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Abstract

As the third leading cause of cancer-related deaths worldwide, hepatocellular
carcinoma (HCC) represents a significant global health challenge. This paper
provides an introduction and comprehensive review of transarterial radioembo-
lization (TARE) with Yttrium-90 (Y90), a widely performed transcatheter pro-
cedure for HCC patients who are not suitable candidates for surgery. TARE
involves the targeted delivery of radioactive microspheres to liver tumors, of-
fering a promising treatment option for managing HCC across various stages of
the disease. By evaluating Y90 TARE outcomes across early, intermediate, and
advanced stages of HCC, the review aims to present a thorough understanding of
its efficacy and safety. Additionally, this paper highlights future research di-
rections focusing on the potential of combination therapies with systemic and
immunotherapies, as well as personalized treatments. The exploration of these
innovative approaches aims to improve treatment outcomes, reduce adverse
events, and provide new therapeutic opportunities for HCC patients. The review
underscores the importance of ongoing research and clinical trials to optimize
TARE further and integrate it into comprehensive HCC treatment paradigms.

Key Words: Transarterial radioembolization; Hepatocellular carcinoma; Yttrium-90;
Radiation segmentectomy; Radiation lobectomy; Portal vein thrombosis; Combination
therapies; Downstaging; Curative-intent; Locoregional therapy
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Core Tip: This comprehensive review explores Yttrium-90 transarterial radioembolization (TARE) as an effective locore-
gional therapy for hepatocellular carcinoma across various stages. It compares TARE’s advantages over other locoregional
treatments and systemic therapies, emphasizing its role in enhancing treatment efficacy and patient outcomes. The potential
of TARE in combination with systemic and immunotherapies is highlighted, pointing towards a future of precision medicine
through personalized treatments. This comprehensive review aims to elucidate TARE’s efficacy, safety, and evolving role in
hepatocellular carcinoma management. By addressing emerging findings and new methodologies, we aim to advance the
understanding and application of this promising technique in interventional radiology.

Citation: Hao K, Paik AJ, Han LH, Makary MS. Yttrium-90 radioembolization treatment strategies for management of hepatocellular
carcinoma. World J Radiol 2024; 16(10): 512-527

URL: https://www.wjgnet.com/1949-8470/full/v16/i110/512.htm

DOI: https://dx.doi.org/10.4329/wjr.v16.i110.512

INTRODUCTION

Hepatocellular carcinoma (HCC) is a primary malignancy of hepatocytes that has a mean five-year survival rate in the
United States of 19.6% and is the third leading cause of cancer death worldwide[1-3]. These sobering statistics underscore
the urgency of identifying and developing effective treatment strategies for HCC. Historically, HCC therapies include
liver transplantation, liver ablation, and liver resection for early-stage HCC, while treatments for intermediate-stage HCC
and advanced-stage HCC have been limited to locoregional therapies (LRTs) or systemic therapies focused on the
manaement and delay of cancer progression[4-6]. Transarterial radioembolization (TARE) with Yttrium-90 (Y90) is a LRT
that has demonstrated effectiveness and safety[7-11]. Research has demonstrated that TARE performs favorably when
compared to other LRTs such as transarterial chemoembolization (TACE) and systemic therapies such as sorafenib[12,
13]. More recently, TARE has been included in the updated 2022 Barcelona Clinic Liver Cancer (BCLC) treatment recom-
mendations for HCC when first-line options are not feasible[14].

The objective of this review is to examine the role of TARE in the management of HCC across early, intermediate, and
advanced stages of the disease. By evaluating the outcomes associated with TARE, we aim to provide a comprehensive
understanding of its efficacy and applications as a treatment modality. This review will also illuminate future research
directions with particular emphasis on the potential of TARE combination therapies with systemic and immunotherapies.
The prospect of personalized treatments guided by molecular markers is explored, offering a glimpse into the future of
precision medicine in the battle against HCC.

