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Abstract: Cholangiocarcinoma (CCA) is the second most common primitive liver cancer. Despite
recent advances in the surgical management, the prognosis remains poor, with a 5-year survival
rate of less than 5%. Intrahepatic CCA (iCCA) has a median survival between 18 and 30 months,
but if deemed unresectable it decreases to 6 months. Most patients have a liver-confined disease
that is considered unresectable because of its localization, with infiltration of vascular structures or
multifocality. The peculiar dual blood supply allows the delivery of high doses of chemotherapy via
a surgically implanted subcutaneous pump, through the predominant arterial tumor vascularization,
achieving much higher and more selective tumor drug levels than systemic administration. The
results of the latest studies suggest that adequate and early treatment with the combination approach
of hepatic arterial infusion (HAI) and systemic (SYS) chemotherapy is associated with improved
progression-free and overall survival than SYS or HAI alone for the treatment of unresectable
iCCA. Current recommendations are limited by a lack of prospective trials. Individualization of
chemotherapy and regimens based on selective targets in mutant iCCA are a focus for future research.
In this paper we present a comprehensive review of the studies published to date and ongoing trials.
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1. Introduction
The first description of a case of cholangiocarcinoma (CCA) dates back to 1840 by
Durand-Fardel [1]. CCA is an epithelial tumor with features of cholangiocyte differentiation [2]. It originates from the ductal epithelium of the biliary tree from the canals
of Hering to the main bile duct [3]. Most patients suffer from an unresectable disease
from presentation and death occurs within 12 months from diagnosis due to the effects of
cachexia, rapid decline in performance status, liver failure and recurrent sepsis [4].
CCA represents 3% of all gastrointestinal tumors and is the second most common
primitive liver cancer, accounting for 15% of all primary liver tumors [5,6]. CCA is classified
according to its anatomical location: intrahepatic (iCCA), perihilar (pCCA) and distal CCA
(dCCA) (Figure 1). According to the classification of the Liver Cancer Study Group of
Japan, iCCA can be further classified by macroscopic growth patterns: mass-forming (MF
iCCA), periductal infiltrating (PI iCCA), and intraductal growing (IG iCCA) [3]. In a large
series of patients suffering from bile duct cancer, 8% had iCCA, 50% had pCCA, and 42%
had dCCA [3,7,8]. The highest incidence is reached in the seventh decade and is slightly
more frequent in males with a ratio of 1.5:1 [9]. The incidence rates are characterized by a
wide geographical variation, reflecting the distribution of local risk factors in addition to
genetic differences among different populations [8,10].
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al. extracted data from the World Health Organization and Pan American Health Organization databases for 32 countries from Europe, the Americas, and Australasia demonstrating the global increase in mortality from iCCA from 1995 to 2016 [11]. Recently, Rahib
et al. estimated that by 2040, liver and intrahepatic bile duct cancer will surpass colorectal
cancer to become the third most common cause of cancer-related death after lung and
2 of 11
pancreatic cancer [13].

