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Abstract

Hepatocellular carcinoma is one of the leading causes of
cancer-related death both in Japan and globally. In the ad-
vanced stage, hepatic arterial infusion chemotherapy (HAIC)
is one of the most commonly used treatment options for liv-
er cancer in Japan, and implantation of a catheter system
(called a port system) in the body is a treatment method that
has evolved mainly in Japan. The Guideline Committee of

the Japanese Society of Interventional Radiology and the
Japanese Society of Implantable Port Assisted Treatment
jointly published clinical practice guidelines for HAIC with a
port system to ensure its appropriate and safe performance
in Japanesein 2018. We have written an updated English ver-
sion of the guidelines with the aim of making this treatment
widely known to experts globally. In this article, the evi-
dence, method, indication, treatment regimen, and mainte-
nance of the system are summarized.
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Introduction

Hepatic arterial infusion chemotherapy (HAIC)
has been performed to treatliver cancer in many coun-
tries; however, it is less frequently performed in West-
ern countries than in Asian countries because of the
lack of evidence of a survival benefit. HAIC has been
adapted to the treatment algorithm in the Japan Soci-
ety of Hepatology (JSH) practice guidelines for hepa-
tocellular carcinoma (HCC) as well as Taiwanese
guidelines; conversely, this method has not been in-
cluded in practice guidelines in other countries, such
as the American Association for the Study of Liver
Diseases (AASLD), European Association for the
Study of the Liver (EASL), and Asian Pacific Associa-
tion for the Study of the Liver (APASL) guidelines [1-
5]. Also, it has not been included in practice guidelines
from the international society for medical oncology,
such as the American Society of Clinical Oncology
(ASCO) or European Society for Medical Oncology
(ESMO) [6, 7]. In Japan, HAIC is considered an effec-
tive treatment option for liver tumors, and it is widely
performed. In addition, the regimen of HAIC varies
by country; therefore, there is no uniform regimen
worldwide. Meanwhile, the literature describing the
current proper HAIC methodologies is insufficient.
This clinical practice guideline specific to HAIC with
a port system was established by the Japanese Society
of Interventional Radiology (JSIR) and the Japanese
Society of Implantable Port Assisted Treatment (JSI-
PAT) in collaboration with JSH to provide a consensus
statement on HAIC. The purposes of this document
were to provide a deep understanding of HAIC with a
port system and to ensure the standardization and
safety of HAIC worldwide.

Target Audience

This guideline was established to ensure the appropri-
ate and safe performance of HAIC with a port system by
medical professionals who treat liver cancer.

Method of Guideline Development

We first searched the literature on HAIC with a port
system. On October 24, 2020, PubMed was searched us-
ing the terms “intra-arterial chemotherapy” and “hepatic
arterial infusion.” No publication date was specified in
the search, and 653 references were retrieved.
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The committee members performed a manual search
of the abstracts identified in PubMed as a primary screen-
ing in reference to the JSH “Clinical Practice Guidelines
for Hepatocellular Carcinoma 2017,” and 94 relevant pa-
pers were identified. Another search of studies written in
Japanese identified seven additional references. In total,
101 references were therefore reviewed in the develop-
ment of these guidelines.

The strengths of the level of evidence and recom-
mendations were stipulated according to the Grading
of Recommendations Assessment, Development, and
Evaluation system recommended by “Minds Handbook
for Clinical Practice Guideline Development 2014” to
fill the gap between evidence and clinical practice as fol-
lows [8, 9]: Strength of recommendation: strong, weak.
Summary of the level of evidence: A, strong; B, moder-
ate; C, weak; D, very weak. For clinical questions that
lacked studies with a strong level of evidence and that
were difficult to evaluate objectively, the recommenda-
tions were based on the consensus of the committee
members.

Key Clinical Questions
Key questions frequently faced in clinical settings were

proposed by the committee members, who are profes-

sionally engaged in the treatment of HAIC. The key clin-

ical questions identified were as follows:

1. What is HAIC with a port system?

2. What are the indications for HAIC with a port system
in HCC?

3. What regimens should be used in HAIC with a port
system for HCC?

4. What are the therapeutic outcomes of HAIC with a
port system for HCC?

5. What therapies can be combined with HAIC with a
port system for HCC?

6. What are the indications of HAIC with a port system
for liver metastases?

7. What regimens should be used in HAIC with a port
system for metastatic liver cancer?

8. What are the therapeutic outcomes of HAIC with a
port system for liver metastases?

9. What are the complications and treatments of HAIC
with a port system?

10.What is the appropriate method for implanting the
catheter and port system?

11.How should an implanted catheter and port system be
managed after placement?

12.For which clinical conditions should HAIC with a port
system be suspended or discontinued?

Ueshima et al.



1. What Is HAIC with a Port System?

Statements

HAIC with a port system is a treatment method for
liver neoplasms, with the port system enabling the direct
injection of chemotherapeutic agents into target lesions
in the liver. The difference between HAIC and a one-shot
intra-arterial injection is that continuous administration
of time-dependent cytotoxic antitumor agents such as
5-fluorouracil can be performed easily and safely.

Commentary

The port system was developed to allow patients to re-
ceive repeated injections of chemotherapeutic agents
safely and easily without compromising their quality of
life. This port system is called a “reservoir” or “port.”

The system consists of a catheter and a port. Generally,
the port is a device defined according to the following
conditions: (1) it is connected to a catheter placed in a
vessel, and the catheter system is suitable for placement
in the body over along period; (2) it has an internal cham-
ber that directly communicates with the internal lumen
of the catheter, and after subcutaneous placement, it en-
ables repeated puncture to inject a drug or drain body
fluid via percutaneous puncture; and (3) it does not have
a pump function for continuous injection or drainage
[10]. The port was developed in the United States and Ja-
pan and was first reported in 1982 in both countries [11-
13].

HAIC with a port system uses the aforementioned fea-
tures to administer treatments for liver neoplasms, with
the port system enabling the direct injection of chemo-
therapeutic agents into the target lesions in the liver
through the hepatic artery. The device used in HAIC with
a port system was first reported by Arai et al. [11].

Another type of port system is System-I [14], which
enables a microcatheter to be repeatedly inserted into the
artery via percutaneous puncture. The microcatheter in-
serted via System-I is guided to the feeding artery of the
target lesion and is used to inject drugs or embolic agents.

HAIC without a port system has also been described.
It is used when administering concentration-dependent
anticancer drugs such as cisplatin and epirubicin, and it
is less invasive to patients. However, if repeated doses are
required, a port system may be used in consideration of
patient convenience.

HAIC has the advantage of cost-effectiveness. For ex-
ample, regarding HCC treatment in Japan as of Decem-
ber 2021, the cost of low-dose 5-fluorouracil and cispla-
tin (FP) therapy is JPY 53,488 (USD 465 converted at 115
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yen per USD) per course in patients with a body surface
area of 1.75 m? (170 cm, 65 kg). Conversely, sorafenib,
lenvatinib, and atezolizumab plus bevacizumab carry
costs of JPY 533,568 (USD 4639), JPY 338,495 (USD
2943), and JPY 898,235 (USD 7811), respectively. There-
fore, HAIC is extremely inexpensive compared with oth-
er systemic chemotherapies (online suppl. Table S1; see
www.karger.com/doi/10.1159/000524893 for all online
suppl. material).

