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Abstract 

Background  Adjuvant hepatic artery infusion chemotherapy (HAIC) has been shown to be beneficial to the patient 
outcomes in hepatocellular carcinoma (HCC).

Methods  Randomized controlled trials (RCTs) and non-RCTs were identified from six databases up to January 26, 
2023. Patient outcomes were assessed using overall survival (OS) and disease-free survival (DFS). Data were presented 
as hazard ratios (HR, 95% confidence intervals, or CIs).

Results  The present systematic review included 2 RCTs and 9 non-RCTs with a total of 1290 cases. Adjuvant HAIC 
improved OS (HR of 0.69; 95% CI of 0.56–0.84; p < 0.01) and DFS (HR of 0.64; 95% CI of 0.49–0.83; p < 0.01). Subgroup 
analysis showed that HCC patients with portal vein invasion (PVI) or microvascular invasion (MVI) benefit from adju-
vant HAIC in terms of OS ((HR of 0.43; 95% CI of 0.19–0.95; p < 0.01) and (HR of 0.43; 95% CI of 0.19–0.95; p = 0.0373), 
respectively) and DFS ((HR of 0.38; 95% CI of 0.21–0.69; p < 0.01) and (HR of 0.73; 95% CI of 0.60–0.88; p = 0.0125), 
respectively). Adjuvant HAIC with the oxaliplatin-based approach significantly improved OS (HR of 0.60; 95% CI of 
0.36–0.84; p = 0.02) and (HR of 0.59; 95% CI of 0.43–0.75; p < 0.01), respectively).

Conclusion  This meta-analysis demonstrated that postoperative adjuvant HAIC was beneficial in HCC patients with 
PVI and MVI. It remains unclear whether HAIC can improve the survival outcome in all HCC patients after hepatic 
resection.
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Introduction
Liver cancer is the 4th most common cause of cancer-
related death worldwide with hepatocellular cancer 
(HCC) accounting for most primary liver cancer cases 
[1]. Liver resection (LR) is a common treatment approach 
for HCC [2] that exhibits a high recurrence rate of up to 
70% and poor survival in the long term [3]. Fortunately, 
adjuvant strategies had been shown to decrease the 
recurrence and enhance the survival rate [4].

Current adjuvant strategies include transarterial chem-
oembolization (TACE), hepatic artery infusion chemo-
therapy (HAIC), antiviral therapy, and radiation therapy 
[5]. The ability of TACE in reducing HCC recurrence 
and improving the overall survival (OS) and disease-free 
survival (DFS) had been backed by several randomized 
controlled trials (RCTs) and meta-analyses [6–9]. Mecha-
nistically similar to TACE, HAIC is another adjuvant 
strategy that also holds several advantages over TACE. By 
delivering a higher concentration of chemotherapeutics 
(compared to TACE) via the hepatic artery to the liver with 
continuous infusion, HAIC extends the exposure of resid-
ual cancer cells to chemotherapeutic reagents. In addition, 
HAIC does not embolize the hepatic artery, avoiding dam-
ages to the residual liver that are commonly seen in TACE. 
The efficacy and safety of HAIC had been investigated and 
it had been documented that HAIC results in better out-
comes for patients with advanced HCC [10, 11]. However, 
its efficacy as adjuvant therapy for patients who received 
liver resection for HCC is still unclear.

Although the use of HAIC in reducing tumor recur-
rence after liver resection was reported as early as 1990s 
[12], inconsistent results had been documented in stud-
ies with different patient and tumor characteristics as 
well as different chemotherapy regimens [13–17]. Many 
early studies on the efficacy of HAIC for patients with 
HCC after liver resection (before 2015) were limited by 
the sample size. Several studies were published after 2017 
to further explore this topic [18–22]. For comprehensive 
analysis, Moran et al. reported that adjuvant hepatic arte-
rial infusion with chemotherapy or 131 Iodine lipiodol 
improves both the OS and DFS after LR, especially in 
patients with HCC ≥ 7 cm [23]. Li et al. and Ke et al. also 
concluded that adjuvant HAIC improves both the OS 
and DFS after LR [24, 25], and Liu et al. pointed out that 
HAIC is the most effective adjuvant regimen after surgi-
cal resection for HCC [4]. However, these meta-analyses 
limited by the small number of literatures or included 
literatures with a sample size. To clarify whether HAIC 
would benefit patients with radical liver resection, we 
performed a meta-analysis with extensive searching and 
excluding studies with small sample sizes in this study. 
The impact of HAIC on improving patient survival after 
liver resection was systematically assessed.

Methods
The proposed review is registered in PROSPERO (regis-
tration no. CRD42023400918).

Search strategy
Six databases (PubMed, Embase, Web of Science, Scopus, 
Ovid, and Cochrane library) were searched for English 
articles till January 26, 2023. For PubMed, the follow-
ing keywords and MeSh terms were used: hepatectomy, 
liver resection, hepatic artery infusion chemotherapy 
or HAIC, hepatocellular carcinoma or HCC. Details of 
search strategy of all databases were shown in Supple-
mentary materials 1. References in the identified studies 
were further searched manually for more studies.

Inclusion criteria
The following criteria were applied: RCTs and non-RCTs 
in English; liver surgery with or without HAIC in treating 
HCC patients; OS and/or DFS were reported.

Exclusion criteria
Non-comparative studies, conference abstracts, case 
reports, and reviews were excluded. For studies with 
overlapped patient cohorts, only the top one (highest 
quality, largest sample size, or most recent) was included 
while all the others were excluded. Studies with a sample 
size of < 10 in each group were excluded.

