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First decision: October 9, 2023 Intrahepatic cholangiocarcinoma (iCCA) is recognized as the second most
Revised: November 27, 2023 frequently diagnosed liver malignancy, following closely after hepatocellular
Accepted: December 5, 2023 carcinoma. Its incidence has seen a global upsurge in the past several years.
Article in press: December 5,2023 ~ Unfortunately, due to the lack of well-defined risk factors and limited diagnostic
Published online: December 27, tools, iCCA is often diagnosed at an advanced stage, resulting in a poor progno-
2023 sis. While surgery is the only potentially curative option, it is rarely feasible.

Currently, there are ongoing investigations into various treatment approaches for
unresectable iCCA, including conventional chemotherapies, targeted therapies,
immunotherapies, and locoregional treatments. This study aims to explore the
role of transarterial radioembolization (TARE) in the treatment of unresectable
iCCA and provide a comprehensive review. The findings suggest that TARE is a
safe and effective treatment option for unresectable iCCA, with a median overall
survival (OS) of 14.9 months in the study cohort. Studies on TARE for
unresectable iCCA, both as a first-line treatment (as a neo-adjuvant down-staging

Buisidenge WJH | https://www.wijgnet.com 1284 December 27,2023 | Volume15 | Issuel2 |


https://www.f6publishing.com
https://dx.doi.org/10.4254/wjh.v15.i12.1284
mailto:sara.massironi@libero.it

Elvevi A et al. TARE in unresectable iCCA

strategy) and as adjuvant therapy, have reported varying median response rates (ranging from 34 % to 86%) and
median OS (12-16 mo). These differences can be attributed to the heterogeneity of the patient population and the
limited number of participants in the studies. Most studies have identified tumor burden, portal vein involvement,
and the patient’s performance status as key prognostic factors. Furthermore, a phase 2 trial evaluated the
combination of TARE and chemotherapy (cisplatin-gemcitabine) as a first-line therapy for locally advanced
unresectable iCCA. The results showed promising outcomes, including a median OS of 22 mo and a 22%
achievement in down-staging the tumor. In conclusion, TARE represents a viable treatment option for unresectable
iCCA, and its combination with systemic chemotherapy has shown promising results. However, it is important to
consider treatment-independent factors that can influence prognosis. Further research is necessary to identify
optimal treatment combinations and predictive factors for a favorable response in iCCA patients.

Key Words: Intrahepatic cholangiocarcinoma; Transarterial radioembolization; Locoregional treatment; Overall Survival,
Response rates; Neo-adjuvant therapy; Combined Therapies; Prognostic factors

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Intrahepatic cholangiocarcinoma (iCCA), the second most common type of liver cancer, is frequently diagnosed at
an advanced stage due to limited diagnostic tools and undefined risk factors. Surgery, the potential cure, is often infeasible.
Ongoing investigations into unresectable iCCA treatment include chemotherapy, targeted therapy, immunotherapy, and
locoregional treatments. Transarterial radioembolization (TARE) demonstrates safety and effectiveness, with a median
response rates (34%-86%) and OS (12-16 mo) varying due to patient heterogeneity. Key prognostic factors include tumor
burden, portal vein involvement, and patient performance status. The median overall survival reported after TARE is of 22
mo with 22% of tumor down-staging. TARE is a viable unresectable iCCA treatment, especially when combined with
systemic chemotherapy. Nonetheless, further research is needed to optimize treatment combinations and identify predictive
factors for favorable responses in iCCA patients.