Figure 1. Cholangiocarcinoma is classified according to the anatomical location: intrahepatic (iCCA),
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demonstrated improvement in OS after progression to CIS-GEM. Although differences
in median OS were modest (5.3 versus 6.2 months) between study arms, differences in
survival at 6 months (35.5% versus 50.6%) and 12 months (11.4% versus 25.9%) were
clinically meaningful [18].
Targeted therapies such as inhibitors of isocitrate dehydrogenase 1 (IDH1) [19,20], fibroblast growth factor receptor (FGFR) [21–25] and tropomyosin receptor kinases (TRK) [26,27]
or WNT [28] pathway alterations are currently being tested in patients with iCCA [16]. The
final results from ClarIDHy, a phase III study, demonstrated the clinical benefit of ivosidenib (a small-molecule targeted inhibitor of mutated Isocitrate dehydrogenase 1, IDH1)
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versus placebo in patients with previously treated CCA and IDH1 mutation in terms of
progression-free survival (HR 0.37) and median OS (HR 0.69) [20].
A large proportion of patients diagnosed with iCCA in liver-predominant disease
could be suitable for liver-directed therapies: trans-arterial radio-embolization with yttrium90 (TARE), stereotactic body radiotherapy (SBRT) and hepatic arterial infusion chemotherapy (HAI) [29]. TARE is the most developed approach but robust evidence in support is still
modest. The SIRCCA clinical trial evaluating TARE followed by CIS-GEM chemotherapy
vs. CIS-GEM chemotherapy alone as first-line treatment of patients with unresectable iCCA
was prematurely interrupted because of poor recruitment (NCT02807181). Results from
prospective studies (ABC-07 study and EudraCT 2014-003656-31) are awaited to evaluate
the benefit derived from SBRT in association with systemic chemotherapy.
The last NCCN clinical practice guideline on hepatobiliary cancers (v. 2.2021), gives
advice on general patient selection criteria for arterially directed therapies (TARE, SRBT
and HAIC) including unresectable or metastatic iCCA, without extra-hepatic disease.
HAI chemotherapy is recommended only in the context of a clinical trial or in tertiary
referral Hepato-Pancreato-Biliary centers for patients with advanced disease confined to
the liver [30].
3. Hepatic Arterial Infusion Chemotherapy
3.1. Rationale
Most patients suffering from iCCA have a liver-confined disease that is considered
unresectable because of its localization, with infiltration of vascular structures or multifocality [31]. The peculiar dual blood supply of the liver allows the delivery of high doses of
chemotherapy through the predominant arterial tumor vascularization, reserving the portal
blood flow to healthy liver parenchyma. Hepatic extraction and first-pass metabolism
(up to 99%) of selected drug regimens diminishes systemic exposure and toxic effects [32],
achieving much higher and more selective tumor drug levels than systemic administration [33]. The results of the first small trials conducted in the 1970s and 1980s, together
with these assumptions, led to the wide use of hepatic arterial infusion chemotherapy via a
surgically implanted subcutaneous pump [34–36].
3.2. Port Placement Technique
Hepatic vascular anatomy must be evaluated pre-operatively with an arterial phase
CT. Up to one third of patients have abnormal hepatic artery anatomy. The catheter tip is
placed just at the origin of the gastroduodenal artery (GDA). The tip of the catheter must
not create turbulence in the hepatic artery so as to affect the catheter and the cannulated
artery long-term patency [37]. Adequate perfusion of the entire hepatic parenchyma
must be ensured, without showing any leakage to vicinious organs. Suprapyloric arterial
branches and the right gastric artery are ligated to prevent perfusion to the duodenum.
Liver-only pump perfusion is assessed by injecting a bolus of methylene blue solution or
fluorescein (with a Woods lamp) into the pump [36,38]. All the accessory/replaced vessels
are ligated [39,40] relying on hepatic cross perfusion. Hepatic lobar arteries are not end
arteries and the occlusion of a variant vessel will not affect the flow from the contralateral
hepatic lobe through collateral vessels that prompt develop [37]. Cholecystectomy is
performed to avoid chemotherapy-induced cholecystitis. Depending on the infusion pump
model that is used, the positioning lodge is made either in the lower left abdomen (stoma
is a contraindication), according to the Memorial Sloan Kettering Cancer Center (MSKCC)
technique [36], or in the right side of the thoracic wall [38] (Figure 2).
Absolute contraindications to HAI chemotherapy include: poor hepatic function,
prolonged systemic chemotherapy, extensive liver tumor burden, portal hypertension,
portal vein thrombosis, and hepatic artery occlusion [36].
Assessment of locoregional lymph nodes is routinely performed by hepatic artery,
hepatoduodenal, portocaval and peripancreatic lymphadenectomy (stations 8, 12 and 13) as
it provides good exposure to the hepatic artery and it determines nodal staging at the time
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of pump placement, thus resulting in no misclassified patients [36,41]. The role of routine
lymphadenectomy for intrahepatic cholangiocarcinoma is still controversial [42]. The AJCC
eighth edition [43] and the National Comprehensive Cancer Network [44] recommend a
minimum of six harvested lymph nodes for adequate nodal staging. Bagante et al. in 2017
demonstrated that pathological nodal status is strongly associated with long-term outcome
and that radiological lymph node staging could be inaccurate in up to 40% of patients [45].
In 2020, Bartsch et al. confirmed that preoperative imaging has a sensitivity of only 71.1%
in the detection of suspicious lymph nodes [46]. Lymphadenectomy has been proven to
have no benefits to cancer-specific survival for resectable patients, but showed a significant
J. Clin. Med. 2021, 10, x FOR PEER REVIEW
of 11
benefit in unresectable patients relieving portal tumor burden and prolonging survival4 [47],
as well as giving the opportunity of a more personalized approach to systemic therapy [48].
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Hepatic arterial infusion pump chemotherapy related toxicity includes chemical
hepatitis, gastritis, peptic ulcer, and biliary sclerosis (BS). The incidence of BS in patients
who received floxuridine-based chemotherapy is between 0.9% and 26% [49,53–62]. This is
a clinically relevant adverse event that may require a biliary stent or result in a chronic liver
damage [63]. In these patients it is imperative to routinely monitor biochemical parameters
as the first signs of BS are manifested through the elevations in serum alkaline phosphatase
and/or total bilirubin. When liver function tests are increased, HAI chemotherapy should
be interrupted or the dose reduced. It is common practice to add intra-arterial steroids
(dexamethasone 4 mg) to HAI chemotherapy to prevent/reduce BS.
4. Literature Review
HAI chemotherapy has been initially developed for colorectal liver metastases treatment [53,64,65], but in the last two decades more data have been published for iCCA
treatment (Table 1).
Table 1. Summary of studies. HAI +/- SYS chemotherapy treatments for unresectable iCCA.
Study