2. What Are the Indications for HAIC with a Port
System in HCC?

Recommendations

HAIC with a port system is generally indicated for pa-
tients with multiple intrahepatic lesions or vascular inva-
sion. However, HAIC may also be an option even in pa-
tients with extrahepatic metastasis when intrahepatic le-
sions or vascular invasion determine the patient’s
prognosis. However, HAIC with a port system may be the
better treatment option for patients with treatment-naive
major vascular invasion because of its greater local con-
trol of vascular invasion. In addition, HAIC with a port
system is the most suitable treatment option for patients
with poor liver function, such as Child-Pugh class B not
indicated for systemic chemotherapy (weak recommen-
dation, level of evidence C; Fig. 1).

Commentary

HAIC with a port system is generally indicated for
patients with multiple intrahepatic lesions or vascular
invasion. However, HAIC may also be an option in pa-
tients with extrahepatic metastasis when intrahepatic
lesions or vascular invasion influence the patient’s
prognosis. Thus, in such situations when patients have
Child-Pugh class A liver function, systemic chemo-
therapy such as atezolizumab plus bevacizumab [15],
sorafenib [16], or lenvatinib [17] is ordinarily the first
treatment choice [18]. In that sense, HAIC is indicated
for patients who are refractory to standard systemic
chemotherapy. However, HAIC with a port system may
be the better candidate treatment option for patients
with treatment-naive major vascular invasion because
of its greater local control of vascular invasion. In addi-
tion, HAIC with a port system is the most suitable treat-
ment option for patients with poor liver function, such
as Child-Pugh class B not indicated for systemic che-
motherapy. Next, we will describe the tumor situations
in which HAIC is indicated and characterize them by
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Indication of Hepatic arterial infusion chemotherapy with a port system for hepatocellular carcinoma

Stage

Child-Pugh A Child-Pugh B

(Score 7-8)

Intermediate stage

x Not suitable [J Good candidate

(Molecular targeted agents preferred)

Advanced stage
with macrovascular invasion

Naive case

TACE failure/refractoriness case

O Recommended [0 Good candidate

x Not suitable [0 Good candidate

(Molecular targeted agents preferred)

Advanced stage

with extrahepatic spread

(If intrahepatic lesions or vascular

invasion influences the patient’s prognosis)

=R D

[J Good candidate [0 Good candidate

Fig. 1. Indications of HAIC with a port system for HCC.

tumor factors, liver function, clinical characteristics,
and other factors.
1. Tumor size/tumor number and distribution

A maximum tumor size of 25 cm is reported to be as-
sociated with more rapid progression and poorer progno-
sis [19], although other studies reported no difference in
progression-free survival (PFS) compared with the find-
ings in patients with tumor sizes of 210 cm [20-22]. How-
ever, most of the studies that found no difference in PFS
did not examine the outcomes of HAIC alone. A large
tumor size may lead to poor drug distribution and insuf-
ficient local drug concentrations inside the tumor. There-
fore, careful consideration should be given to the use of
HAIC in patients with large tumors. It was reported that
the objective response rate (ORR) and overall survival
(OS) were lower in bilobar multiple HCC than in hemi-
lobar HCC [20]; however, there is insufficient evidence to
comment on differences in the efficacy of HAIC accord-
ing to the tumor distribution.
2. Tumor volume and tumor occupation rate

Patients with a tumor volume >400 mm? were found
to have inferior OS (hazard ratio [HR] = 2.520, 95% con-
fidence interval [CI] = 1.252-5.072, p=0.01), but PFS and
ORR data were not reported [23]. When tumors occupied
>50% of the liver, HAIC was associated with poor ORR,
which affected OS [21]. In univariate analysis, an occupa-
tion rate 250% affected tumor progression and the ORR
of HAIC, although multivariate analysis did not identify
any significantly associated factors [19, 24]. Thus, it is dif-
ficult to reach any firm conclusions regarding the effects
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of the tumor occupation rate on the efficacy of, or indica-
tions for, HAIC.
3. Macroscopic growth pattern

No significant correlation was reported between the
macroscopic growth pattern and the therapeutic effect of
HAIC with a port system using lipiodol in combination
with unspecified cytotoxic antitumor agents [20]. Fur-
thermore, univariate analysis of HAIC for nodular and
non-nodular lesion types found a significant effect on OS,
although no difference was observed in multivariate anal-
ysis [19]. The authors did not discuss any relationship
with a direct antitumor effect.
4. Patients with portal vein invasion

A phase III randomized controlled trial (RCT) was
conducted in Japan to verify the additional effect of
HAIC with a port system using low-dose FP (SILIUS tri-
al). The results did not meet the primary endpoint, but a
sub-analysis suggested that HAIC with a port system had
an additional effect in patients with HCC and main por-
tal invasion [25]. Another phase III study from China
reported that combining sorafenib with HAIC using ox-
aliplatin + 5-fluorouracil + leucovorin improved OS ver-
sus sorafenib alone in patients with portal vein invasion
[22]. Furthermore, retrospective studies recorded posi-
tive outcomes for HAIC in comparison with sorafenib,
suggesting that HAIC may have provided a survival ben-
efit in patients with HCC and portal vein invasion [19,
26, 27].

The pathological condition of portal vein invasion can
be classified into two patterns: portal vein invasion caused

Ueshima et al.



by the ineffectiveness of transcatheter arterial chemoem-
bolization (TACE) and treatment-naive portal vein inva-
sion. It has been reported that the OS in patients with
portal vein invasion caused by TACE is much shorter
than that in patients with treatment-naive portal vein in-
vasion (7 months vs. 13.4 months), and the ORR is also
lower in patients with portal vein invasion caused by
TACE (18% vs. 39%). This means that HAIC with an im-
planted port system is suitable for cases of treatment-na-
ive portal invasion.

However, a number of new regimens for HCC have
recently been approved. Lenvatinib was linked to a high-
er ORR than sorafenib as well as non-inferior OS [17]. A
phase III trial of lenvatinib excluded patients with main
portal invasion and an intrahepatic tumor occupation
rate >50%, meaning that its efficacy and safety have not
been verified for these tumor conditions. However, in
clinical settings, lenvatinib is widely used for advanced
HCC with portal vein invasion. Atezolizumab plus beva-
cizumab produced a survival benefit compared with
sorafenib alone in the IMbravel50 trial [15]. In this
study, approximately 40% of patients had major portal
invasion, and atezolizumab plus bevacizumab is current-
ly the first treatment option for patients with portal vein
invasion. Because the number of available treatment op-
tions has increased, it is necessary to thoroughly consid-
er whether HAIC or systemic therapy should be used in
patients with Child-Pugh class A HCC and portal vein
invasion, for which molecular targeted agents are indi-
cated, although HAIC with a port system is indicated for
patients with Child-Pugh class B HCC and portal vein
invasion.

5. Patients with hepatic vein invasion

In cases of HCC with hepatic vein invasion, an intra-
hepatic lesion response to HAIC with a port system in
combination with radiation therapy was found to im-
prove prognosis [21]. However, there is no consensus on
the usefulness of HAIC in HCC with hepatic vein inva-
sion.