Quality assessment and data extraction
Initial assessment of the quality of each study and the 
following data extraction were conducted indepen-
dently by two researchers (LB Hu and XP Shi). For non-
randomized comparative trials, the Newcastle–Ottawa 
scale (NOS) with a scale up to 9 points was used (5 or 
less for low quality; 6–7 for medium quality; and 8 or 
more for high quality) for quality assessment. The risk of 
bias for RCTs was assessed according to the Cochrane 
Collaboration [26].

Predesigned and standardized forms were used to 
extract study details (e.g., first author, country, year of 
publication, patient information, tumor characteristics, 
and chemotherapy treatment). The primary outcomes 
including OS, DFS, survival rates (1, 3, and 5  years) as 
well as the DFS rate were extracted either directly from 
the original reports or indirectly from estimation with 
the Kaplan–Meier curve using the Engauge Digitizer 
software (version 4.1). Any disagreements between 
the two independent analyses were resolved by a third 
researcher (AD Wang).

Statistical analyses
The inverse variance method was used for determining 
the hazard ratio (HR) and 95% confidence interval (CI) 
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values. The Mantel–Haenszel method was employed for 
determining the risk ratio (RR) and 95% CI values. Het-
erogeneity was assessed using the χ2 method (I2 of 25% 
for low heterogeneity; 50% for moderate heterogeneity). 
The selection of the test model was based on the hetero-
geneity level with the random-effects model for I2 > 50% 
[27]. The robustness of the conclusion was assessed by 
sensitivity analysis. Subgroup analysis was based on the 
status of portal vein invasion (PVI), microscopic vein 
invasion (MVI), and the chemotherapy regimen. The 
publication bias was determined using funnel plots with 
Begg’s test and Egger’s test. Statistical significance was 
determined using a p value cutoff of 0.05. Pooled results 
were assessed using the Grading of Recommendations, 
Assessment, Development, and Evaluation (GRADE) 
approach that takes into consideration of inconsistency, 
imprecision, indirectness, and the risk of bias. Most of 
statistical computations were conducted in R (v4.0.3), a 
fraction of them were conducted in Stata (v15.1).

Results
Study search and selection
Database searching yielded a total of 2127 entries with 
2107 excluded after reviewing the title and abstract 

(Fig.  1). For the remaining articles, eight were further 
excluded because they did not meet the inclusion cri-
teria (n = 4), had a small sample size (n = 3), used the 
same dataset (n = 1), or reported preliminary result 
(n = 1). Thus, 11 studies were selected for the meta-
analysis [13–21, 28, 29].

Study characteristics
The included 11 studies consisted of two RCTs and nine 
retrospective studies, involving a total of 1290 patients 
with 513 patients treated with LR and adjuvant HAIC 
(the HAIC group) and 777 patients treated with only 
LR (the LR-only group). These studies were from Japan 
(n = 7), China (n = 3), and Korea (n = 1).

Patient characteristics are shown in Table  1. Patients 
in these studies showed a wide range of PVI from 0% 
(n = 4), 25.8% to 84.8% (n = 3), to 100% (n = 3). Five 
studies reported the status of MVI. Chemotherapy regi-
mens included 5-fluorouracil (5-FU) in combination 
with interferon (n = 2 from Japan), cisplatin alone or in 
combination with 5-FU and other drugs (n = 4 from 
Japan and n = 1 from Korea), 5-FU and oxaliplatin (n = 2 
from China), and 5-FU, cisplatin, leucovorin, and epi-
rubicin (n = 1 from China). The OS ranged from 33.2 to 

Fig. 1  Flow chart of study selection
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56.4 months in the HAIC group and 8.5 to 56.9 months 
in the LR-only group. The DFS ranged from 10.5 to 
50.6 months in the HAIC group and 5.5 to 54.5 months 
in the LR-only group.

Quality assessment
The risk of bias of RCTs was low. Details of quality assess-
ment of these studies were shown in Supplementary 
materials 2. For the nine retrospective studies, four were 
of high quality and five were of medium quality (Table 1).

Overall survival
Median survival time, available in six studies, ranged 
from 36.5 to 56.4 months in the HAIC group and 8.5 to 
56.9  months in the LR-only group (Table  1). HR of OS 
were available for all studies, the fixed effect model was 
used, pooled data showed that HAIC improved OS (HR 
of 0.69; 95% CI of 0.56–0.84; p < 0.01) (Fig. 2). While the 
survival rate at 1 and 3 years were available for all studies, 
that 5-year was only obtained in eight studies. Since sig-
nificant heterogeneity among studies at 1-year, 3-year, and 
5-year survival was found, the random effect model was 
used to pool these studies. HAIC improved the 1-year (RR 
of 1.10; 95% CI of 1.02–1.19; p < 0.01) and 3‐year survival 
(RR of 1.29; 95% CI of 1.10–1.52; p < 0.01). No difference 
at 5-year survival was found between the two groups (RR 
of 1.30; 95% CI of 0.95–1.77; p = 0.1032) (Fig. 3).