Number and Type
of Patients

Treatment Regimen

PFS

OS

Cantore et al.,
2005 [66]

30 BTC
•25 iCCA
•5 gallbladder cancer

3-week cycle HAI
epirubicin 50 mg/m2 , CIS
60 mg/m2 as bolus on Day 1
5-FU 200 mg/m2 per day by
continuous infusion Day 1 to Day 14

7.1 months (C.I.
1.6–19.1)

13.2 months

Jarnagin et al.,
2009 [67]

34 PLC
•26 iCCA
•8 HCC

4-week cycle
HAI: FUDR (0.16 mg/kg ×
20/pump flow rate) and DEXA
25 mg on day 1 for 14-days of
each cycle

7.4 months

29.5 months

22 PLC
•18 iCCA
•4 HCC

4-week cycle
HAI: FUDR (0.16 mg/kg ×
30/pump flow rate) and DEXA
25 mg on day 1 for 14-days of
each cycle
SYS: bevacizumab 5 mg/kg every
other week.

8.45 months (CI
5.53–11.05)

31.1 months (CI
14.14–33.59)

13 iCCA

4-week cycle
HAI: GEM 1000 mg/m2 30-min
infusion on days 1, 8, and 15 for
5 cycles

-

389 days (CI
158–620)

12 iCCA

Second-line treatment
2-week cycle
HAI:
GEM (1000 mg/m2 given over
30 min) followed by OX (100 mg/m2
given over 2 h)

9.2 months (CI
2.1–29.4)

20.3 months (CI
13.2–49.7)

11 iCCA

2-week cycle
HAI:
Day 1: 100 mg/mq of OX
Day 2: 5 FU 7 mg/kg at 2 mL/h in
CI for 48 h

-

17.6 months

104 iCCA
•78 HAI/SYS
•26 SYS

4-week cycle
HAI: FUDR (0.16 mg/kg ×
20/pump flow rate) and DEXA
25 mg on day 1 for 14-days of
each cycle
SYS: mostly GEM based

HAI/SYS
12 months
SYS 7 months

HAI/SYS
30.8 months
SYS 18.4 months

Kemeny et al.,
2011 [68]

Inaba et al.,
2011 [69]

Ghiringhelli et al.,
2013 [70]

Massani et al.,
2015 [38]

Konstantinidis et al.,
2016 [71].
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Table 1. Cont.
Study

Higaki et al.,
2018 [72]

Cercek A, et al.,
2019 [33]

Number and Type
of Patients

Treatment Regimen

PFS

OS

12 iCCA

42-day cycle
HAI: CIS 65 mg/m2 2 mL/min on
Day 1
SYS: S-1 60 mg/m2 per day 1–28.