6. HCC refractory to TACE

The outcomes of TACE-refractory patients following
propensity score matching were significantly better with
sorafenib treatment than with HAIC with a port system
[28]. In another report, a TACE-refractory status was
identified as a contributing factor to OS (HR = 1.6, 95%
CI = 1.09-2.4, p = 0.04) [29]. These results indicate that
HAIC may not be suitable for TACE-refractory patients.
7. Patients with poor liver function

HAIC with a port system can be safely performed with
modest efficacy in patients with Child-Pugh B liver func-
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tion, but the ORR and OS are insufficient in patients with
a Child-Pugh score of 9 [24, 30]. Furthermore, HAIC
with a port system will occasionally improve liver func-
tion from Child-Pugh B to Child-Pugh A when a re-
sponse occurs [30].

8. Progression after systemic chemotherapy

With the advancement of systemic chemotherapy for
HCC in recent years, multiple systemic chemotherapeu-
tic regimens have become available [15-17, 31-33].
Therefore, in cases of first-line therapy failure, if the pa-
tient still has Child-Pugh A liver function, another che-
motherapeutic agent is indicated as a second-line therapy
[18].

However, if liver function deteriorates to Child-
Pugh B, systemic chemotherapy is not applicable. In
such a case, HAIC may be the better treatment candi-
date in patients with Child-Pugh B. For example, rela-
tively positive outcomes have been reported for HAIC
with a port system after sorafenib, with an ORR of
29.6% and an OS of 7.6 months [34]. HAIC may even
be tolerated in patients with Child-Pugh B liver func-
tion as a later-line therapy. However, no therapeutic ef-
fects of HAIC have been reported except after sorafenib
therapy.

9. Patients with extrahepatic lesions

Extrahepatic lesions were not identified as an indepen-
dent prognostic factor for OS following HAIC [7], and
the presence or absence of extrahepatic lesions did not
impact the prognosis in patients with portal vein invasion
(median OS: 8 months for extrahepatic spread [EHS] [-]
vs. 5 months for EHS [+], p = 0.201) [11], suggesting that
HAIC affects survival, even in the presence of extrahe-
patic lesions. However, HAIC is generally ineffective
against extrahepatic lesions, the presence of which was
identified as a significant factor related to disease pro-
gression (HR = 1.748, 95% CI = 1.153-2.646, p = 0.008)
and shorter OS (EHS [-] vs. [+]; HR = 0.543, 95% CI =
0.356-0.829, p = 0.0046) [20]. These results indicate that
the use of HAIC should be given careful consideration in
patients with extrahepatic lesions.
10.Etiology of liver disease

Several studies reported that the effects of HAIC with
a port system were relatively better in patients with hepa-
titis C-related HCC (hepatitis C [+] vs. hepatitis C [-]:
odds ratio = 16.886, p = 0.010; hepatitis C [+] vs. hepatitis
C [-]: odds ratio = 2.436, p = 0.005) [9, 12]; however,
other studies did not observe a significant difference,
which indicates the lack of a consensus.
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Interferon-a and 5-fluorouracil combination therapy (IFN/5FU)

PEG-Interferon-a and 5-fluorouracil combination therapy (PEG-IFN/5FU)

Day 1 Day2 Day3 Day4 Day5 Day6 Day7

IFNa (sc) 5MU 1 i | 1
Fluorouracil (ia) 300 mg/body/day ——

5 days continuous

Day 1 Day2 Day3 Day4 Day5 Day6 Day7
PEG-IFNa (sc) 90 pg/body 1 |
Fluorouracil (ia) 300 mg/body/day 4 N

14

5 days continuous

Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14

IFNa (sc) 5MU 3 3 3 PEG-IFNa (sc) 90 pg/body [l

Fluorouracil (ia) 250 mg/body Fluorouracil (ia) 250 mg/body é N
(3-5 hours) EEEE—— (3-5 hours) N v

a sc: subcutaneous infusion, ia: intra-arterial infusion b

Low-dose cisplatin and 5-fluorouracil (Low-dose FP)

Low-dose cisplatin and 5-fluorouracil (SILIUS regimen)

Day 1 Day2 Day3 Day4 Day5 Day6 Day7 Day1 Day2 Day3 Day4 Day5 Day6 Day7
CDDP (ia) 10 mg/body ‘ ‘ CDDP (ia) 20 mg/m?
(30min) ‘ ‘ ‘ (15 min) ‘
Fluorouracil (ia) 250 mg/body Fluorouracil (la) 330 mg/m?/day < ————)
(3-5hours) ‘ ‘ ‘ ‘ ‘ (5 days continuous)
Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14 Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14
CDDP (ia) 10 mg/body CDDP (ia) 20 mg/m?
(30min) ‘ ‘ ‘ ‘ ‘ (15 min) ! .
Fluorouracil (ia) 250 mg/body Fluorouracil (ia) 330 mg/mz/day N 4
(3-5hours) ‘ ‘ ‘ ‘ ‘ (5 days continuous)
Day 15 Day 16 Day 17 Day 18 Day 19 Day 20 Day 21 Day 15 Day 16 Day 17 Day 18 Day 19 Day 20 Day 21
CDDP (ia) 10 mg/body CDDP
(30min) 3§ & 3 3 3
Fluorouracil (ia) 250 mg/body Fluorouracil
(3-5hours) ‘ ‘ ‘ ‘ ‘
Day 22 Day 23 Day 24 Day 25 Day 26 Day 27 Day 28 Day 22 Day 23 Day 24 Day 25 Day 26 Day 27 Day 28
CDDP (ia) 10 mg/body ‘ ‘ ‘ ‘ ‘ CDDP
(30min)
Fluorouracil (ia) 250 mg/body Fluorouracil
(3-5hours) ‘ ‘ ‘ ‘ ‘
CDDP: cisplatin, ia: intra-arterial infusion CDDP: cisplatin, ia: intra-arterial infusion
In the SILIUS study, this regimen was administered
4 d with sorafenib in the dose of 800 mg daily
New FP r 1 on admissi

Day1 Day2 Day3 Day4 Day5 Day6 Day7
Lipiodol - CDDP CDDP 50 mg/body g
suspension (ia) Lipiodol 5-10 mL
Fluorouracil (ia) 250 mg/body L
Fluorouracil (ia) 1,250 mg/m? 4 N
(5 days continuous)
Day 8 Day 9 Day 10 Day 11 Day 12 Day 13 Day 14
Lipiodol — CDDP CDDP 50 mg/body §
suspension (ia) Lipiodol 5-10 mL
Fluorouracil (ia) 250 mg/body 4
Fluorouracil (ia) 1,250 mg/m?
(5 days continuous)

CDDP: cisplatin, ia: intra-arterial infusion

New FP regimen on out-patient department

Day 1 Day 15 Day 29
Lipiodol — CDDP CDDP 20-35 mg and 3 3 3
suspension Lipiodol 2-5 mL/body
Fluorouracil (ia) 500-1,000 mg/body § 1 i |
1,250 mg/m?
(5 days continuous)
e Every two weeks

Fig. 2. a IFN/5FU. b PEG-IFN/5FU. ¢ Low-dose cisplatin and 5-fluorouracil (Low-dose FP). d Low-dose cispla-
tin and 5-fluorouracil (SILIUS regimen). e New FP regimen. IFN/5FU, interferon-alpha and 5-fluorouracil com-

bination therapy; PEG-IFN/5FU, PEG-interferon-alpha and 5-fluorouracil combination therapy.