Disease‑free survival rates
Median DFS time, available in ten studies, ranged 
from 10.5 to 50.6  months in the HAIC group and 5.5 
to 54.5 months in the LR-only group. Since significant 
heterogeneity among studies on DFS was found, the 
random effect model was used to pool these studies. 
HR of DFS were available for ten studies, pooled data 
showed that HAIC improved DFS (HR of 0.64; 95% CI 
of 0.49–0.83; p < 0.01) (Fig. 2). The DFS data at 1-year, 
3-year, and 5-year were only obtained in ten, nine, and 
six studies, respectively. HAIC improved the 1-year 

(RR of 1.24; 95% CI of 1.08–1.43; p < 0.01) and 3-year 
(RR of 1.38; 95% CI of 1.06–1.80; p = 0.0186), respec-
tively. No difference at 5-year (RR of 1.12; 95% CI of 
0.70–1.78; p = 0.6454) DFS was found between the two 
groups (Fig. 3).

HAIC‑related adverse effect
The details of HAIC-related adverse effects are shown 
in Table  2. Fever, nausea or vomiting, diarrhea, neutro-
penia, and hepatic toxicity are common, mild, and eas-
ily controlled. Nitta et  al. reported that three patients 
had grade 3 vomiting, and three had severe neutropenia, 
Kojima et al. reported one grade 3 myelosuppression, and 
Hirokawa et al. reported that three patients had grade 3 
hepatic toxicity. Li et al. reported 104 grade 1–2 adverse 
effects and 2 grade 3–4 adverse effects.

Subgroup analysis
Subgroup analysis based on the PVI status was con-
ducted. In HCC patients with PVI, adjuvant HAIC sig-
nificantly improved OS (HR of 0.43; 95% CI of 0.19–0.95; 
p < 0.01), 3-year (RR of 1.86; 95% CI of 1.09‐3.19; p < 0.01) 
and 5-year survival rate (RR of 1.97; 95% CI of 1.02–3.79; 
p < 0.01). What is more, adjuvant HAIC showed a sig-
nificant impact at DFS (HR of 0.38; 95% CI of 0.21–0.69; 
p < 0.01) and 1-year (RR of 2.10; 95% CI of 1.03–4.29; 
p < 0.01) (Tables 3 and 4). For HCC patients without portal 
vein invasion, adjuvant HAIC significantly improved DFS 
(HR of 0.66; 95% CI of 0.53‐0.82; p < 0.01), but it did not 
show improvement on the OS and DFS at 1, 3, or 5 years.

Subgroup analysis based on the MVI status was con-
ducted. In HCC patients with MVI,adjuvant HAIC 
significantly improved OS (HR of 0.43; 95% CI of 0.19–
0.95; p = 0.0373) and 3-year survival (RR of 1.12; 95% 
CI of 1.03–1.22; p < 0.01). What is more, adjuvant HAIC 
showed a significant impact at DFS (HR of 0.73; 95% CI 
of 0.60‐0.88; p = 0.0125), 1-year (RR of 1.24; 95% CI of 
1.12–1.38; p < 0.01), and 3-year (RR of 1.57; 95% CI of 
1.27–1.94; p < 0.01) (Tables 3 and 4).

Fig. 2  The overall survival and disease-free survival. Forest plots showing the overall survival and disease-free survival are shown in A and B, 
respectively
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Subgroup analysis was also performed based on three 
chemotherapeutic regimens: cisplatin-based, oxaliplatin-
based, and 5-FU and interferon-based. While adjuvant 

HAIC with the oxaliplatin-based approach significantly 
improved OS (HR of 0.60; 95% CI of 0.36–0.84; p = 0.02), 
the 5-FU/interferon regimen significantly improved OS (HR 

Fig. 3  The overall survival and disease-free survival rates. Forest plots showing the 1-, 3-, and 5-year overall survival rates of the HAIC and LR-only 
groups are shown in A to C, respectively. Forest plots showing the 1-, 3-, and 5-year disease-free survival rates of the HAIC and LR-only groups are 
shown in D to F, respectively

Table 2  Complication related to HAIC

HAIC hepatic arterial infusion chemotherapy, ALT alanine transaminase AST aspartate aminotransferase

Study Complication

Nomami 1991 No serious complications attributable to the adjuvant arterial chemotherapy were observed. Some 
patients complained of transient fever or uncomfortable feelings after the injection of doxorubicin, 
mitomycin C, and lipiodol

Kim 2011 No serious systemic adverse events (AEs) was observed

Kumatoto 2013 A total of 6.3% of patients experienced grade 3 decreases in white blood cell and neutrophil counts

Nagano 2013 Easily controlled fever was common, but no serious systemic AEs was observed

Nitta 2013 A total of 7.9% of patients experienced grade 3/4 neutropenia and vomiting

Kojima 2015 One developed grade 2 acute kidney injury and one had persistent grade 3 myelosuppression

Feng 2017 Paresthesia (14 of 42), neutropenia (15 of 42), thrombocytopenia (16 of 42), anemia (10 of 42), 
nausea or vomiting (30 of 42), diarrhea (8 of 42), and hepatic toxicity (25 of 42). All toxicities and 
complications were controlled

Hsiao 2017 Nausea, vomiting, and mild AST/ALT elevation were noted, but no serious AEs was observed

Hamada 2020 Not mentioned

Hirokawa 2020 A total of 5.4% of patients experienced grade 3 AST/ALT elevation. No grade 4 AEs was observed

Li 2022 A total of 82, 22, and 2 patients experienced grade 1, grade 2, and grade 3–4 AEs, respectively
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of 0.60; 95% CI of 0.36–0.84; p < 0.01) and the 5-year survival 
rate (RR of 5.40; 95% CI, 1.74–16.77; p < 0.01), the cisplatin-
based approach significantly improved the 3-year survival 
rate (RR of 1.26; 95% CI, 1.04–1.54; p < 0.01) (Table  3). 
Remarkably, all approaches significantly improved DFS (HR 
of 0.59; 95% CI of 0.43–0.75; p < 0.01 for the oxaliplatin-
based approach; HR of 0.71; 95% CI of 0.52–0.90; p < 0.01 
for the cisplatin-based approach; and HR of 0.30; 95% CI of 
0–0.69; p < 0.01 for the 5-FU/interferon approach).