Citation: Elvevi A, Laffusa A, Elisei F, Morzenti S, Guerra L, Rovere A, Invernizzi P, Massironi S. Any role for transarterial radioem-
bolization in unresectable intrahepatic cholangiocarcinoma in the era of advanced systemic therapies? World J Hepatol 2023; 15(12):
1284-1293

URL: https://www.wjgnet.com/1948-5182/full/v15/i12/1284.htm

DOI: https://dx.doi.org/10.4254/wjh.v15.i12.1284

INTRODUCTION

Epidemiology, clinical characteristics and treatment of cholangiocarcinoma

Cholangiocarcinoma (CCA) is a diverse group of bile duct tumors, divided into three subtypes: intrahepatic (iCCA),
perihilar (pCCA), and distal (dCCA)[1]. With increasing rates, CCA is the second most common liver cancer globally[2].
CCA rates are stable in regions with reduced alcohol-related live disease, but increasing in Europe and America due to
higher alcohol intake, viral hepatitis infections, an increase in obesity rates, and the prevalence of non-alcoholic fatty liver
disease (NAFLD)[1,3]. The prevalence and incidence of CCA result from a complex interplay of evolving risk factors,
including chronic biliary tract inflammation and biliary stasis[1]. Risk factors include primary sclerosing cholangitis,
congenital choledochal cysts, liver fluke infections, hepatolithiasis, cirrhosis, hepatitis B and C, NAFLD, obesity, asbestos
exposure, diabetes, smoking, and alcohol. Some cases have no identifiable risk factors, making early diagnosis challen-
ging[4]. Late-stage diagnosis leads to poor outcomes, and surgery is the primary curative option, aiming for R0 resection
and preserving future liver remnant function. Hepatobiliary resection is preferred for iCCA and pCCA[5], while
treatment approaches for dCCA are similar to pancreatic head cancer[4]. Neoadjuvant therapy is not typically
recommended, but promising results have been seen in using neoadjuvant treatment as a bridge to liver transplantation
[1,6]. The role of chemoradiation therapy as adjuvant treatment is uncertain, with potential benefits for pCCA and dCCA
patients with R1 surgical margins. Ongoing trials explore combined cytoriductive therapy (cisplatin and gemcitabine) in
an adjuvant setting[1]. Liver transplantation is considered for unresectable pCCA and iCCA cases without extrahepatic
disease. Palliative treatments are the option for those ineligible for transplant[1]. Inmunotherapies in CCA have limited
data, and their role is under investigation, either alone or in combination with other treatments[6].

Local-regional therapies are an option for iCCA patients to manage tumor growth and complications. Limited evidence
supports their use in pCCA and dCCA[7]. Common loco-regional treatments include external beam radiotherapy, trans-
arterial chemoembolization (TACE), image-guided thermal ablation, trans-arterial radioembolization (TARE), and hepatic
chemosynthesis. TARE has gained attention, though with limited evidence[1,6,7].
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TARE techniques

TARE is a minimally invasive technique to treat liver cancer, used for both hepatocellular carcinoma (HCC) and CCA.
TARE involves the delivery of small beads, called microspheres, which are coated with a radioactive material, to the
tumor through the blood vessels.

The liver receives blood from two sources: The hepatic artery and the portal vein; moreover, the hepatic parenchyma
has a sinusoidal cytoarchitecture. Both these aspects promote the use of intra-arterially delivered treatments, such as
TACE and TAREJ8]. TARE is a technique that allows the delivery of a radioactive drug directly to the tumor, minimizing
systemic irradiation and preserving the health of the liver. This is achieved by introducing microspheres into the tumor’s
blood vessels through a catheter inserted into the femoral artery and guided to the liver using imaging techniques like
angiography. These microspheres lodge in the small blood vessels that supply the tumor, leading to a reduction in blood
flow to the cancer cells and ultimately causing their death. Different types of microspheres, such as Lipiodol, glass, resin,
or polymer, have been used, along with various radioisotopes like Phosphorus-32 (*P), Yttrium-90 (*Y), Iodine-131 (*'),
Holmium-166 (**Ho), Lutetium-177 (*’Lu), and Rhenium-186/188 (***/*¥Re), all of which are beta emitters[8,9]. Current
TARE agents use B-particle-emitting radioisotopes, although some pioneering studies are now investigating the
development and use of a-particle-emitting radioisotopes[10]. Targeted alpha therapy is a highly effective treatment due
to the densely ionizing track and the short path length (40-90 pm) of the emitted a-particles, resulting in a high linear
energy transfer (50-30 keV/pum). Actinium-225 is one of the a-particle emitting radionuclides currently being explored for
clinical applications. A recent study utilizing a mouse model demonstrated that survival rates significantly improved
when using [225Ac]Ac-DOTA-TDA-Lipiodol® in comparison to control groups[10].

