not significantly different
from those in the other groups, indicating that this treatment
has a good safety profile.
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Author Treatment group PFS (95% CI) Sample size ES (95% Cl)
Group A
1 Finn Atezolizumab/bevacizumab 6.9 (5.7-8.6) 336 ]
2 Ren Sintilimab/bevacizumab 4.6 (4.1-5.7) 380 o
3 Liu Camrelizumab/sorafenib 10.2 (4.5-19) 35 -
4 Mei Lenvatinib/PD-1 inhibitors 5.4 (NA-NA) 25 -
5 Qin Camrelizumab/apatinib 5.6 (5.5-6.3) 272 >
6 Chen Sintilimab/anlotinib 12.2 (3.8-NR) 20 * >
Subtotal O 5.92 (5.31, 6.54)
Group B
7 Mei HAIC 5.6 (NA-NA) 148 &
8 Wu HAIC 3.5(2.3-4.7) 35 -
9 Lyu HAIC 8.0 (6.0-9.6 130 —
10 Li HAIC 9.6 (7.4-11.9) 159 —_—
Subtotal < 7.45 (6.45, 8.46)
Group C
11 Mei HAIC+PD-1 inhibitors 10.0 (NA-NA) 81 e
12 Xin HAIC+atezolizumab/bevacizumab  10.6 (8.37-13.8) 52 >
13 Xu HAIC+PD-1/lenvatinib 6.0 (5.37-6.7) 61 o
14 Luo HAIC+PD-1/TKls 9.7 (1.0-16.0) 145 —_
15 Mei HAIC+PD-1/lenvatinib 8.8 (NA-NA) 45 .
16 Lai HAIC+toripalimab/lenvatinib 10.4 (5.8-15.0) 36 _—
17 Liu HAIC+PD-1/TKls 10.6 (NA-NA) 27 *
Subtotal = 9.37 (6.81, 11.93)
T T
0 10 20

Figure 2. Forest plot of PFS as the primary study endpoint. HAIC, hepatic arterial infusion chemotherapy; PFS, progression-free survival; TKI, tyrosine kinase
inhibitor; ES, effect size; NA, not available; NR, not reached.

Author Treatment group OS (95% Cl) Sample size ES (95% Cl)
Group A
1 Finn Atezolizumab/bevacizumab 19.2 (17-23.7) 336  m
2 Ren Sintilimab/bevacizumab NR (NR-NR) 380 _—
3 Liu Camrelizumab/sorafenib 141 (6.8-21.4) 35 —_—
4 Mei Lenvatinib/PD-1 inhibitors 8.6 (NA-NA) 25 -
5 Qin Camrelizumab/apatinib 22.1(19.1-27.2) 272 E
6 Chen Sintilimab/anlotinib NR (16.3-NR) 20 _—
Subtotal <> 19.72(17.33,22.11)
Group B
7 Mei HAIC 14.6 (NA-NA) 148 —_—
8 Wu HAIC 10.0 (5.5-14.6) 35 —_—
9 Lyu HAIC 13.9 (10.6-17.2) 130 =
10 Li HAIC 23.1(18.5-27.7) 159 —
Subtotal < 16.93 (14.92, 18.94)
Group C
11 Mei HAIC+PD-1 inhibitors 18.0 (NA-NA) 81 .
12 Xin HAIC+atezolizumab/bevacizumab NR (NR-NR) 52 —_—_—
13 Xu HAIC+PD-1/lenvatinib NA (NA-NA) 61 —_
14 Luo HAIC+PD-1/TKls NR (NR-NR) 145 _—
15 Mei HAIC+PD-1/lenvatinib 15.9 (NA-NA) 45 -
16 Lai HAIC+toripalimab/lenvatinib 17.9 (14.5-21.3) 36 —_—
Sfu7btotal Liu HAIC+PD-1/TKls NR (NR-NR) 27 _—
O 17.39 (16.03, 18.76)
T T

0 15 30

Figure 3. Forest plot of OS as the primary study endpoint. HAIC, hepatic arterial infusion chemotherapy; OS, overall survival; TKI, tyrosine kinase inhibitor;
ES, effect size; NA, not available; NR, not reached.
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P value, group P value, group