Publication bias
Publication bias was not detected based on Begg’s test 
and Egger’s test (Supplementary materials 3).

Sensitivity analysis
Sensitivity analysis was performed by excluding each 
study in turn and combining HR for the remain-
ing included studies. Sensitivity analysis showed 

that a certain heterogeneity between the results of 
“Nagano2013” and other studies. However, both OS 
and DFS were robust (Supplementary materials  4). 
As a study conducted by Nomami et al. was published 
too early in 1991, potential heterogeneity may exist. 
Sensitivity analysis showed that a certain heteroge-
neity between the results of “Nagano2013” and other 
studies. Hence, we re-calculated by omitting study 
“Nomami 1991” and “Nagano2013” successively and 
omitting both of them. The results still showed that 
HAIC improved bothe OS and DFS (Supplementary 
materials 5).

GRADE evidence
The GRADE evidence profile was summarized in Sup-
plementary materials  6. GRADE analysis showed that 
the quality of evidence for OS and DFS outcomes with or 
without HAIC after LR for HCC was very low.

Table 3  Subgroup analysis of OS

a  Data present as hazard ratio and 95% confidence interval

PVI portal vein invasion, MVI microvascular invasion, 5-FU 5-fluorouracil, 1-y 
OS 1-year overall survival, 3-y OS 3 years overall survival, 5-y OS 5 years overall 
survival, OR odds ratio, CI confidence interval

Subgroup No. of study Outcomes RR 95%CI I2

PVI

Without PVI 4 OSa 0.81 0.63–1.03 32%

4 1y-OS 1.01 0.96–1.07 60%

4 3y-OS 1.08 0.99–1.18 10%

3 5y-OS 0.98 0.72–1.34 52%

With PVI 3 OSa 0.43 0.19–0.95 73%

3 1y-OS 1.49 0.81–2.75 79%

3 3y-OS 1.94 1.31–2.87 47%

3 5y-OS 1.97 1.02–3.79 31%

Chemotherapy

Cisplatin based 7 OSa 0.78 0.56–1.00 0%

7 1y-OS 1.10 0.99–1.21 76%

7 3y-OS 1.26 1.04–1.54 76%

5 5y-OS 1.08 0.85–1.38 44%

Interferon + 5-FU 2 OSa 0.20 0.05–0.35 1%

2 1y-OS 1.81 0.67–4.91 88%

2 3y-OS 2.55 0.95–6.88 61%

2 5y-OS 5.40 1.74–16.77 0%

Oxaliplatin based 2 OSa 0.60 0.36–0.84 0%

2 1y-OS 1.03 0.98–1.09 0%

2 3y-OS 1.17 0.90–1.51 49%

1 5y-OS 1.71 0.84–3.47 /

MVI

With MVI 5 OSa 0.68 0.50–0.92 0%

5 1y-OS 1.09 0.99–1.21 75%

5 3y-OS 1.12 1.03–1.22 0%

3 5y-OS 1.17 0.97–1.42 27%

Table 4  Subgroup analysis of DFS

a  Data present as hazard ratio and 95% confidence interval

PVI portal vein invasion, MVI microvascular invasion, 5-FU 5-fluorouracil, 1-y DFS 
1-year disease-free survival, 3-y DFS, 3 years disease-free survival, 5-y DFS 5 years 
disease-free survival, OR odds ratio, CI confidence interval

Subgroup No. of study Outcomes RR 95%CI I2

PVI

Without PVI 4 DFSa 0.66 0.53–0.82 0%

4 1y-DFS 1.14 0.98–1.32 71%

4 3y-DFS 1.31 0.981.77 72%

3 5y-DFS 0.94 0.59–1.49 56%

With PVI 3 DFSa 0.38 0.21–0.69 63%

3 1y-DFS 2.10 1.03–4.29 68%

3 3y-DFS 2.33 0.75–7.30 70%

3 5y-DFS 2.37 0.62–9.08 47%

Chemotherapy

Cisplatin based 6 DFSa 0.71 0.52–0.90 20%

6 1y-DFS 1.15 0.98–1.35 52%

5 3y-DFS 1.05 0.88–1.26 7%

4 5y-DFS 0.94 0.59–1.50 45%

Interferon + 5-FU 2 DFSa 0.30 0–0.69 41%

2 1y-DFS 2.40 1.02–5.65 52%

2 3y-DFS 2.18 0.32–14.76 79%

1 5y-DFS 16.80 1.05–268.35 /

Oxaliplatin based 2 DFSa 0.59 0.43–0.75 0%

2 1y-DFS 1.24 1.08–1.43 0%

2 3y-DFS 1.72 1.32–2.24 0%

1 5y-DFS 1.46 0.61–3.48 /

MVI

With MVI 5 DFSa 0.73 0.60–0.88 30%

5 1y-DFS 1.24 1.12–1.38 0%

4 3y-DFS 1.57 1.27–1.94 25%

2 5y-DFS 1.19 0.79–1.81 0%
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Discussion
Our meta-analysis provides the first analysis of the effi-
cacy of HAIC on the outcomes of HCC patients after 
LR. The results indicated that adjuvant HAIC after LR 
improved OS and DFS. Subgroup analysis revealed that 
HCC patients with PVI could benefit from HAIC. Both 
the oxaliplatin-based and 5-FU/interferon regimens were 
more effective than the cisplatin-based chemotherapy on 
OS. Thus, an appropriate chemotherapy regimen for a 
specific patient subgroup should be recognized to achieve 
better outcomes.