“Y-loaded microspheres are commonly used in TARE and have proven to be a crucial tool in the treatment of primary
and secondary liver tumors, with a positive safety profile[11].

Y, a radionuclide that emits beta particles, has a physical half-life duration of 64.2 hours. It does not emit gamma
photons but produces secondary “bremsstrahlung” photons. Although it has a low positron emission of 32 decays per
million, the maximum and mean energies of its beta particles are 2.28 MeV and 0.94 MeV, respectively, and in soft tissue,
it has maximum and mean penetration depths of 11 mm and 4 mm, respectively[12]. *°Y can be loaded onto either glass or
ion-exchange resin microspheres, enabling the delivery of high radiation doses to tumors while sparing normal hepatic
parenchyma[13,14].

Observations indicate that radioembolization is well-tolerated by patients with a good performance status, consistent
with current literature[14,15].

Prior to TARE, angiography of the aorta, superior mesenteric artery, and celiac trunk is performed to assess the hepatic
vascular architecture, liver contact with surrounding structures, portal vein patency, and the presence of arterio-portal
shunting[16]. Non-target vessels with microspheres injection can lead to adverse events, and although coil embolization
of non-target vessels was previously routine, it is no longer recommended as a standard procedure[17]. One common
arterio-portal shunt is between the liver and the lung, which is accurately visualized using *™-Technetium labeled
macroaggregated albumin (*"Tc-MAA). It acts as a surrogate marker for Y microspheres and is injected into the left and
right hepatic arteries. After injection, any arteriovenous connections around the tumor are sharpened[17]. After *Tc-
MAA injection, to assess and quantify pulmonary shunts, known as Lung Shunt Fraction, hepatic planar scintigraphy and
single-photon emission computed tomography/computed tomography (SPECT/CT) scans are subsequently conducted
[18], as significant pulmonary shunts can cause late radiation lung toxicity. *"Tc-MAA SPECT/CT imaging also aids in
identifying possible gastrointestinal shunts, which, if not correctable through catheter embolization, can be an absolute
contraindication for treatment[19,20]. Furthermore, Tc-MAA SPECT/CT acquisition helps define the treatment field
and calculate the required activity of Y microspheres. When planning whole liver or selective, non-ablative or ablative
TARE, it is advised to adopt a personalized method that utilizes dosimetry, grounded either in partition models or voxel-
based models[21].

After microspheres injection a Y PET/CT scan is performed to assess treatment success by visualizing tumor
targeting, quantifying absorbed dose post-treatment, and predicting complications such as radioembolization-induced
liver disease[22,23].

TARE is considered a safe and effective treatment option with minimal side effects, and it can be repeated as necessary.
It is a valuable alternative for patients who are not suitable for surgery, and it can also be combined with other treatments
such as systemic chemotherapy, immunotherapy, or other local therapies to improve outcomes in iCCA.

MATERIAL AND METHODS

A comprehensive literature search was conducted using PubMed, Embase (from 2008 to 2021), and the Cochrane Library
to identify relevant studies. In order to maximize the inclusion of pertinent articles, personal knowledge of the relevant
literature was utilized, the reference lists of retrieved papers were reviewed, and a manual search was performed in key
journals. The search strategy employed a combination of medical subject headings (MeSH) terms and free language
words to capture a wide range of relevant publications.