-

10.1 months (CI
3.6–23.2)

38 iCCA

4-week cycle
HAI: FUDR (0.12 mg/kg ×
30/pump flow rate) and DEXA
30 mg/pump on day 1 for 14-days
of each cycle
SYS: GEM (800 mg/m2 ) with OX
(85 mg/m2 ) on Day 1 or 15, every
2 weeks

11.8 months
(1-sided 90% CI,
11.1)

25.0 months
(95% CI,
20.6-not reached)

Table legend: PFS, progression-free survival; OS, overall survival; BTC, biliary tract cancer; PLC, primary liver carcinoma; iCCA, intrahepatic
cholangiocarcinoma; HCC, hepatocarcinoma; CI, confidence interval; HAI, hepatic arterial infusion; SYS, systemic; FUDR, floxuridine;
GEM, gemcitabine; CIS, cisplatin; OX, oxaliplatin; DEXA, dexamethasone; 5-FU, 5-fluorouracil.

In 2005, a phase two study by Cantore et al. of 30 patients with unresectable iCCA
(n = 25) or gallbladder adenocarcinoma (n = 5) treated with epirubicin and cisplatin HAI as
a bolus combined with systemic continuous infusion of 5-fluorouracil (5-FU) demonstrated
a 40% overall response rate. The median progression-free survival (PFS) and overall
survival (OS) were 7.1 and 13.2 months, respectively, and the 1- and 2-year survival
rates were 54% and 20%, respectively. Grade 3 toxicity was observed in 11 of 30 patients
treated [66].
In 2009, the MSKCC research group led by Kemeny NE and Jarnagin WR investigated
the efficacy of HAI with floxuridine (FUDR) and dexamethasone in 34 patients with
unresectable primary liver cancer (26 iCCA and 8 hepatocarcinoma). They demonstrated
a response rate of 47.1%, median survival was 29.5 months and the 2-year survival was
67%. Patients with iCCA had a higher response rate (53.8%) compared with those with
HCC (25%). Hepatic progression-free survival (HPFS) in iCCA patients was 11.3 months.
One patient was converted to resectability, all patients ultimately progressed, and nearly
all were treated at some point with systemic therapy. The 1-, 2-, and 3-year survival
rates were 88%, 67%, and 29%, respectively. Five patients (14.7%) experienced grade 3 or
4 toxicity [67]. The same research group has published further update studies. In 2011,
there was a trial in which 22 patients (18 iCCA and 4 HCC) were treated by systemic
(IV) bevacizumab in addition to the previously described HAI regimen. Median OS
was 31.1 months (CI 14.14–33.59), PFS was 8.45 months (CI 5.53–11.05), and HPFS was
11.28 months (CI 7.93–15.69). The trial was prematurely terminated due to increased biliary
toxicity; 24% patients experienced bilirubin elevation and biliary stents were placed in
13.6% [68]. In 2016, the MSKCC group published a subsequent review of 104 patients
with liver-only, unresectable iCCA treated with HAI and systemic (SYS) chemotherapy
(n = 78) or systemic chemotherapy alone (n = 26). They demonstrated a better response
rate for patients who received HAI and SYS chemotherapy than the rate for those who
received SYS alone. PFS was 12 vs. 7 months for HAI/SYS and SYS, respectively, although
not significant p = 0.2. OS was 30.8 vs. 18.4 months for HAI/SYS and SYS, respectively.
However, the conversion to resectability demonstrated (8/104) is far below the rates
achieved for colorectal liver metastases [71]. In 2019, the last phase two clinical trial
published included 38 unresectable ICC patients treated with HAI FUDR chemotherapy
combined with systemic gemcitabine and oxaliplatin. The median PFS was 11.8 months,
the median OS was 25.0 months, and the 1-year OS rate was 89.5%. The results of the
study suggest that the combination approach is associated with further improvements in
progression-free survival than SYS alone [33].
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A phase I/II study published in 2011 by the Japan Interventional Radiology in Oncology Study Group was designed to ascertain the recommended dose (RD) of HAI using
gemcitabine (GEM) for iCCA and to assess its efficacy and safety. RD was set at 1000 mg/m2 .
A total of 13 patients were treated with the RD using a percutaneously placed HAI catheterport system as a 30-min infusion on days 1, 8, and 15 every 4 weeks for 5 cycles. The
response rate was 7.7%, below the established threshold efficacy rate of 20%. Complications related to the HAI itself or the implanted catheter-port system occurred in 6 cases