Ke et al. conducted a meta-analysis on this topic recently, 
and the conclusion was similar with ours [24]. However, 
they included three studies with sample size less than 10 in 
each group wich may affect the reliability of results. Con-
sidering this issue, we excluded these studies and included a 
most recent large sample studied to make the results more 
reliable. What is more, publication bias existed and the 
“trim and fill” analysis suggested that the unpublished stud-
ies might have few effects on the results. Li et al. concluded 
that HAIC improves both the OS and DFS for patients 
with advanced HCC as primary treatment or patients with 
resectable HCC as adjuvant treatment [25]. However, only 
five studies assessed the role of adjuvant HAIC for patients 
with resectable HCC, studies published in 2020 and 2021 
were not included. Subgroup analysis could not be per-
formed due to the small number of literatures included.

Moran et al. reported that adjuvant hepatic artery infu-
sion therapy including HAIC and hepatic artery infusion 
with I‐131 lipiodol could improve both OS and DFS for 
HCC patients [23]. Similarly, our study found HAIC has 
a positive effect on the short and mid-term OS rates and 
the short-term DFS rate. However, we found that the 
5-year survival and DFS were comparable between the 
HAIC and the LR-only groups. The discrepancy could be 
attributed to the small sample size in the previous study. 
This is further backed by our sensitivity analysis for the 
5-year survival rate, which showed that the significance 
of HAIC is only observed after removing the study with 
the largest sample size. Thus, future studies should enroll 
more samples to consolidate this finding.

It had been reported that TACE could significantly 
reduce tumor recurrence and improve DFS (hazard ratio 
of 0.68; 95% CI, 0.49–0.93) and OS (hazard ratio of 0.59; 
95% CI, 0.36–0.97) for patients with hepatitis virus B 
related HCC who have a high risk of recurrence after LR 
[7]. In addition, TACE significantly increased the median 
OS from 22.37 to 44.29 months and the median DFS from 
9.27  to 17.45  months in patients with single HCC and 
microvascular invasion (MVI) [6]. Additionally, adjuvant 
TACE improved the survival of HCC patients with portal 
vein tumor thrombus after hepatectomy [30]. A previous 
meta-analysis showed that adjuvant TACE was beneficial 

in HCC patients with multinodular tumors, tumor diam-
eter >  5  cm, or MVI-positive. Similarly, Niizeki et  al. 
demonstrated the benefit of adjuvant HAIC treatment 
for HCC patients with MVI [31]. Such a benefit of adju-
vant HAIC had also been reported for HCC patients with 
tumor thrombosis [32]. Our analysis demonstrated that 
patients with HCC could benefit from HAIC in the short 
term and that HCC patients with PVI or MVI benefit from 
HAIC in the long term. A high probability of tumor trans-
fer via the portal vein before liver resection could lead to a 
high likelihood of persistent tumor cells after LR in HCC 
patients with PVI, HCC complicated with MVI is prone to 
have residual cancer cells after hepatectomy, making the 
chemotherapy more evident. It was reported that gamma 
knife radiosurgery and transcatheter arterial chemoem-
bolization had different survival effect for patients with 
HCC depending on the type of portal vein tumor throm-
bus (PVTT) [33]. Hence, it would be better to evaluate the 
efficacy of HAIC for HCC patients based on the type of 
PVTT in further research.

Various chemotherapeutic regimens (antitumor anti-
biotics, antibiotics + platinum agents, antibiotics + anti-
metabolic agents, antibiotics  +  platinum, antimetabolic 
agents, and platinum +  anti-metabolic agents) had been 
used for TACE and HAIC [9]. However, which regi-
men is more effective remains unclear. While one RCT 
showed that HAIC and low dose of cisplatin and 5-FU 
did not improve the OS in patients with advanced HCC 
[34], HAIC with oxaliplatin + 5-FU/leucovorin may have 
a potential benefit of survival for such patients [35]. In 
addition, radiotherapy and/or sorafenib with HAIC of 
FOLFOX regimen improved the OS in HCC patients with 
PVI [36, 37]. Similarly, we observed that HAIC of oxalipl-
atin-based agents improved the OS while cisplatin-based 
agents did not. Thus, oxaliplatin may be more suitable for 
HCC. For the 5-FU +  interferon approach, it is unclear 
which drug could improve the survival rate. On the other 
hand, Li et al. showed that HAIC of mFOLFOX regimen 
had higher objective response rate and improved the 
OS and DFS than conventional TACE did [10]. Besides, 
a RCT by Li et al. demonstrated that HAIC of FOLFOX 
regimen is superior to TACE on OS, DFS and objective 
response rate [38]. Hence, despite the lack of direct evi-
dence, we suppose that FOLFOX or mFOLFOX regimen 
is a suitable regimen for HAIC.