TARE AS A THERAPEUTIC STRATEGY IN ICCA

Locoregional treatments, including radiofrequency ablation, hepatic artery infusion, TACE, drug-eluting bead TACE, and
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TARE, have been extensively studied for unresectable cholangiocarcinoma iCCA[24,25]. These treatments have shown
increased median overall survival (OS) compared to traditional systemic chemotherapy, with acceptable toxicity profiles
[24].

In general patients eligible for locoregional treatments should meet specific criteria, including: (1) Eastern Cooperation
Oncology Group (ECOG) performance status < 2; (2) Adequate laboratory tests (A neutrophil count exceeding 1.5 x 10°/
L, A platelet count over 50 x 10°/L); (3) Adequate kidney function (creatinine level below 2.0 mg/dL); (4) Proper liver
functionality (bilirubin level under 2.0 mg/dL); and (5) The ability to undergo hepatic angiography[7].

Locoregional treatments are not recommended in cases of pregnancy, breastfeeding, an expected lifespan of under
three months, or in instances of clinical liver failure. TARE is typically recommended for scenarios with minimal or no
spread of the tumor beyond the liver, although interpretations of this condition vary[12]. It's important to note that in
patients with iCCA, lymph node metastases haven’t demonstrated a detrimental effect on OS and thus shouldn’t be
viewed as a disqualifying factor for TARE. Nevertheless, the presence of solid organ metastases necessitates individu-
alized treatment decisions[12,25].

TARE as an option for locoregional treatment was first described in a study by Ibrahim et al[26], which included 24
patients with histologically diagnosed iCCA. The median OS was 14 months, with two patients achieving downstage
with resectable disease and/or liver transplantation. At follow-up imaging, the tumor response indicated partial
shrinkage in 27% of cases, stable disease in 68%, and only 5% showed disease progression. In total, an objective tumor
response, defined as any reduction in size, was noted in 86% of the patients[26].

Moreover, for inoperable patients treated with TARE, a systematic review by Boehm et al[24] reported a cumulative
median OS of 13.9 months (95%CI: 9.5-18.3) and a radiologic response according to RECIST criteria of 27.4% (95%CI:
17.4%-37.5%) for complete or partial response and 54.8% (95%ClI: 45.2%-56.7%) for stable disease. Another retrospective
study by Gangi et al[15] of a cohort of patients with unresectable iCCA who underwent TARE as first- or second-line
treatment showed a median OS of 12.0 months (95%CI: 8.0-15.2), with a radiologic partial response in 6.2% of patients,
stable disease in 64.2%, and progressive disease in 29.6% of patients at 3 mo.

Two other studies showed encouraging results for inoperable ICCA: Pellegrinelli et al[27] showed a median OS of 16
mo at three months, while Robinson et al[14], analyzing data from the Registry for Radiation-Emitting SIR-Spheres in
non-resectable Liver Tumors, reported a median OS of 14.0 mo (95%CI: 12.1-22.3) and a median progression-free survival
of 5.8 months (95%Cl: 4.6-7.2) for the entire cohort of patients treated with TARE. Notably, this last study demonstrated
an objective radiologic response, assessed by RECIST criteria, in 34% of patients (8% complete response, 26% partial
response), while 67% of patients achieved disease control[14].

TARE has been explored in combination with systemic chemotherapy to further enhance treatment success.

A recent phase-2 trial evaluated the combination of systemic chemotherapy using cisplatin and gemcitabine with TARE
for unresectable iCCA[28]. The study reported a median OS of 22 mo (95%CI: 14-52 mo), with a one-year OS rate of 75%
(95%CI: 62%-89%) and a two-year OS rate of 45% (95%CI: 30%-61%). The objective response, based on RECIST criteria at
three months, was 39% (90%CI: 26%-53%). Additionally, the disease control rate at three months was 98% (95%CI: 89%-
99%). Additionally, 22% of patients (9 patients) were able to undergo downstaging for potential surgical intervention.
Although these results are promising, they still need to be confirmed through a phase-3 trial. Unfortunately, a similar trial
combining cisplatin plus gemcitabine chemotherapy and TARE was prematurely halted due to insufficient patient
recruitment[6]. A recent study shared findings on the combined use of TARE and CT-guided high-dose-rate interstitial
brachytherapy (CT-HDRBT)[29]. A further possible approach involves an ablative method where a radioactive source,
specifically Iridium 192, is inserted directly into neoplastic lesions via catheters under the guidance of CT imaging[30,31].
This technique overcomes size limitations and restrictions due to tumor location[32]. Among patients with CCA treated
with either TARE or CT-HDRBT, the median OS was 29 mo, overall, the available evidence suggests that TARE could
play a role in treating unresectable iCCA, both as a standalone therapy and when combined with systemic chemotherapy