(24%) and the incidence of adverse events of Grade 3 or more in all patients treated (n = 25)
was 48%. The authors concluded that this protocol did not have any advantage over
systemic treatment [69].
In 2014 a French retrospective study by Ghiringhelli et al. analyzed the outcome of
12 consecutive patients with unresectable iCCA treated with HAI (percutaneously placed
catheter-port system) of GEM (1000 mg/m2 ) followed by systemic oxaliplatin (100 mg/m2 )
as second-line treatment. The overall response rate was 66% and the disease control rate
was 91%. The median PFS was 9.2 months (CI 5.1–29.4) and the median OS 9.1 months (CI
13.2–49.7). Six patients (50%) experienced a grade 3/4 toxicity [70].
In 2015, Massani M. et al. published the retrospective experience with HAI treatment
alone (fluorouracil and oxaliplatin) in 11 unresectable iCCA patients. A CT scan performed
after the sixth cycle of therapy revealed that 5 of them had partial hepatic response, 2 stable
disease, and 4 disease progression. The median OS was 17.6 months. Three of the patients
with partial hepatic response underwent resection and two had more than 70% tumor
necrosis. The median survival of patients with liver-only disease treated with systemic
chemotherapy, who were not submitted for resection, was 15.3 months [38].
A pilot study published in 2018 and conducted in Japan between 2007 and 2011
compared 12 patients with unresectable iCCA who received HAI of cisplatin plus oral S-1
to 16 patients who received conventional therapies (systemic or loco-regional). Cisplatin
was administered via a catheter placed in the femoral artery and introduced into the hepatic
artery under angiographic guidance at each cycle. S-1 is an oral fluoropyrimidine, designed
to improve the antitumor activity of 5-fluorouracil (5-FU) concomitantly with an intent to
reduce its toxicity [73]. All of the 12 patients completed at least 2 courses of chemotherapy.
The median OS was 10.1 months (CI 3.6–23.2). Grade 3 anemia occurred in only 1 patient
(4.5%) [72].
With regard to the clinical trials currently in progress, the NCT01525069 trial is a
pilot study that enrolled patients with unresectable iCCA that were allocated to three
different treatment arms: HAI of FUDR alone or in combination with oxaliplatin and/or
gemcitabine. The NCT03771846 promoted by the Cancer Center Sun Yat-sen University
aims to evaluate the efficacy and safety of HAI of irinotecan, oxaliplatin, 5-fluorouracil, and
leucovorin compared to systemic chemotherapy of gemcitabine and oxaliplatin in patients
with unresectable iCCA. The French multicenter phase 2 Trial GEMOXIA-02 (NCT03364530)
aims to determine the objective response rate of HAI of gemcitabine/oxaliplatin administered as second-line treatment in patients with non-metastatic unresectable iCCA. The
HELIX ICC (NCT04251715) is a phase II trial designed to study the efficacy and safety of
systemic induction of mFOLFIRINOX, followed by HAI of FUDR plus dexamethasone administered concurrently with systemic mFOLFIRI in treating patients with liver-dominant
unresectable iCCA.
5. Conclusions
Early published experiences considered groups of patients with different primary
liver cancers and collided with the possible chemotherapy-induced biliary damage. The
results of the latest studies suggest that adequate and early treatment with the combination
approach of HAI and SYS chemotherapy is associated with improved progression-free and
overall survival than SYS or HAI alone for the treatment of unresectable iCCA. However,
to date, the conversion to resectability rate demonstrated is far below the rates achieved for
colorectal liver metastases. One of the major limitations of HAI chemotherapy is the limited
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availability of surgeons and oncologists experienced with its use outside of a few referral
HPB centers worldwide. Current recommendations for the use of regional therapy in
unresectable iCCA are limited by a lack of prospective trials. Rigorous evaluation of these
strategies in clinical trials is essential. Individualization of chemotherapy and regimens
based on selective targets in mutant iCCA are a focus for future research.
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