In regard to complication of HAIC, only nine grade 3/4 
complication was reported, besides, tolerable nausea, vom-
iting, or myelosuppression are common. What is more, both 
study mentioned before showed that serious adverse events 
were higher in the TACE group than in the HAIC group. 
Hence, HAIC is a safe therapy.

There are several limitations in this study. First, strong 
publication bias and significant heterogeneity limited the 
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power of meta-analysis. The heterogeneity issue was par-
tially resolved by subgroup analysis based on either the 
PVI status or the chemotherapy. The results showed that 
the heterogeneity was attributed to the patient cohort, 
the geographical area, inclusion criteria of different stud-
ies, and the chemotherapy regimen. Interestingly, we 
found that HAIC was more effective in HCC patients 
with PVI or MVI who with high risk of recurrence. Sec-
ond, publication bias was significant as positive results 
are more likely to be published, which in turn affects the 
result of the meta-analysis. Third, only two RCTs were 
included here with low-GRADE evidence profiles for 
both OS and DFS. Fourth, the sample size in each study 
was relatively small. Fifth, all studies included were from 
Asia so that the conclusion may not be applicable in 
western countries (Supplementary materials 7).

Conclusion
Our meta-analysis showed that HAIC improves OS and 
DFS. Notably, HCC patients with PVI or MVI may bene-
fit from adjuvant HAIC. However, the benefit of HAIC in 
HCC patients in general is still not clear due to significant 
heterogeneity, and very low quality of GRADE evidence 
profile. Thus, large and well-designed RCTs considering 
risk of recurrence and chemotherapeutic regimens are 
needed for future studies. In addition, a standard and 
effective chemotherapeutic regimen is needed.

Abbreviations
HCC	� Hepatocellular cancer
LR	� Liver resection
TACE	� Transarterial chemoembolization
HAIC	� Hepatic artery infusion chemotherapy
OS	� Overall survival
DFS	� Disease-free survival
RCTs	� Randomized controlled trials
NOS	� Newcastle-Ottawa scale
RR	� Risk ratio
CI	� Confidence interval
PVI	� Portal vein invasion
MVI	� Microscopic vein invasion
5-FU	� 5-Fluorouracil
PVTT	� Portal vein tumor thrombus

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12957-​023-​03000-1

Additional file 1: Supplementary materials 1. Search strategy. Supple‑
mentary materials 2. The differences of included studies between our 
and previous studies. Supplementary materials 3. Risk assessment of 
RCTs. Supplementary materials 4. Plot of publication bias. Supplemen‑
tary materials 5. Plot of sensitivity analysis. Supplementary materials 6. 
Plot of OS and DFS after omitting some studies. Supplementary materials 7. 
GRADE analysis of OS and DFS in the HAIC group.

Acknowledgements
We thank TopEdit (www.​toped​itsci.​com) for its linguistic assistance during the 
preparation of this manuscript.

Authors’ contributions
AW designed this work. LH and YZ extracted, analyzed and interpreted the 
data. JY and XS wrote a part of the manuscript. LH was a major contributor in 
writing the manuscript. All authors read and approved the final manuscript.

Funding
No funding.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Hepatopancreatobiliary Surgery, Taizhou Hospital of Zhe-
jiang Province Affiliated to Wenzhou Medical University, Zhejiang, China. 
2 Department of Hepatopancreatobiliary Surgery, Taizhou Enze Medical Center 
(Group), Enze Hospital, Zhejiang, China. 3 Department of Rehabilitation Medi-
cine, the First Affiliated Hospital of Nanjing Medical University, Jiangsu, China. 
4 Department of Blood Purification, Taizhou Hospital of Zhejiang Province 
Affiliated to Wenzhou Medical University, Zhejiang, China. 

Received: 7 December 2022   Accepted: 22 March 2023

References
	1.	 Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, 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(3):209–49.

	2.	 Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis MM, et al. 
Diagnosis, staging, and management of hepatocellular carcinoma: 2018 
Practice Guidance by the American Association for the Study of Liver 
Diseases. Hepatology (Baltimore, MD). 2018;68(2):723–50.

	3.	 Llovet JM, Burroughs A, Bruix J. Hepatocellular carcinoma. Lancet. 
2003;362(9399):1907–17.

	4.	 Liu Y, Wang Y, Guo X, He Y, Zhou J, Lv Q, et al. Comparative effectiveness of 
adjuvant treatment for resected hepatocellular carcinoma: a systematic 
review and network meta-analysis. Front Oncol. 2021;11:709278.

	5.	 Zhang W, Zhang BX, Chen XP. Adjuvant treatment strategy after cura-
tive resection for hepatocellular carcinoma. Frontiers of Medicine. 
2021;15(2):155–69.

	6.	 Wei W, Jian PE, Li SH, Guo ZX, Zhang YF, Ling YH, et al. Adjuvant transcath-
eter arterial chemoembolization after curative resection for hepatocel-
lular carcinoma patients with solitary tumor and microvascular invasion: 
a randomized clinical trial of efficacy and safety. Cancer Commun (Lond). 
2018;38(1):61.

	7.	 Wang Z, Ren Z, Chen Y, Hu J, Yang G, Yu L, et al. Adjuvant transarte-
rial chemoembolization for HBV-related hepatocellular carcinoma 
after resection: a randomized controlled study. Clin Cancer Res. 
2018;24(9):2074–81.