Table 1).

( Discr()epancies in OS among the available studies are due to significant differences in study designs, sample size, and
association with other treatment options. Therefore further studies are required to establish TARE effectiveness in
randomized trial and to better investigate its potential in combination with other approaches[6].

However, the treatment of advanced-stage iCCA remains a complex task that often requires the combination of
different therapeutic strategies to develop the optimal treatment approach for patients. In this context, TARE may play a
role, also as observed in in real life experience[9], as a combination treatment to further increase treatment success and
improve patient care (Figure 1).

Patient selection is a critical aspect of TARE for iCCA. It involves assessing the extent of the disease, extrahepatic tumor
spread, liver function, and overall health. Lobar or segmental perfusion involves the selective delivery of radioactive
microspheres to specific regions of the liver, making precise patient selection even more crucial. High-quality imaging,
such as angiography and CT or magnetic resonance imaging (MRI) scans, is essential to identify the arterial supply to the
tumor and determine the optimal catheter placement for microsphere delivery. Advanced software tools are used for
treatment planning to calculate the required dose and ensure minimal radiation to healthy liver tissue.

Moreover, the optimal radiation dose and the selection of embolic agents represent important issues.

Concerning the radiation dosage, with the use of resin microspheres, the activity level of *°Y to be administered is
determined based on the assumption that a mean absorbed dose of 40 Gy or less to the non-tumoral liver is safe.
Additionally, for iCCA, a minimum mean target-absorbed dose to the tumor of 100-120 Gy is recommended[21]. The cut-
offs for calculating *°Y activity change when glass microspheres are used. In this case, the mean absorbed dose for the
nontumorous liver, which is considered safe, is less than 75 Gy, and the minimum mean absorbed target dose for the
tumor, which is recommended to significantly increase OS, is higher than 260 Gy[12,33]. A systematic review of
dosimetry after iCCA treatment shows that the mean delivered tumor dose is approximately 200 to 250 Gy for glass-
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Table 1 Characteristics of the included studies evaluating transarterial radioembolization in intrahepatic cholangiocarcinoma

. N S . Median  R-response
Ref. Study design . Inclusion criteria Technique 0 P
patients 0S (mo) (%)
Ibrahim et al Report 24 Histological diagnosis; Unresectable disease; ~ **Yttrium (*°Y); Radioem- 14 86
[26], 2008 ECOG < 2; Neutrophil > 1.5 x 109/ L; Platelet  bolization

>50 x 109/ L; Creatinine < 2.0 mg/dL;
Bilirubin < 2.0 mg/dL; Able to undergo

angiography

Boehm et al Systematic 127 Unresectable disease; TARE treatment PYttrium (°Y); Radioem-  13.9 27.4 (partial or
[24], 2015 Review and bolization complete; 54