TARE

Procedural technique

TARE, also referred to as selective internal radiation therapy, is a complex interventional radiology procedure that
delivers radioactive microspheres directly into an artery that perfuses a tumor or tumor-bearing tissue. Commonly, intra-
arterial injection of Y90 labeled glass or resin microspheres is used[15,16]. Metastatic hepatic malignancies have been
found to derive 80%-100% of their blood supply from the hepatic artery, unlike normal hepatic parenchyma which
derives 80% from the portal vein[15]. This unique attribute of hepatic malignancies allows the delivery of internal
radiation directly to the tumor, while relatively sparing the surrounding healthy liver parenchyma.

The preparation for TARE involves several steps to minimize risks and ensure that the patient is a suitable candidate
[15,17]. First, a preprocedural evaluation is conducted to measure bilirubin, coagulation profiles, and platelet counts. This
evaluation is essential for confirming adequate liver function and appropriate blood clot response, which are each
important factors to consider in lowering risks of post-TARE liver failure[15]. Notably, recent studies have shown that
TARE can still be a viable treatment option even in patients with high bilirubin levels, potentially allowing bridging or
downstaging for liver transplant candidates[18]. Following the preprocedural evaluation, an angiogram is performed to
map vascular anatomy and locate hepatic tumors[15,17]. A catheter is guided into the hepatic artery through a small
incision, typically in the groin, and navigated to the tumor site in the liver. Subsequently, macroaggregated albumin
(MAA) is injected into the hepatic artery with follow-up scintigraphy to determine the degree of shunting to the lungs
and thepresence of non-target distribution[15]. The simulation angiogram also reveals the location of the extrahepatic
arteries originating from the celiac trunk that will need to be avoided, including the cystic artery if the gallbladder is still
present[15,17].

During the TARE treatment procedure, a similar process is repeated, including angiography to identify the target
vessels. Y90 radioactive beads are then injected at the tumor site[19]. It should be noted that the injected microspheres
stay in the liver permanently, and that the radiation emitted slowly decreases over time[19]. Post-procedure, follow-up
imaging is performed to assess the tumor’s response to treatment[19].
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Indications and outcome predictors

TARE is offered for unresectable HCC patients across the early, intermediate, and advanced stages[15]. Several
prognostic factors have been identified to predict outcomes following TARE. These include an Eastern Cooperative
Oncology Group performance status of 0, hepatic tumor burden < 25%, and an index tumor diameter of < 4 cm[20]. The
Child-Pugh classification scheme is also another measure used to evaluate the patient’s liver function, which can be
helpful in determining if the patient is a suitable candidate for TARE[21]. This classification predicts TARE outcomes by
calculating a score based on five clinical measures: Bilirubin, albumin, international normalized ratio, ascites, and enceph-
alopathy. A higher Child-Pugh score correlates with a higher risk of complications from TARE[21].

TARE clinical outcomes and current strategies

Several studies have demonstrated the clinical effectiveness of TARE. For example, from 2017 to 2021, a study of 88
patients confirmed its safety and efficacy for lobar HCC treatment, particularly before the adoption of optimized
segmentectomy at that institution[11]. Six months post-treatment, outcomes showed 83.3% complete or partial response,
98.3% disease control rate, and 77.3% maintained or were downstaged to Milan criteria[11]. These results indicate
successful bridging to transplant and the long-lasting effect with TARE. Post-embolization syndrome was reported in
only 5% of patients, supporting previous findings that TARE offers a more tolerable side effect profile and higher quality
of life compared to treatments like sorafenib and TACE[11]. The trial also showed notable effectiveness in a complex
patient population. Over half of the patients had undergone prior invasive liver treatments and nearly 75% were in
BCLC-B or BCLC-C stages, establishing TARE's role in heavily pre-treated patients[11].