	8.	 Shen A, Liu M, Zheng D, Chen Q, Wu Z. Adjuvant transarterial chemoem-
bolization after curative hepatectomy for hepatocellular carcinoma with 

https://doi.org/10.1186/s12957-023-03000-1
https://doi.org/10.1186/s12957-023-03000-1
http://www.topeditsci.com


Page 10 of 10Hu et al. World Journal of Surgical Oncology          (2023) 21:121 

microvascular invasion: A systematic review and meta-analysis. Clin Res 
Hepatol Gastroenterol. 2020;44(2):142–54.

	9.	 Chen ZH, Zhang XP, Zhou TF, Wang K, Wang H, Chai ZT, et al. Adjuvant 
transarterial chemoembolization improves survival outcomes in hepato-
cellular carcinoma with microvascular invasion: A systematic review and 
meta-analysis. Eur J Surg Oncol. 2019;45(11):2188–96.

	10.	 Li S, Lyu N, Han X, Li J, Lai J, He M, et al. Hepatic artery infusion chemo-
therapy using fluorouracil, leucovorin, and oxaliplatin versus transarterial 
chemoembolization as initial treatment for locally advanced hepatocellu-
lar carcinoma: a propensity score-matching analysis. J Vasc Interv Radiol. 
2021;32(9):1267-76.e1.

	11.	 Hu J, Bao Q, Cao G, Zhu X, Yang R, Ji X, et al. Hepatic arterial infusion 
chemotherapy using oxaliplatin plus 5-fluorouracil versus transarte-
rial chemoembolization/embolization for the treatment of advanced 
hepatocellular carcinoma with major portal vein tumor thrombosis. 
Cardiovasc Intervent Radiol. 2020;43(7):996–1005.

	12.	 Izumi R, Shimizu K, Iyobe T, Ii T, Yagi M, Matsui O, et al. Postoperative adju-
vant hepatic arterial infusion of Lipiodol containing anticancer drugs in 
patients with hepatocellular carcinoma. Hepatology. 1994;20(2):295–301.

	13.	 Kim DY, Ahn SH, Kim SU, Choi SB, Lee KH, Park MS, et al. Adjuvant 
hepatic arterial infusional chemotherapy with 5-fluorouracil and 
cisplatin after curative resection of hepatocellular carcinoma. Oncology. 
2011;81(3–4):184–91.

	14.	 Kumamoto T, Tanaka K, Matsuo K, Takeda K, Nojiri K, Mori R, et al. Adjuvant 
hepatic arterial infusion chemotherapy with 5-Fluorouracil and interferon 
after curative resection of hepatocellular carcinoma: a preliminary report. 
Anticancer Res. 2013;33(12):5585–90.

	15.	 Nagano H, Kobayashi S, Marubashi S, Wada H, Eguchi H, Tanemura M, 
et al. Combined IFN-alpha and 5-FU treatment as a postoperative adju-
vant following surgery for hepatocellular carcinoma with portal venous 
tumor thrombus. Exp Ther Med. 2013;5(1):3–10.

	16.	 Nitta H, Beppu T, Imai K, Hayashi H, Chikamoto A, Baba H. Adjuvant 
hepatic arterial infusion chemotherapy after hepatic resection of hepa-
tocellular carcinoma with macroscopic vascular invasion. World J Surg. 
2013;37(5):1034–42.

	17.	 Kojima H, Hatano E, Taura K, Seo S, Yasuchika K, Uemoto S. Hepatic Resec-
tion for Hepatocellular Carcinoma with Tumor Thrombus in the Major 
Portal Vein. Dig Surg. 2015;32(6):413–20.

	18.	 Feng M, Tang CW, Feng WM, Bao Y, Zheng YY, Shen JB. Hepatic artery-
infusion chemotherapy improved survival of hepatocellular carcinoma 
after radical hepatectomy. Onco Targets Ther. 2017;10:3001–5.

	19.	 Hsiao JH, Tsai CC, Liang TJ, Chiang CL, Liang HL, Chen IS, et al. Adjuvant 
hepatic arterial infusion chemotherapy is beneficial for selective patients 
with Hepatocellular carcinoma undergoing surgical treatment. Int J Surg. 
2017;45:35–41.

	20.	 Hamada T, Yano K, Wada T, Imamura N, Hiyoshi M, Kondo K, et al. 
Increased survival benefit of adjuvant intra-arterial infusion chemother-
apy in HCC patients with portal vein infiltration after hepatectomy. World 
J Surg. 2020;44(8):2770–6.

	21.	 Hirokawa F, Komeda K, Taniguchi K, Asakuma M, Shimizu T, Inoue Y, et al. 
Is postoperative adjuvant transcatheter arterial infusion therapy effective 
for patients with hepatocellular carcinoma who underwent hepatec-
tomy? A prospective randomized controlled trial. Ann Surg Oncol. 
2020;27(11):4143–52.

	22.	 Lishaoh, Wei W, Wang Q, Guo Z, Mei J, Lu L, et al. Postoperative adjuvant 
transarterial infusion chemotherapy with FOLFOX could improve out-
comes of hepatocellular carcinoma patients with microvascular invasion: 
A preliminary report of a phase III, randomized, controlled clinical trial. 
Journal of Clinical Oncology. 2020;38(4).

	23.	 Moran A, Ramos LF, Picado O, Pendola F, Sleeman D, Dudeja V, et al. 
Hepatocellular carcinoma: resection with adjuvant hepatic artery infusion 
therapy vs resection alone. A systematic review and meta-analysis. J Surg 
Oncol. 2019;119(4):455–63.