Metanalysis (stable disease)
Gangi et al Single Center; 85 Histological diagnosis; Unresectable disease; ~ **Yttrium (**Y); Radioem- 12 6.2 (partial
[15], 2018 Retrospective ECOG < 2; Platelet > 50 x 109/ L; Creatinine £ bolization response); 64

study 2.0 mg/dL; Bilirubin < 2.0 mg/dL; INR <1.5 (stable disease)
Pellegrinelli et  Single center; 6 Unresectable disease; ECOG < 2; Platelet > 50 DY ttrium (QOY) ; Radioem- 16 NA
al[27], 2021 Retrospective x 10°/L; Bilirubin < 2.0 mg/dL; Prothrombin  bolization

study time > 50%; Able to undergo angiography
Robinsonetal  Registry data 95 NA 14 34
[14], 2022
Edeline et al Phase 2; Clinical 41 Unresectable disease; Never received CT; DY ttrium (%Y); Radioem- 22 39
[28], 2020 Trial Never received intra-arterial treatment bolization + Cisplatin and

Gemcitabine

Fleckenstein et Single center; 9 Unresectable disease; At least one TARE DY ttrium (QOY) ; Radioem- 29 NA
al[29], 2022 Retrospective treatment; At least one CT-HDRBT treatment bolization + CT-HDRBT

study

NA: Not available; CT: Computed tomography; CT-HDRBT: CT-guided high-dose-rate interstitial brachytherapy; R-response: Radiologic response; ECOG:
Eastern Cooperation Oncology Group; OS: Overall survival; TARE: Transarterial radioembolization; INR: International normalized ratio.

based treatments and 80 to 130 Gy for resin-based treatments[34]. A recent study using glass microspheres further
increased the dose for treatment of iCCA, suggesting that segmental transarterial radioembolization at > 400 Gy is an
ablative approach that is feasible in terms of safety and efficacy[35].

A more subtle point, but one of potential clinical importance, is the selection of embolic agents and their infusion
methods tailored to TARE in the context of iCCA. The glass microspheres, which are insoluble and infused with Y,
measure between 20-30 pmol/L in diameter and possess an activity of 2500 Bq per sphere at calibration time. These
microspheres are designated for use in cases of inoperable HCC and HCC with complications due to portal vein
thrombosis. They have received approval from the United States Food and Drug Administration under a humanitarian
exemption, which is based on their established safety and potential clinical benefits. A total count of 1.2 million
microspheres generates an activity of 3 GBq (as stated in the TheraSphere® Yttrium-90 microspheres package insert,
Kanata CMN. http://www.therasphere.com/physicians-package-insert/ TS_Packagelnsert_USA_v12.pdf). Resin
microspheres are made of biocompatible resin and have a diameter ranging from 20-60 pmol/L, with an activity of 50 Bq
per sphere. They contain a lower concentration of Y90 per sphere compared to glass microspheres, necessitating a larger
number of spheres to administer a specific dose. This results in a higher embolic effect for the same dose delivery. To
achieve 3 GBq of activity, between 40-80 million resin microspheres (each with 50 Bq) are required, in contrast to the 1.2
million needed for glass microspheres, as detailed in the SIRS-Spheres® Yttrium-90 microspheres package insert from
Singapore Science Park SSM. http:/ /www sirtex.com/media/29845/ssl-us-10.pdf). Consequently, glass microspheres
have the least embolic effect for the same prescribed activity because they are injected in much smaller numbers. The
increased quantity of resin microspheres, despite the same prescribed activity level, could potentially lead to a more even
distribution of the dose, resulting in a heightened biological effect, which includes both toxicity and efficacy. For resin *Y-
microspheres, given the higher embolic load, no blind infusions should be performed. The microspheres are delivered
slowly at a rate of no more than 5 mL/min, as rapid delivery may cause reflux. During the procedure, the radiologist
must repeatedly check the position of the catheter to ensure its position and continued forward flow. In the case of glass *
Y-microspheres, due to the small number of microspheres used, it’s not necessary to completely saturate the entire
vascular bed or to use continuous fluoroscopic guidance during infusion. Typically, a full infusion can be completed in
about 5 minutes through a slow, manual injection while the patient breathes normally[12].