11.Tumor markers

Some studies reported that alpha-fetoprotein and pro-

tein induced by vitamin K absence II (also known as des-
y-carboxyprothrombin) were related to OS [11, 12], but
other studies found no association with OS [8, 9, 14, 15,

412

Liver Cancer 2022;11:407-425
DOI: 10.1159/000524893

20]. In addition, alpha-fetoprotein and protein induced
by vitamin K absence II were not found to be related to
ORR [12, 14]. Therefore, it is not necessary to consider

tumor marker levels for HAIC.
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3. What Regimens Should Be Used in HAIC with a
Port System for HCC?

Recommendation
Regimens that use FP are recommended (strong rec-
ommendation, level of evidence C).

Commentary

A wide variety of HAIC regimens have been reported,
including the use of single drugs or combination regi-
mens such as doxorubicin, epirubicin, mitomycin C,
5-fluorouracil, zinostatin stimalamer, cisplatin, miripla-
tin, and oxaliplatin. Generally, 5-fluorouracil-based regi-
mens such as low-dose FP are used. Moreover, the effec-
tiveness of the FOLFOX regimen using oxaliplatin, 5-flu-
orouracil,and leucovorin hasrecentlybeen demonstrated.
The currently used regimens for HCC are described in the
following sections.

Combined Interferon and Intra-Arterial

5-Fluorouracil

This therapy consists of systemic interferon and intra-
arterial 5-fluorouracil (Fig. 2a, b). Previous studies on
combined interferon and intra-arterial 5-fluorouracil re-
ported ORRs of 24.6%-73% and OS times of 6.9-14.7
months [35-44]. A retrospective study that compared
combined interferon and intra-arterial 5-fluorouracil to
a historical control observed a significant improvement
in survival (1-year survival: 34% vs. 15%; 2-year survival:
18% vs. 5%, p < 0.01) [38].

A phase II trial on the effect of adding cisplatin to com-
bined interferon and 5-fluorouracil observed a significant
improvement in ORR and PFS versus interferon and
5-fluorouracil alone (ORR: 45.6% vs. 24.6%, p = 0.030;
PES: 6.5 months vs. 3.3 months, p = 0.0048) [41]. How-
ever, a phase II trial that compared combined interferon
and 5-fluorouracil with the best salvage therapy (intra-
arterial cisplatin or low-dose FP) did not produce a supe-
rior ORR (ORR: 26.7% vs. 25.8%) [42].

Low-Dose FP Therapy (Fig. 2c, d)

Low-dose FP therapy consists of low-dose cisplatin
and continuous intra-arterial 5-fluorouracil. Previous
studies on cisplatin (including high dose of cisplatin) plus
5-fruorouracil HAIC with a port system reported ORRs
of 20%-71% and median OS times of 7.3-15.9 months
[27, 44-53].

A propensity score analysis of patients with HCC reg-
istered to a nationwide database managed by the Liver
Cancer Study Group of Japan found that low-dose FP

Guidelines for Hepatic Arterial Infusion
Chemotherapy with a Port System

therapy was associated with a better prognosis than best
supportive care (HR = 0.60, p < 0.0001), and low-dose FP
therapy was also associated with a good prognosis in pa-
tients with four or more nodules or portal vein invasion
[53]. A propensity score analysis comparing sorafenib
and HAIC (mainly low-dose FP therapy) did not find sig-
nificant differences in PFS or OS [19].

A retrospective study observed a better ORR with low-
dose FP therapy than with sorafenib (30.9% vs. 4.8%) but
no significant difference in OS [29]. However, after ad-
justing for portal vein invasion, OS was significantly lon-
ger in the low-dose FP group than in the sorafenib group
(14 months vs. 7 months, p = 0.005).

A retrospective study that focused on portal vein inva-
sion and refractoriness to TACE observed significantly
better median OS with low-dose FP therapy than with
sorafenib among non-TACE-refractory patients with
portal vein invasion (13 months vs. 6 months). By con-
trast, among TACE-refractory patients without portal
vein invasion, OS was significantly worse in the low-dose
FP group than in the sorafenib group (8 months vs. 20
months) [29].

A retrospective trial comparing sorafenib and low-
dose FP therapy in patients with portal vein invasion ob-
served significantly better prognoses in the low-dose FP
group than in the sorafenib group (OS: 309 days vs. 120
days) [27]. A phase III RCT to verify the additional effect
of HAIC with a port system using low-dose FP (SILIUS
trial) found a significantimprovement in PFS (5.3 months
vs. 3.5 months, p = 0.004) but not in OS (11.8 months vs.
11.5 months, p = 0.955). However, a sub-analysis suggest-
ed an additional effect of low-dose FP therapy among pa-
tients with main portal vein invasion (OS: 11.4 months vs.
6.5 months, p = 0.050) [25].

New FP Therapy (Fig. 2e)

The new FP therapy was conceived by Nagamatsu et
al. [20]. This regimen consists of an arterial injection of
powdered cisplatin with lipiodol followed by continuous
intra-arterial 5-fluorouracil. Nakano and Niizeki con-
ducted a nonrandomized prospective study of sorafenib
and new FP therapy [54]. Twenty patients with HCC with
no extrahepatic spread and macroscopic vascular inva-
sion were treated with sorafenib, and 44 were treated with
the new FP therapy. OS was significantly lower in the new
FP group than in the sorafenib group (25 months vs. 13
months, p = 0.0131). The ORR of the new FP group was
also significantly longer than that of the sorafenib group
(71% vs. 10%).
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Table 1. Results of HAIC with a port system for HCC

Regimen n ORR, %  TTP, PFS, oS, Author Year Ref. No
months months months

Combined systemic interferon and continuous intra-arterial 5-fluorouracil
5FU+interferon-a 11 73 ND ND - Sakon M 2002 [33]
5FU+interferon-a 55 436 ND 5.2 11.8 OtaH 2005 [35]
5FU+interferon-a 28 57.1 ND ND - Enjoji M 2005 [34]
5FU+interferon-a 116 52 ND ND 6.9 Obi S 2006 [36]
5FU+interferon-a 31 29 5.8 ND 7.5 Uka K 2007 [37]
5FU+interferon-a 102 39.2 ND 2 9 Nagano H 2011 [38]
5FU+interferon-a 57 24.6 ND 33 10.5 YamashitaT 2011 [39]
5FU+interferon-a 34 26.7 ND 35 8.4 Monden M 2012 [40]
5FU+Pegylated-interferon-a 55 44 ND 12.5 14.7 Wu J 2015 [41]

Low-dose FP therapy
CDDP+5FU 31 71 ND ND - Okuda K 1999 [43]
CDDP+5FU 48 48 ND ND 10.2 Ando E 2002 [44]
CDDP+5FU 15 20 ND ND 7.3 Yamasaki T 2005 [46]
CDDP+5FU 52 38.5 4.1 ND 15.9 Ueshima K 2010 [48]
CDDP+5FU 71 35 ND ND 10.2 Niizeki T 2012 [50]
CDDP+5FU 476 40.5 ND ND 13.9 Nouso K 2013 [51]
CDDP+5FU 32 31.3 ND ND 309 days MoriguchiM 2017 [25]
*CDDP+5FU 38 8 ND ND 6 Cheong JY 2005 [45]
*CDDP+5FU 41 22 7 ND 12 Park JY 2007 [47]
*CDDP+5FU 97 27.8 ND 6 9.5 Kim BK 2011 [49]

New FP therapy
5FU+CDDP+Lipiodol 51 86.3 - 8 33 NagamatsuH 2010 [18]
5FU+CDDP+Lipiodol 52 75 - 8.6 27 NagamatsuH 2016 [58]
5FU+CDDP+Lipiodol 44 71 - 9.5 304 Nakano M 2017 [52]

Combined sorafenib and low-dose FP therapy
5FU+CDDP+Sorafenib 102 36 5.3 4.8 11.8 Kudo M 2018 [23]

ORR, objective response rate; TTP, time to response; PFS, progression-free survival; OS, overall survival; 5FU, 5-fluorouracil; CDDP,

cisplatin. * High dose cisplatin+5FU.