AE Group A Group B Group C* Cvs. A Cvs.B
Hypertension 207/1,036 (19.98%) 0/128 (0%) 11/176 (6.25%) <0.001 0.004
Proteinuria 47/1,001 (4.70%) 0/128 (0%) 5/115 (4.35%) - -
Decreased WBC count 11/732 (1.50%) 15/285 (5.26%) 2/97 (2.06%) - -
Fatigue 12/769 (1.56%) 0/320 (0%) 3/221 (1.36%) - -
Hand-foot syndrome 36/1,061 (3.39%) 0/128 (0%) 3/169 (1.78%) - -
Increased blood bilirubin 57/1,061 (5.37%) 8/320 (2.50%) 4/221 (1.81%) - -
Pyrexia 6/769 (0.78%) 0/285 (0%) 1/185 (0.54%) - -
Increased AST 77/1,026 (7.50%)  42/320 (13.13%) 14/221 (6.33%) 0.544 0.003
Increased ALT 53/1,026 (5.17%) 19/320 (5.94%)  13/221 (5.88%) 0.666 0.979
Decreased neutrophil count 24/697 (3.44%) 14/285 (4.91%) 8/221 (3.62%) - -
Decreased platelet count 77/1,061 (7.26%) 20/320 (6.25%)  13/221 (5.88%) 0.467 0.861
Nausea/vomiting 4/769 (5.20%) 14/320 (4.38%)  6/221 (2.71%) - -

Decreased appetite

6/734 (0.82%)

1/163 (0.61%)
2/285 (0.70%)
3/285 (1.05%)

1/97 (1.03%)
8/221 (3.62%)
2/221 (0.90%)

Abdominal pain 8/744 (1.08%)
Diarrhea 16/661 (2.42%)
Rash 2/769 (0.26%)
Cutaneous vascular hyperplasia 71272 (2.57%)

0/128 (0%)

2/133 (1.50%) - -
- 1/88 (1.14%) - .

AE, adverse events; ALT, alanine transaminase; AST, aspartate aminotransferase; WBC, white blood cell. *Differences AEs with an incidence
of >5% between group C and group A/B (control group) were assessed using the ¥ test.

Hypertension

Increased AST

Decreased platelet count
Increased blood bilirubin
Nausea/Vomiting

Increased ALT

Proteinuria

Decreased neutrophil count
Hand-foot syndrome
Cutaneous vascular hyperplasias
Diarrhea

Fatigue

Decreased WBC count
Abdominal pain

Increased AST

Decreased platelet count
Increased ALT

Decreased WBC count
Decreased neutrophil count
Nausea/vomiting

Increased blood bilirubin
Diarrhea

Abdominal pain

Decreased appetite
Hypertension

Proteinuria Rash

Hand-foot syndrome
Cutaneous vascular hyperplasias { NA

Increased AST
Hypertension

Decreased platelet count
Increased ALT
Proteinuria

Decreased neutrophil count
Abdominal pain
Nausea/vomiting
Decreased WBC count
Increased blood bilirubin
Hand-foot syndrome

Fatigue
Cutaneous vascular hyperplasias

Decreased appetite Fatigue Decreased appetite
Pyrexia Pyrexia Diarrhea
Rash Rash Pyrexia
N S R E—
0 5% 10% 15% 20% 0 5% 10% 15% 20% 0 5% 10% 15% 20%

Figure 4. Occurrence of grade 3 or above adverse events among the different groups. (A) Group A, ICI combination therapy group; (B) group B, HAIC therapy
group; (C) group C, HAIC + ICI/tyrosine kinase inhibitor therapy group. ALT, alanine transaminase; AST, aspartate aminotransferase; HAIC, hepatic arterial
infusion chemotherapy; ICI, immune checkpoint inhibitor; WBC, white blood cell.

Ranking of treatment-related AEs among the groups. The
present study ranked the occurrence of AEs above level 3 by
groups, as shown in Fig. 4. The results showed that in group A,
the top treatment-related AEs were: Hypertension, increased
AST, decreased platelet count, increased blood bilirubin and
nausea/vomiting. In group B, the occurrence of AEs above
grade 3 were different from those in group A; the top AEs in this
group were: Increased AST, decreased platelet count, increased
ALT, decreased white blood cell count and decreased neutrophil
count. In group C, the overall incidence of AEs above grade 3
was low, and the ranking was as follows: Increased AST, hyper-
tension, decreased platelet count, increased ALT and proteinuria.