Another recent option is the use of microspheres containing holmium-166 (***Ho), which are now available in Europe as
an alternative to *Y microspheres[12,36]. *Ho offers advantages with its shorter half-life (26.8 h), high-energy beta and
gamma radiation, and MRI-friendly properties[37]. Treatment planning uses the same microspheres as radioembol-
ization, eliminating the need for *Tc MAA. Clinical evidence supports the efficacy and safety of 166Ho in unresectable
cancer[37]. Based on the latest usage guidelines, it's permissible for the average dose absorbed by the treated volume to
surpass 60 Gy, provided that the average dose absorbed by the entire liver remains below 60 Gy. This approach aims to
strike a balance between effective treatment and the safety of the liver[38].
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Figure 1 Simplified algorithm for therapies in managing advanced-stage intrahepatic cholangiocarcinoma. iCCA: Intrahepatic
cholangiocarcinoma; TAE: Trans-arterial embolization; TACE: Trans-arterial chemoembolization; TARE: Transarterial radioembolization; FGFR: Fibroblast Growth
Factor Receptor FOLFOX: FOL: Folinic acid (leucovorin), F: Fluorouracil (5-FU), OX: Oxaliplatin; IDH: Isocitrate Dehydrogenase; CT: Computed tomography; CT-
HDRBT: CT-guided high-dose-rate interstitial brachytherapy.

TOXICITIES

TARE for iCCA has demonstrated a favorable safety profile overall (Table 2). Ibrahim et al[26] reported a low incidence of
severe adverse events (grade 3 or 4) in their study, with 17% of patients experiencing grade 3 albumin toxicities and 4%
experiencing grade 3 bilirubin toxicities. Mild to moderate (grade 1 or 2) clinical toxicities were more common and
included fatigue (75% of patients), transient abdominal pain (38%), vomiting (13%), anorexia (8%), and nausea (4%).
Moderate to severe clinical toxicities were infrequent, with one patient (4%) developing a gastroduodenal ulcer, three
patients (14%) developing ascites, and two patients (9%) developing pleural effusion. Two patients died within 30 d after
the procedure. A subsequent review and meta-analysis by Boehm et al[24] found that TARE was associated with minor
treatment-related complications such as minor pain, fatigue, nausea/vomiting, and fever, while major complications
were rare, occurring in less than 1 event per patient. Liver-related complications varied widely, including increases in
liver enzyme levels, the development of hepatic abscesses, and cases of liver failure. Overall, grade 3 or 4 toxicities were
low following TARE.

Pellegrinelli et al[27] reported a low incidence of complications and side effects in their study of TARE. Out of 70
patients, 12 developed grade 1 side effects such as nausea, abdominal pain, fever, and vascular-like pseudoaneurysm.
Only two patients encountered severe (grade 3) side effects: one suffered from radiation-induced cholecystitis due to
unintended accumulation of Y microsphere, while the other developed angiocholitis. No hepatic dysfunction or deaths
related to TARE were observed[27]. Similarly, other studies, including those by Robinson et al[14] and Gangi et al[15]
reported no mortality associated with TARE. Biochemical toxicities were generally mild to moderate, with 3%-10% of
patients experiencing grade 3 biochemical toxicities. Constitutional toxicities were mostly grade 1 or 2, such as abdominal
pain, fatigue, nausea, and vomiting, with rare occurrences of grade 3 or 4 constitutional toxicities. The toxicities observed
in the study by Fleckenstein et al[29] were also mild to moderate, with few adverse events reported. When TARE was
combined with systemic chemotherapy in a study by Fleckenstein et al[29], the toxic effects observed were primarily due
to chemotherapy, with prevalent hematologic toxic effects of grade 3 or higher. The authors suggested a possible
association between TARE and chemotherapy in the development of these hematologic toxic effects. However, in patients
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Table 2 Transarterial radioembolization induced toxicities