Others

A phase I/II trial of combination 5-fluorouracil + mi-
toxantrone + cisplatin therapy for advanced HCC report-
ed an ORR of 25%, PFES of 7.0 months, and OS of 11.3
months. Regarding grade 3/4 adverse events, 39% of pa-
tients exhibited neutropenia, 36% exhibited leukocytope-
nia, and 22% exhibited elevated AST [55].

A retrospective study that compared HAIC with a port
system using FOLFOX to sorafenib found that HAIC sig-
nificantly improved patient prognosis (PFS: 7.1 months
vs. 3.3 months, p < 0.001; OS: 14.5 months vs. 7.0 months,
p < 0.001) [56]. A phase II trial comparing HAIC using
mFOLFOX to TACE observed significant improvements
in the HAIC group (disease control rate: 83.8% vs. 52.5%,
p =0.004; PFS: 5.87 months vs. 3.6 months, p = 0.015) and
significantly fewer grade 3/4 adverse events (12 vs. 27,
p =0.007) [57].
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A phase II trial of combined sorafenib and HAIC using
FOLFOX for patients with portal vein invasion reported
an ORR of 40%, a disease control rate of 77.1%, a PFS of
6.7 months, and an OS of 13.2 months [58]. A phase III
study found that sorafenib combined with HAIC using
FOLFOX resulted in better OS than sorafenib alone in
patients with portal vein invasion; however, femoral ar-
tery puncture and catheterization were performed every
cycle, and a port system was not used in the trial [22].

4. What Are the Therapeutic Outcomes of HAIC with
a Port System for HCC?

Statements

The therapeutic outcomes of HAIC with a port system
vary depending on the regimen. Its local therapeutic ef-
fect is relatively high. With the commonly used low-dose

Ueshima et al.



EP therapy, the response rates range from 24.5% to 71%
(27, 45, 46, 48, 50, 52, 53]. However, HAIC with a port
system has produced little evidence of a survival benefit.

Commentary

The regimens used in HAIC with a port system for
HCC are (1) combined interferon and intra-arterial 5-flu-
orouracil, (2) low-dose FP therapy, (3) new-FP therapy,
and (4) combined sorafenib and low-dose FP therapy.
The results of each treatment are summarized in Table 1.
1. Combined systemic interferon and continuous intra-

arterial 5-fluorouracil

Combination therapy with systemic interferon and in-
tra-arterial 5-fluorouracil has been reported since 2002
[35-38, 40-43, 59], and the published studies examined
8-116 patients with portal vein invasion rates of 25%-—
100%. The ORRs ranged from 24.6% to 73%, and OS
ranged from 6.9 to 14.7 months.

Obi et al. [38] reported the results of 116 patients with
advanced HCC and portal vein invasion. The ORR was
52%, and OS was 6.9 months, which were better than the
outcomes of untreated historical controls [38]. Yamashi-
ta et al. [41] reported an RCT comparing systemic inter-
feron and continuous intra-arterial 5-fluorouracil with
and without cisplatin in 114 patients with advanced HCC
and a portal vein invasion rate of 27.5%. Systemic inter-
feron and continuous intra-arterial FP produced a sig-
nificantly higher ORR of 45.6% and OS of 17.6 months
than systemic interferon and continuous intra-arterial
5-fluorouracil without cisplatin (ORR = 24.6%, OS = 10.5
months) [41].

2. Low-dose FP therapy

Low-dose FP therapy has been reported since 1999
[27, 45, 46, 48, 50, 52, 53], and studies have examined
31-114 patients with portal vein invasion rates of 26.4%-
100%. The ORRs ranged 20%-71%, and OS ranged 7.3-
15.9 months.

Niizeki et al. [52] conducted a retrospective analysis of
71 patients with advanced HCC and portal vein invasion
and reported an ORR of 35% and an OS of 10.2 months.
However, these studies were retrospective cohort studies
as opposed to RCTs. The evidence level for this therapy is
therefore not high [52].

3. New FP therapy

Three studies have reported new FP therapy [20, 54,
60]. Nakano et al. [54] conducted a nonrandomized pro-
spective study that compared sorafenib with new FP ther-
apy [54]. Twenty patients with HCC and vascular inva-
sion but without distant metastasis received sorafenib,
whereas 44 patients received new FP therapy. The median

Guidelines for Hepatic Arterial Infusion
Chemotherapy with a Port System

OS was 13.2 months with sorafenib, versus 30.4 months
with new FP therapy. The new FP therapy produced a
significant improvement in OS (p = 0.013) and a signifi-
cant antitumor effect. The ORR was 10% with sorafenib,
vs. 71% with the new FP therapy.

4. Combined sorafenib and low-dose FP therapy

Kudo et al. [25] conducted an RCT comparing
sorafenib alone with sorafenib plus HAIC with a port sys-
tem using a low-dose FP regimen for the treatment of
advanced HCC, mainly including patients with portal
vein invasion. Sorafenib combined with low-dose FP
therapy was administered to 102 patients, and sorafenib
alone was administered to 103 patients. The ORR for the
combination therapy was 36%, versus 18% for sorafenib
alone, with the difference being significant. However, the
OS rates in the combination and monotherapy groups
were 11.8 and 11.5 months, respectively, with no signifi-
cant difference observed.

A sub-analysis performed in this trial revealed that
median OS in patients with main portal vein invasion was
11.4 months in those treated with sorafenib combined
with low-dose FP therapy, versus 6.5 months (4.5-8.4) in
those treated with sorafenib monotherapy (HR = 0.493,
95% CI = 0.240-1.014, p = 0.050). These results suggest
that sorafenib combined with low-dose FP therapy might
improve OS in patients with HCC and main portal vein
invasion in comparison with sorafenib monotherapy.

5. What Therapies Can Be Combined with HAIC with
a Port System for HCC?

Recommendations

Molecular targeted agents can be combined with
HAIC with a port system (weak recommendation, level
of evidence C).