Discussion

Due to the lack of clinical randomized controlled trials
directly comparing different treatments of HCC, the present
meta-analysis used data from three treatment groups, gener-
ated from 17 published treatment groups, to indirectly evaluate
the efficacy and safety of ICI + other systemic therapy, HAIC
alone and HAIC + ICI/TKI therapy.

HAIC was first proposed in Japan, and has been used in
Japan, South Korea and other Asian countries for >30 years.
Notably, it is recommended by the Japanese Society for
Liver Disease consensus clinical practice guidelines as the
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standard treatment for liver cancer with portal venous tumor
thrombosis (30). Currently, there is no universal standard for
HAIC therapy, either with a single drug or with a combination
of different drugs. The most widely used regimens include
cisplatin monotherapy, the FAIT regimen (interferon and fluo-
rouracil) and the FOLFOX regimen (31-33).

The present results showed that group C had the longest
estimated mPFS (95% CI) at 9.37 months (6.81-11.93); much
higher than that in groups A and B. However, there was no
significant difference in the expected mOS among the three
groups, which may be because the OS events in a number
of studies were not reached during the follow-up time. For
example, in group C, the median follow-up time of three
studies was 15.6, 12.5 and 12.9 months, respectively, but the
mOS was not reached. It is clear that the final mOS of these
studies may be markedly higher than the follow-up dura-
tion, thus directly affecting the overall OS outcome in this
group. OS is usually recommended as the primary endpoint
of phase 2/3 clinical trials for the treatment of advanced liver
cancer. However, OS also has limitations, such as the need for
long-term follow-up to obtain the number of events. Surrogate
endpoints are often used by the Food and Drug Administration
and National Medical Products Administration for the approval
of drug marketing applications under an accelerated plan. In
the clinical study design of advanced liver cancer, surrogate
endpoints are widely used, such as PFS (34). In a number of
studies regarding the clinical treatment of tumors, there is a
significant association between PFS and OS (35,36).

In order to analyze the occurrence of AEs above grade 3
in group C, the occurrence of AEs in groups A and B were
compared in the present study. The results showed that the inci-
dence of AEs above grade 3 in group C was not significantly
different compared with those in the other two groups, showing
a good safety profile. In other studies, the effectiveness and
high safety profile of HAIC combined with ICI/TKI therapy
has been verified in the treatment of advanced HCC (21,27).

The present study has several limitations. First, only 17
treatment groups from 15 studies met the inclusion criteria
for the meta-analysis, and potential bias in these studies may
have influenced the study findings. As the pathogenesis and
prevalence of HCC vary widely across regions and popula-
tions, the population in the present study was mostly Chinese.
In addition, the target population of the present study included
patients with intermediate/advanced HCC with no surgical
options and systemic medication strategies preferred for
first-line therapy. Notably, these facts may limit the generaliz-
ability of the present findings. Second, some of the included
study designs were observational, which led to some selec-
tion bias. In addition, the present meta-analysis lacks a direct
‘head-to-head’ design of the three treatment options, thus the
relative differences between the groups could only be obtained
by indirect comparisons. Moreover, among the OS results in
the present study, several treatment groups had short follow-up
times and did not reach mOS within these times. These factors
all had a direct effect on the final result.

In conclusion, the present study demonstrated that, in
patients with advanced HCC, treatment with HAIC + ICI/TKI
therapy significantly improved the PFS compared with the other
treatment options. Although mOS was not reached because
of the follow-up times of the available studies, the available

data indicated that the OS of group C was not significantly
different from that in the other treatment groups. In addition,
the safety data showed that the treatment-related AEs in group
C were not significantly higher compared with those in the
other treatment groups. Therefore, the results of the present
study suggested that HAIC combined with ICI/TKI therapy
has a notable efficacy and a high safety profile in the treatment
of patients with advanced HCC.
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