	24.	 Ke Q, Wang L, Wu W, Huang X, Li L, Liu J, et al. Meta-analysis of postopera-
tive adjuvant hepatic artery infusion chemotherapy versus surgical resec-
tion alone for hepatocellular carcinoma. Front Oncol. 2021;11:720079.

	25.	 Li S, Xu J, Zhang H, Hong J, Si Y, Yang T, et al. The role of hepatic arterial 
infusion chemotherapy in the treatment of hepatocellular carcinoma: a 
systematic review and meta-analysis. Chemotherapy. 2021:1–10.

	26.	 Tian DH, De Silva RP, Wang T, Yan TD. Open surgical repair for chronic 
type B aortic dissection: a systematic review. Ann Cardiothorac Surg. 
2014;3(4):340–50.

	27.	 Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency 
in meta-analyses. BMJ. 2003;327(7414):557–60.

	28.	 Nonami T, Isshiki K, Katoh H, Kishimoto W, Harada A, Nakao A, et al. The 
potential role of postoperative hepatic artery chemotherapy in patients 
with high-risk hepatomas. Ann Surg. 1991;213(3):222–6.

	29.	 Li SH, Mei J, Cheng Y, Li Q, Wang QX, Fang CK, et al. Postoperative adju-
vant hepatic arterial infusion chemotherapy with FOLFOX in hepatocel-
lular carcinoma with microvascular invasion: a multicenter, phase III, 
randomized study. Journal of clinical oncology : official journal of the 
American Society of Clinical Oncology. 2022:JCO2201142.

	30.	 Liu F, Guo X, Dong W, Zhang W, Wei S, Zhang S, et al. Postoperative 
adjuvant TACE-associated nomogram for predicting the prognosis of 
resectable Hepatocellular Carcinoma with portal vein Tumor Thrombus 
after Liver Resection. Int J Biol Sci. 2020;16(16):3210–20.

	31.	 Niizeki T, Iwamoto H, Shirono T, Shimose S, Nakano M, Okamura S, et al. 
Clinical importance of regimens in hepatic arterial infusion chemother-
apy for advanced hepatocellular carcinoma with macrovascular invasion. 
Cancers (Basel). 2021;13(17).

	32.	 Hatano E, Uemoto S, Yamaue H, Yamamoto M. Significance of hepatic 
resection and adjuvant hepatic arterial infusion chemotherapy for hepa-
tocellular carcinoma with portal vein tumor thrombus in the first branch 
of portal vein and the main portal trunk: a project study for hepatic 
surgery of the Japanese Society of Hepato-Biliary-Pancreatic Surgery. J 
Hepatobiliary Pancreat Sci. 2018;25(9):395–402.

	33.	 Su K, Gu T, Xu K, Wang J, Liao H, Li X, et al. Gamma knife radiosurgery 
versus transcatheter arterial chemoembolization for hepatocellular car-
cinoma with portal vein tumor thrombus: a propensity score matching 
study. Hepatol Int. 2022;16(4):858–67.

	34.	 Kudo M, Ueshima K, Yokosuka O, Ogasawara S, Obi S, Izumi N, et al. 
Sorafenib plus low-dose cisplatin and fluorouracil hepatic arterial infusion 
chemotherapy versus sorafenib alone in patients with advanced hepato-
cellular carcinoma (SILIUS): a randomised, open label, phase 3 trial. Lancet 
Gastroenterol Hepatol. 2018;3(6):424–32.

	35.	 Lyu N, Kong Y, Mu L, Lin Y, Li J, Liu Y, et al. Hepatic arterial infusion of oxali-
platin plus fluorouracil/leucovorin vs. sorafenib for advanced hepatocel-
lular carcinoma. J Hepatol. 2018;69(1):60–9.

	36.	 He M, Li Q, Zou R, Shen J, Fang W, Tan G, et al. Sorafenib plus hepatic arte-
rial infusion of oxaliplatin, fluorouracil, and leucovorin vs sorafenib alone 
for hepatocellular carcinoma with portal vein invasion: a randomized 
clinical trial. JAMA Oncol. 2019;5(7):953–60.

	37.	 Kodama K, Kawaoka T, Aikata H, Uchikawa S, Nishida Y, Inagaki Y, et al. 
Comparison of outcome of hepatic arterial infusion chemotherapy 
combined with radiotherapy and sorafenib for advanced hepatocellular 
carcinoma patients with major portal vein tumor thrombosis. Oncology. 
2018;94(4):215–22.

	38.	 Li QJ, He MK, Chen HW, Fang WQ, Zhou YM, Xu L, et al. Hepatic arterial 
infusion of oxaliplatin, fluorouracil, and leucovorin versus transarterial 
chemoembolization for large hepatocellular carcinoma: a randomized 
phase III trial. J Clin Oncol. 2022;40(2):150–60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Does adjuvant hepatic artery infusion chemotherapy improve patient outcomes for hepatocellular carcinoma following liver resection? A meta-analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Search strategy
	Inclusion criteria
	Exclusion criteria
	Quality assessment and data extraction
	Statistical analyses

	Results
	Study search and selection
	Study characteristics
	Quality assessment
	Overall survival
	Disease-free survival rates
	HAIC-related adverse effect
	Subgroup analysis
	Publication bias
	Sensitivity analysis
	GRADE evidence

	Discussion
	Conclusion
	Anchor 27
	Acknowledgements
	References