Commentary

HAIC with a port system is widely used in patients
with advanced HCC and bilobar multiple tumors or por-
tal vein invasion. Molecular targeted therapy is also often
selected in such cases [15-17, 31-33]. HAIC has a strong
ability to shrink tumors; however, its survival benefit has
not been confirmed. By contrast, sorafenib has been
proven to extend survival, but its response rate is low.
Kudo et al. [25] conducted a phase III trial comparing
sorafenib monotherapy with sorafenib plus low-dose FP
combination therapy to verify the effect of HAIC on sur-
vival. OS was 11.5 months (95% CI = 8.2-14.8) in the
sorafenib monotherapy group, versus 11.8 months (95%
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CI = 9.1-14.5) in the sorafenib plus low-dose FP combi-
nation therapy group (HR = 1.009, 95% CI = 0.743-1.371,
p = 0.955). The safety of the combination therapy was
confirmed. In a sub-analysis of patients with portal vein
invasion, OS was 6.5 months (95% CI = 4.5-8.4) in the
sorafenib monotherapy group, versus 11.4 months (95%
CI = 7.0-15.9) in the sorafenib + low-dose FP combina-
tion therapy group, with the difference approaching sig-
nificance (HR = 0.493, 95% CI = 0.240-1.014, p = 0.050),
suggesting that HAIC has an additional effect on OS in
patients with major portal vein invasion. Because con-
ducting a large phase III trial on such a small patient
group is unrealistic, it will be difficult to verify the addi-
tional effect of HAIC in patients with major portal vein
invasion. Nevertheless, the use of this therapy appears to
be feasible in clinical practice, and combination therapy
with sorafenib and HAIC may be a safe and effective
treatment option for patients with HCC and major portal
vein invasion.

In addition, Ikeda et al. [61] reported that HAIC using
cisplatin without a port system combined with sorafenib
produced favorable OS versus sorafenib alone. The me-
dian survival times in the sorafenib alone and CDDP with
sorafenib arms were 8.7 and 10.6 months, respectively
(HR =0.60, 95% CI = 0.38-0.96, p = 0.031) [61].

It was recently reported that HAIC using the FOLFOX
regimen without a port system in combination with
sorafenib produced a survival benefit in patients with
HCC and major portal vein invasion [22, 57, 58]. Median
OS was 13.37 months in the HAIC with sorafenib group
versus 7.13 months in the sorafenib group (HR = 0.35,
95% CI =0.26-0.48, p < 0.001). HAIC using the FOLFOX
regimen combined with sorafenib was linked to longer
PES (7.03 months vs. 2.6 months) and a higher response
rate (40.8% vs. 2.46%, p < 0.001) than sorafenib alone
[22].

Ikeda et al. [62] presented at ESM02021 that HAIC
using cisplatin without a port system combined with len-
vatinib produced a favorable objective response and OS.
The ORRs according to modified RECIST and RECIST
v1.1 were 64.7% and 45.7%, respectively. In addition, the
median PFS and OS were 6.3 and 17.2 months, respec-
tively [62]. Therefore, lenvatinib may be a good candidate
drug for combination use with HAIC. The results of
HAIC in combination with molecular targeted agents are
summarized in Table 2.

All of the currently available regimens for HCC have
anti-VEGF activity. Inhibition of VEGF induces vascular
normalization and improves vascular permeability,
thereby reducing intratumoral interstitial pressure, im-
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proving drug delivery, and possibly enhancing the effect
of HAIC [63, 64]. Therefore, all agents with anti-VEGF
activity can be good candidates for combined use of
HAIC. Conversely, the cytotoxic effect of HAIC can in-
duce increased neoantigen production. Therefore, HAIC
in combination with an immune checkpoint inhibitor-
containing regimen such as atezolizumab plus bevaci-
zumab might represent a promising treatment that acti-
vates the immune system.

6. What Are the Indications of HAIC with a Port
System for Liver Metastases?

Recommendation

The indications for HAIC with a port system for the
treatment of liver metastases are as follows: (1) the pres-
ence of liver metastases affecting the prognosis; (2) dis-
ease refractory to systemic chemotherapy (or not indi-
cated); and (3) systemic chemotherapy not sufficiently
effective against liver metastases that affect the prognosis
(weak recommendation, level of evidence D).

Commentary

In HAIC with a port system, the presence or absence
of extrahepatic lesions affects the prognosis [65-67].
HAIC may be performed when intrahepatic lesions are
believed to have a greater impact on prognosis than ex-
trahepatic lesions, when lesions are refractory to system-
ic chemotherapy, when lesions are not indicated for sys-
temic chemotherapy, and when systemic chemotherapy
is not sufficiently effective against a liver metastasis that
affects the prognosis.

HAIC is sometimes considered in combination with
systemic chemotherapy. HAIC was not found to be useful
for preventing liver metastasis after resection, particular-
ly in patients with colorectal cancer [68], whereas it was
useful for reducing the risk of liver metastasis, although it
did not improve OS [69]. HAIC has sometimes been per-
formed in patients who were resistant to systemic chemo-
therapy, although its efficacy remains unclear [70-72].

7. What Regimens Should Be Used in HAIC with a
Port System for Metastatic Liver Cancer?

Recommendations

For liver metastases of colorectal cancer, weekly high-
dose 5-fluorouracil therapy or combined weekly high-
dose 5-fluorouracil therapy and systemic irinotecan is

Guidelines for Hepatic Arterial Infusion
Chemotherapy with a Port System

recommended (strong recommendation, level of evi-
dence C). There are insufficient data to provide recom-
mendations for other cancers (very weak recommenda-
tion, level of evidence D).

Commentary

Most studies on HAIC with a port system for liver me-
tastases were concerned with liver metastases of primary
colorectal cancer. However, some studies investigated liv-
er metastases from primary gastric, breast, pancreatic,
and biliary tract cancers (including gallbladder cancer
and cancer of the ampulla of Vater).

Outside Japan, 5-fluorodeoxyuridine (FUDR) is often
used for liver metastases of primary colorectal cancer [66,
73], although there are several reports from Japan on
weekly high-dose 5-fluorouracil therapy or other 5-fluo-
rouracil regimens. In a phase I/1I trial of weekly high-dose
5-fluorouracil therapy, the ORR was 78%, and the median
OS was 25.8 months (extrahepatic lesion no vs. yes: 25.9
monthsvs. 17.3 months) [65]. A retrospective study using
the same regimen found similar results. A phase I/1I trial
of a combination regimen featuring weekly high-dose
5-fluorouracil and systemic irinotecan recorded an ORR
0f 72% and a median OS of 49.8 months [74]. Other stud-
ies used irinotecan or oxaliplatin as part of the arterial
infusions [75, 76].

Regimens for liver metastases of gastric cancer are
based on 5-fluorouracil (intra-arterial 5-fluorouracil
only [77], 5-fluorouracil + epirubicin + mitomycin C
[FEM regimen] [78], and 5-fluorouracil + cisplatin [FP
therapy] [79]). The regimen for liver metastases of breast
cancer is the FEM regimen [80]. Regimens for liver me-
tastases of pancreatic cancer are intra-arterial 5-fluoro-
uracil combined with systemic gemcitabine [81] and in-
tra-arterial gemcitabine combined with systemic chemo-
therapy [82].

