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Adjuvant hepatic arterial infusion chemotherapy is beneficial for
selective patients with Hepatocellular carcinoma undergoing surgical
treatment
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h i g h l i g h t s

� HAIC provided benefit for HCC patients with microvascular invasion and selective multiple tumor after surgery.
� HAIC is not suitable for every patients undergoing surgery.
� Solitary HCC patients should not receive adjuvant HAIC, especially in non-HBV patients.
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a b s t r a c t

Background: Recurrence rate after curative surgical resection of Hepatocellular carcinoma (HCC) remains
high. Postoperative hepatic arterial infusion chemotherapy (HAIC) has been suggested to improve sur-
vival. This study is to investigate the efficacy of HAIC in the patients with poor tumor factors such as
vascular invasion or multiplicity.
Methods: From 2006 to 2014, 221 patients with HCC undergoing hepatectomy and pathologically staged
as S T2 (American Joint Committee on Cancer TNM staging system, 7th edition) were included. 61
patients received adjuvant HAIC with 5-fluorouracil, cisplatin, and epirubicin. 160 patients received
surgery alone. The overall survival time (OST) and disease free survival time (DFST) were compared
between the two groups.
Results: In all patients, the multivariate analysis of survival data showed that resection margin less than
10 mm was the independent poor prognostic factors. The median OST and DFST between the HAIC and
surgery alone groups were 56.4 vs. 56.9 months (p ¼ 0.76), and 50.6 vs. 54.5 months (p ¼ 0.905),
respectively. There was no significant difference. For patients with multiple tumors and concomitantly
microvascular invasion, the OST was better in the HAIC group (69.7 vs. 54.6 months, p < 0.05).
Based on the image and operative finding, we classified multiple HCC's into two types. Type A: multiple
small nodules were close to each other or a huge tumor with several satellite nodules. Type B: two or
more tumors scattering in separate segments. Our study showed that type A group benefits from
adjuvant HAIC much more than type B. (the median OST in type A versus type B were 85.06 vs. 41.53
months, p ¼ 0.0036).
Conclusion: The surgical outcome for the patients with multiple HCC's and vascular invasion was poor.
Our study showed adjuvant HAIC was beneficial in these patients and formed the basis for further
randomized controlled trials.

© 2017 IJS Publishing Group Ltd. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Hepatocellular carcinoma (HCC) is one of the most common
cancers in the world, which may be related to infection with
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hepatitis B virus (HBV) and/or hepatitis C virus (HCV) [17,19]. It
represents the second leading cause of cancer-related deaths
worldwide [2]. The patient's prognosis is associated with cumula-
tive tumor size, tumor location, cirrhosis, portal vein and/or
microvascular tumor embolus and the histological grade of the
primary tumor [9]. Barcelona-Clinic Liver Cancer, Okuda, Child-
Pugh score, and the indocyanine green (ICG) clearance test were
used to evaluate the respectability for operation [12,32]. Surgical
resection is a curative treatment, but local recurrence rate remains
high. The macroscopic tumor can be removed during liver resec-
tion, but microscopic tumor spreading might not be able to detect.
Several treatments have been available in terms of local recurrence,
such as radiofrequency ablation (RFA), percutaneous ethanol in-
jection (PEI), transcatheter arterial embolization (TAE), trans-
catheter arterial chemoembolization (TACE), and hepatic arterial
infusion chemotherapy (HAIC), liver transplantation, radio-
embolization, cryoablation, radiation therapy and stereotactic
radiotherapy, and systemic chemotherapy [8,26,27].

Previous studies have reported the benefit on adjuvant HAIC in
HCC patients undergoing liver resection [1,16,21,23]. We assumed
that adjuvant HAIC would provide advantage for patients with
microscopic tumor spreading after hepatic resection. Therefore, we
conducted this study focusing on those patients with single HCC
that had pathologically proved (micro or macro-) vascular invasion
and those with multiple HCC's. The object is to see whether or not
the adjuvant HAIC would improve the disease free and overall
survival of HCC patients undergoing curative resection.