Mild to moderate (grade 1-2) Severe (grade 3-4)
Paper Biochemical

(%) Constitutional (%) Biochemical (%) Constitutional (%)

o

Ibrahim et al[26], - Fatigue (75); Abdominal pain (38); Albumin (17); Bilirubin (4) Gastroduodenal Ulcer (4); Ascites
2008 vomiting (13); anorexia (8) (14); Pleural effusion (9)
Gangi et al[15], (53) Fatigue (42.3); Abdominal Pain (18.8);  Bilirubin and Alkaline phosphatase Liver abscess (2)
2018 Weight loss (7.1); Ascites (5.9) elevation (9)
Pellegrinelli etal - - - Cholecystitis and angiocholitis
[27], 2021 (2.85)
Robinson et al - - Bilirubin (10.5), Albumin (2.6), AST Abdominal pain, Cholecystitis
[14], 2022 increase (7.8), ALT increase (5.2) 41)

AST: Aspartate transaminase; ALT: Alanine transaminase.

with cirrhosis, the number of hepatic toxicities was high. Liver toxic effects such as ascites, altered liver function tests,
cholangitis, and acute cholecystitis were more common in cirrhotic patients. Among cirrhotic patients treated with TARE
without chemotherapy, liver failure occurred in 75% of cases (9 out of 12 patients), including non-reversible cases,
compared to 17% in patients without cirrhosis (all reversible cases). It was concluded that the combination of
chemotherapy and TARE should be avoided in patients with cirrhosis, while liver toxicities in patients without cirrhosis
were manageable, and no irreversible liver toxic effects were observed[28].

The researchers determined that combining chemotherapy with TARE is not advisable for patients who have cirrhosis.
On the contrary, liver toxicities was passable in patients without cirrhosis, and no irreversible liver toxic effect was seen.

PROGNOSTIC FACTORS

Several studies have investigated both tumor-independent and tumor-dependent factors that may influence the
prognosis of patients undergoing TARE for iCCA. The initial study by Ibrahim et al[26] showed that ECOG performance
status had an impact on OS, with grade 0 having a significantly higher median OS compared to grade 1 or 2. On the other
hand, tumor-dependent factors such as previous systemic chemotherapy, portal vein invasion, and infiltrative tumor
morphology were associated with a poorer prognosis. These factors indicate a more advanced or aggressive disease,
suggesting that TARE may be a viable treatment option for unresectable iCCA without portal vein involvement and/or
infiltrative behavior.

Similarly, Gangi et al[15] found a correlation between ECOG performance status score and median OS. Patients treated
with TARE who had ECOG performance status scores of 0 and 1 had a median OS of 18.5 mo, while those with a score of
2 had a median OS of 5.5 mo (P = 0.0012). Additionally, patients with symptoms or signs of liver failure, indicated by low
serum albumin levels, low international normalized ratio, and elevated aspartate aminotransferase, had lower OS. Poorly
differentiated tumor histology was also associated with lower OS, as previously described by Ibrahim et al[26]. The
relationship between metastatic disease and prognosis remains more controversial[14,15].

In contrast, Edeline et al[28] did not find any correlation between ECOG performance status and median OS in their
study. Similarly, Pellegrinelli et al[27] did not identify any tumor-independent factors that correlated with patients’
median OS.

CONCLUSION

To summarize, the available literature suggests that TARE may have a role in the treatment of iCCA, either as a
standalone treatment or in combination with systemic chemotherapy. However, further randomized trials and investig-
ations of combination therapies are necessary to establish its efficacy and confirm its safety. TARE for iCCA is generally
considered to have a favorable safety profile, with low rates of severe adverse events. However, caution should be
exercised when combining TARE with systemic chemotherapy, particularly in patients with underlying cirrhosis, as they
may be at a higher risk of liver toxic effects. Concomitant use of chemotherapy and TARE should be avoided in these
patients. It is important to note that advancements in systemic therapies have resulted in improved prognosis for iCCA
patients. Therefore, the role of TARE should be assessed within the context of these newer treatment options. Further
randomized studies are needed to determine the optimal patient population, treatment regimen, and long-term outcomes
associated with TARE in iCCA.
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