8. What Are the Therapeutic Outcomes of HAIC with
a Port System for Liver Metastases?

Statements

The therapeutic outcomes of HAIC with a port system
for liver metastases, which depend on the primary cancer
or treatment regimen, are consistent local control effects
in the liver with fewer systemic side effects than observed
for systemic chemotherapy. If intrahepatic metastatic le-
sions affect the prognosis, HAIC with a port system may
be considered.
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Table 3. Results of HAIC with a port system for metastatic liver cancer

Primary lesion Regimen N ORR,% DCR,% TTP, month OS, month Author Year  Ref.No.
Colon cancer 5FU+LVia 57 45 ND 9.2 18.7 Lorenz M 2000 [71]
FUDR ia 54 432 ND 5.9 12.7
5-FU+LV iv 57 19.7 ND 6.6 17.6
Colon cancer FUDR ia 68 47 64 53 244 Kemeny N 1992 [97]
5FU+LViv 67 24 45 6.8 20.0
Colon cancer 5FU ia 10 (Phase1) 80 100 ND ND Arai Y 1997 [63]
5FUia 32 (Phase2) 78 97 ND 25.8
Colon cancer 5FUia+ CPT-11iv 25 72 ND ND 49.8 Arai Y 2012 [72]
Colon cancer CPT-11ia 12 33 58 ND ND FiorentiniG 2003 [73]
Colon cancer L-OHP ia+FU/LV iv 28 64 75 27 (PFS) 27 Ducreux M 2005 [74]
Gastric cancer 5FUia 18 83.3 ND ND 19.2 OjimaH 2007 [75]
Gastric cancer 5FU+Epi-ADM+MMC ia 63 55.6 88.9 ND 10.5 Kumada T 1999 [76]
Gastric cancer CDDP+5FU ia 7 - ND ND 16.5 Yamakado 2005 [77]
Breast cancer 5FU+ADM+MMC ia/5FU+Epi-ADMia 56 81 ND ND 12.5 Arai Y 1994 [78]
Pancreatic cancer  5FUia + GEM iv 9 44 .4 88.9 ND 14.1 Hashimoto A 2012 [79]
Pancreatic cancer GEMia+ 5FU ia 5 60 100 ND 224 TajimaH 2013  [80]
GEMia +S1 po 2 50 50

ORR, objectiveresponserate; DCR, disease control rate; TTP, time to response; PFS, progression-free survival; OS, overall survival; ia, intra-arterial; iv, intravenous
infusion; po, per os; ND, no data; 5FU, 5-fluorouracil; LV, leucovorin; FUDR, fluorodeoxyuridine; CPT-11, irinotecan; L-OHP, oxaliplatin; Epi-ADM, epirubicin; MMC,
mitomycin-C; ADM, Adriamycin; GEM, gemcitabine; S-1, tegafur/gimeracil/oteracil potassium.

Commentary

The results of HAIC with a port system for metastatic
liver cancer are summarized in Table 3. Kemeny etal. [66]
conducted an RCT comparing HAIC with a port system
using FUDR with systemic 5-fluorouracil + leucovorin
for liver metastases of colorectal cancer. HAIC with a port
system using FUDR produced better ORR (47% vs. 24%)
and OS (24.4 months vs. 20 months) [66].

Phase II trials of weekly high-dose 5-fluorouracil ther-
apy in Japan reported ORRs of 52%-83% and OS times of
18.6-26 months [65, 83, 84]. No global randomized trials
have compared HAIC to FOLFOX and FOLFIRI, which
are the current standard therapies. In Japan, phase I/II
trials of the combination of HAIC plus intra-arterial
5-fluorouracil and systemic chemotherapy with intrave-
nous irinotecan reported ORRs 0f 72%-86.4%, OS of 49.8
months, and PES of 11.2 months [74, 85]. In a retrospec-
tive study, patients who were refractory to FOLFOX and
FOLFIRI and who were administered intra-arterial 5-flu-
orouracil exhibited an ORR 0f 18.2%, an OS of 6.7 months,
and a PFS of 2.8 months [71].

418 Liver Cancer 2022;11:407-425
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A phase II trial of intra-arterial FEM for hepatic me-
tastases of gastric cancer reported an ORR of 55.6% and
a median OS of 10.5 months [78]. A study that adminis-
tered an FEM regimen to patients refractory to S1 report-
ed an ORR of 42.9% and an OS of 12.7 months [86].

In a study of HAIC for hepatic metastases of breast
cancer, an FEM regimen had an ORR of 81% [80]. A re-
cent study on HAIC that used therapeutic regimens such
as mitomycin/5-fluorouracil in patients that were refrac-
tory to systemic chemotherapy reported an ORR of 20%
and an OS of 12 months [87].

Intra-arterial 5-fluorouracil had an ORR of 44.4% in
patients with hepatic metastases of pancreatic cancer
[81]. As described previously, the response rate varies de-
pending on the type of carcinoma and regimen, but a high
response rate is generally achieved. A limitation of HAIC
with a port system is that the survival benefit has not been
proven for patients who receive this treatment despite its
high response rate. Liver metastasis should be regarded as
a phenotype of systemic disease, and systemic chemo-
therapy should be given as the first-line treatment. How-
ever, if standard systemic chemotherapy is not indicated

Ueshima et al.



or the patient is refractory, HAIC with a port system may
be considered to avoid liver failure caused by tumor oc-
cupying the liver.

9. What Are the Complications and Treatments of
HAIC with a Port System?

Statements

The complications of HAIC with a port system are cat-
egorized into those caused by the implanted catheter and
port system and those caused by the injected drugs [88].
If complications caused by the implanted system are ob-
served, removing and/or replacing the catheter system is
necessary. If damage to the hepatic artery or gastrointes-
tinal mucosa is caused by cytotoxic antitumor agents, ces-
sation of the drug is necessary, and the port system should
be checked immediately by angiography or CT angiogra-
phy.

Commentary

Complications caused by the port system include mi-
gration of the indwelling catheter, catheter occlusion be-
cause of thrombus formation, catheter kinking, catheter-
associated bloodstream infections, fibrin sheath forma-
tion, the port turning inside-out, and stenosis, occlusion,
or pseudoaneurysm of the blood vessel in which the cath-
eter is inserted [89-93]. In most cases, invasive treat-
ments such as removing or replacing the catheter system
are necessary.

Migration of the indwelling catheter may cause mu-
cosal injury to the stomach and/or intestine when cyto-
toxic antitumor agents are injected. Slight migration of
the catheter is acceptable if there is no drug spillage to
organs outside the liver. If symptoms are caused by mi-
gration of the indwelling catheter, invasive treatments
such as removing or replacing the catheter system are
necessary.

Catheter occlusion attributable to thrombus forma-
tion or kinking may prevent the catheter from injecting
the agent. When injection is difficult, the port system
should be checked, and if occlusion or kinking of the
catheter is suspected, the catheter should be replaced.
Mixing heparin with an anticancer drug solution may
prevent thrombotic obstruction of the catheter. Catheter-
associated bloodstream infections may cause sepsis. An-
tibiotic therapy alone cannot cure this sepsis, and remov-
al of the port system is needed.

Fibrin sheath formation may cause dysfunction of the
port system or infection with the formation of biofilms.

Guidelines for Hepatic Arterial Infusion
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Angiography via the port system will lead to arterial ste-
nosis around the catheter side hole; however, convention-
al angiography may reveal that the hepatic artery is pat-
ent. Fibrin sheath formation can be resolved by replacing
the catheter [91].

The implanted port is often turned inside-out. If this
happens, needle puncture will be difficult, and reposi-
tioning is needed.

Stenosis and occlusion of the blood vessel in which the
catheter is inserted may also cause dysfunction of the port
system. For stenosis or occlusion of the common or prop-
er hepatic artery, placing a metallic stent into the occlud-
ed artery may be useful.