2. Material and method

2.1. Patients

From 2006 to 2014, there were a total of 597 HCC patients un-
dergoing liver resection at our hospital. All specimens were
examined by professional pathologist at our hospital. The conduc-
tion of adjuvant HAIC was according to the surgeons' preferential.
Generally, those patients with pathologically diagnosed T1 lesion
were considered not indicated for adjuvant HAIC and were
excluded (American Joint Committee on Cancer TNM staging sys-
tem, 7th edition). The patients with the following conditions were
excluded from the present study: (1) 5 patients died within 3
months after surgery. (2 patients died of postoperative infection; 3
patients died of hepatic decompensation.), (2) 6 patients died of
other cancer or other medical illness, (3) 10 patients with liver
function impairment after surgery and did not recovered with thin
2months, manifested by elevated AST (aspartate aminotransferase)
and ALT (alanine aminotransferase) level > 100 IU/L. Among those
with pathologically proved S T2 tumors, 221 patients were
enrolled in this retrospective cohort study in which 61 patients
received adjuvant HAIC after surgery and 160 patients had opera-
tion only. All patients were regularly followed up at our hospital
every 3 months.

2.2. Pre-operative evaluation and surgery

Before surgery, all patients received ultra-sonography,
computed tomography (CT) or Magnetic resonance imaging (MRI)
scans. Alpha fetoprotein, hepatitis B surface antigen (HBsAg),
Antibody hepatitis B surface (Anti-HBs), anti-hepatitis C virus
antibody, (anti-HCVAb), Serum aminotransferases: ALT and AST,
and ICG test were checked.

Anatomical liver resection, multiple wedge resections, or en-
bloc resection was performed according to tumor location and
size. Intraoperative sonography was used to see peripheral blood
vessels, tumor depth, and satellite nodules [29].

2.3. Classification of multiple HCC's

Recent studies divided multifocal HCC into intrahepatic metas-
tasis (IM) and multicentric origin type (MO) [6,9,28]. In the present
study, we arbitrarily divided the patients into A and B type ac-
cording to the gross growth pattern of the tumors [29]. Those with
multiple small nodules that were close to each other or one huge
tumor with satellite nodules were classified as type A; while those
having two or more tumors scattering in separate segments were
classified as type B. (Fig. 1). Type A tumors can be removed with
lobectomy, segmentectomy orwedge resection in one block; Type B
tumors can be removedwithmultiple wedge resections in different
segments of liver or extended hepatectomy.

2.4. HAIC regimen

A temporary catheter was introduced by the radiologist through
left subclavian artery and the tip of the catheter was placed in the
proper hepatic artery. The patients received hepatic arterial infu-
sion of chemotherapy via an intra-arterial pump within 3 months
after surgery [10,22].

The regimen of HAIC consisted of infusion with chemotherapy
for 5 days.: Cisplatin (10 mg/m2, for 30 min) in 100 mL of 0.9%
normal saline, was infused for 5 days; 5-FU (150 mg/m2, for 24 h) in
250 mL of 0.9% normal saline with Leucovorin (15 mg/m2, for
30 min) was infused for 5 days; Epirubicin (15 mg/m2, for 30 min)
in 100 mL of 0.9% normal saline was infused on Day1 and Day5.

This HAIC regimen has been used to treat those patients with
huge unresectable HCC in our institute, and some patients had good
response [15,24]. During the designated period in the present
study, our tumor board agreed to perform adjuvant HAIC after
curative resection of HCC for those with high risk factors such as
microvascular invasion or later tumor stage.

2.5. Follow-up

All patients received CT or MRI scans within one month after
surgery andwere followed up every 3months after the surgery. RFA
or PEI was performed for those with no more than 3 recurrent

Fig. 1. Classification of Multiple HCC.
Type A: multiple small nodules that were close to each other or huge tumor (>¼5 cm)
with satellite nodules that involved three or more segments. Type B: three or more
tumors that were scattered in separate segments.
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