Although relatively rare, complications such as cere-
bral infarctions have been reported when a catheter is
placed via the subclavian artery. Ischemic change in the
vertebral artery region can cause symptoms of cerebral
infarction, but the symptoms are often not severe. In such
cases, HAIC can be continued with conservative therapy
including an antiplatelet agent.

Cytotoxic antitumor agents can cause vascular dam-
age to the hepatic artery and damage the hepatic paren-
chyma or biliary system. Additionally, gastrointestinal ul-
cers can be caused by the leakage of cytotoxic antitumor
agents into the digestive tract. The systemic circulation of
cytotoxic antitumor agents can cause additional symp-
toms such as digestive organ symptoms and myelosup-
pression [65, 71, 80, 94-99]. Patients with a history of
biliary reconstruction have a higher risk of hepatic ab-
scess or biliary fistula.

Vascular damage to the hepatic artery caused by cyto-
toxic antitumor agents can be prevented by mixing hy-
drocortisone or other steroids with intra-arterial agents
[100]. Symptoms of gastrointestinal ulcers caused by
leakage into the digestive tract can be improved by hista-
mine H2 receptor antagonists or proton pump inhibitors;
however, if clear signs of blood flow to the digestive tract
are observed on angiography via the port system, altering
blood flow by coiling the artery causing the symptoms
may be needed [101].

10. What Is the Appropriate Method for Implanting
the Catheter and Port System?

Recommendation

The tip fixation method of percutaneous placement
using an antithrombotic-coated catheter with a side hole
is recommended (strong recommendation, level of evi-
dence C).
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Fig. 3. a GDA fixation. b Peripheral hepatic artery fixation.

Commentary

Percutaneous placement of the port system using IVR
technology is less invasive than surgical placement. The
patency rate of the hepatic artery and the frequency of
catheter migration following percutaneous placement
compare favorably with those of surgical placement [102].
The tip fixation method for percutaneous placement us-
ing an antithrombotic-coated catheter with a side hole is
recommended [90, 103].

An approach via the subclavian artery or inferior epi-
gastric artery is preferred for inserting the catheter be-
cause these approaches do not pass through any joints
and they are useful for preventing catheter migration
[103]. The femoral artery approach is simple and widely
used [104].

Gastroduodenal artery (GDA) fixation, in which the
tip of the catheter is inserted into the GDA and is fixed us-
ing a metal coil, is the most commonly used method [90]
(Fig. 3a). Peripheral hepatic artery fixation, in which the
tip of the catheter is inserted into the peripheral branch of
the hepatic artery and the side hole is placed in the proper
hepatic artery, is another useful method [105] (Fig. 3b). In
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every method, the right gastric artery and GDA should be
embolized by a metallic coil to avoid mucosal injury or
pancreatitis from the cytotoxic antitumor agents.

11. How Should an Implanted Catheter and Port
System Be Managed after Placement?

Recommendation

1. When puncturing the port percutaneously, the skin
should be disinfected using >0.5% chlorhexidine-al-
cohol (strong recommendation, level of evidence B).

2. A non-coring needle should be used to puncture the
port (strong recommendation, level of evidence C).

3. After administering a drug via the implanted catheter
and port system, heparin or a similar agent should be
provided to prevent occlusion of the system (strong
recommendation, level of evidence C).

4. Regular flow checks, i.e., CT angiography via the port
system, are recommended to assess drug distribution
from the port system (strong recommendation, level
of evidence C).

Ueshima et al.



Commentary
1. When puncturing the port subcutaneously, the skin

should be disinfected using >0.5% chlorhexidine-al-

cohol.

Use >0.5% chlorhexidine—alcohol (used for skin disin-

fection in central vein catheters, in peripheral artery

catheters, and when changing dressings) to disinfect
the skin at the site of vascular access to the device. If
chlorhexidine is not available, use povidone-iodine

and 70% alcohol [106].

2. A non-coring needle should be used to puncture the
port subcutaneously.

To prevent coring and hollowing out of the silicone

septum, a non-coring needle (also called a Huber nee-

dle) should be used [107]. Package inserts for port sys-
tems state the number of punctures for which a non-
coring needle can be used.

3. After administering a drug via the port system, flush-
ing with an anticoagulant should be performed to pre-
vent occlusion of the system.

Because the port system communicates directly with a

blood vessel, the port and catheter can be filled with

the anticoagulant heparin (heparin sodium 1,000

units/1 mL, depending on the volume of the port and

catheter) [90], or the system can be flushed with a hep-
arin saline solution [108] to prevent occlusion of the
system due to backflow of blood.

4. Regular flow checks, i.e., angiography or CT angiogra-
phy via the port system, are recommended to assess
drug distribution from the implanted catheter and
port system.

The distribution of drugs administered by the port sys-
tem can be assessed by observing the distribution of a
contrast agent injected via the port [109, 110]. The pro-
cess of confirming the patency of the system and hepatic
artery and checking the contrast agent distribution is
called a flow check, and it is often conducted by combin-
ing digital subtraction angiography with CT angiogra-
phy. If a flow check finds abnormal drug distribution in-
side or outside the liver, the blood flow should be adjust-
ed as needed to make the drug distribution appropriate
[103].

12. For Which Clinical Condition Should HAIC with a
Port System Be Suspended or Discontinued?

Recommendations
HAIC with a port system should be suspended when
there is disease progression or severe stenosis or occlu-

Guidelines for Hepatic Arterial Infusion
Chemotherapy with a Port System

sion of the hepatic artery. HAIC can also be suspended
after a complete response is maintained for a certain
length of time (strong recommendation, level of evidence
D).

Commentary

Generally, chemotherapy should be discontinued on
disease progression. HAIC with a port system is often in-
dicated for patients with relatively advanced primary or
metastatic liver cancer. If other systemic chemotherapeu-
tic options are available, a change of therapy should be
considered even though mild disease progression may oc-
cur.

Therapy cannot be continued in patients with hepatic
artery occlusion. Additionally, HAIC should be discon-
tinued in patients with severe stenosis of the hepatic ar-
tery, which is likely to cause other complications [103,
111]. When image findings reveal a complete response,
suspension of HAIC should be considered after continu-
ing therapy for a certain period.

Long-term therapy has a risk of hepatic artery occlu-
sion, whereas premature suspension of treatment can re-
sult in tumor regrowth [112]. In colorectal cancer, many
patients who exhibit a complete response to systemic
chemotherapy on imaging also exhibit viable cells on
pathological analysis. Although it can be difficult to de-
cide how long to continue therapy, there is a general con-
sensus that therapy can be suspended after approximate-
ly 6 months of gradually extended treatment intervals
[112, 113].

Conclusions

HAIC with a port system plays an important role in
controlling intrahepatic tumors even though systemic
chemotherapy remains the mainstream treatment for
many cancers. In pathological conditions in which in-
trahepatic tumors affect the prognosis, HAIC with a
port system has a weaker systemic effect from the view-
point of side effects; it maximizes the local control ef-
fect, and it potentially improves the prognosis. This
guideline summarizes the evidence and consensus for
hepatic artery infusion reservoir therapy in Japan, and
it is expected to contribute to the field of clinical prac-
tice.
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