Additional prospective studies further support the benefits of TARE, especially when individual predictors, person-
alized dosimetry, and patient selection are considered. The multicenter European CIRT study analyzed 422 patients to
compare dosimetry calculated using the standard body surface area method to the partition model[22]. The partition
model utilizes differential tumor-to-nontumoral perfusion to personalize dose estimations. Comparative analysis through
an exact matching model reported significantly improved overall survival with the partition model compared to body
surface area-based dosing (23.4 vs 13.4 months)[22]. The ongoing PROACTIF study, a French post-approval registry with
670 patients, confirms the value of individualized TARE treatments[23]. Interim results showed a median overall survival
of 20.8 months, with selective administration providing better outcomes than non-selective (22.8 vs 18.5 months)[23].
Improved survival was also observed in patients with unilobar disease and lower albumin-bilirubin grades, reinforcing
the advantages of implementing personalized dosimetry and prognosis predictors in current TARE practice[23].

TARE safety and tolerance

While data have shown that TARE is generally well-tolerated, it is not without potential adverse events (AEs). These can
include fatigue or mild abdominal pain following the procedure[16]. However, no significant treatment-related complic-
ations or treatment-related deaths have been reported from TARE utilization[8]. The high safety profile and limited side
effects of TARE can be attributed to the low penetration depth of the high-dose beta radiation emitted during the
procedure, which extends only 2.5 mm from the source. This characteristic effectively limits AEs and minimizes unne-
cessary radiation exposure to surrounding tissues[8].

TARE IN EARLY HCC

Early HCC classification and interventions

The classification of early-stage HCC encompasses very early and early stages, corresponding to the 0 and A stages of the
BCLC staging system, respectively. Both stages are characterized by preserved liver function and the absence of
macrovascular invasion, extrahepatic spread, or cancer-related symptoms. BCLC-0 is defined by solitary nodules <2 cm,
while BCLC-A involves tumors < 3 cm, which can be solitary or multifocal, with up to three nodules[14].

The 2022 BCLC guidelines prioritize liver transplantation for early and very early HCC tumors[14]. However, many
patients become ineligible due to tumor progression or complications while awaiting donor organs. An early intention-to-
treat analysis in 1999 identified transplant waiting list dropout as the primary predictor of survival in 87 early HCC cases,
with a dropout rate of approximately 15%, despite Spain’s distinction for having the highest liver donation rate at the
time[24]. Recommended interventions pre-transplant include surgical resection and ablation, but these are limited by
specific inclusion criteria which may exclude many HCC patients. The 2012 European Association for the Study of the
Liver and European Organization for Research and Treatment of Cancer Clinical Practice Guidelines estimated that only
about 20% of HCC patients were eligible for surgical resection due to tumor characteristics and related factors[25,26].

Given the candidacy limitations of transplantation, ablation, and resection, alternative treatments are needed. TARE
radiation segmentectomy (RS) has emerged as an effective curative-intent therapy supported by growing clinical
evidence[14,27,28]. In 2011, Riaz et al[28] initially introduced RS as a selective technique to deliver a potent tumoricidal
dose that minimizes collateral injury to healthy liver tissue, thereby confining and eradicating tumors within 1-2 targeted
segments[27-29]. Several studies further confirm the safety of high-dosage TARE RS due to its beneficial selectivity and
subsequently reduced target liver volume[30,31]. TARE has demonstrated a longer time to disease progression in BCLC-
A patients compared to other treatments[32]. The 2022 BCLC guidelines correspondingly recommend TARE for BCLC-A
patients facing transplant waiting periods over six months, being one of the treatment options that delay tumor pro-
gression alongside ablation and TACE[14]. Further studies have shown TARE's efficacy in managing complications
associated with specific disease states and patient factors, highlighting its role in personalized treatment plans for early
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HCC.

Early efficacy of early HCC TARE interventions

The introduction of TARE for early-stage HCC was more gradual compared to its use in intermediate or advanced stages,
where it was typically a refractory treatment. A seminal multicenter study by Riaz et al[28] in 2011 focused on TARE for
unresectable HCC tumors, specifically targeting two or fewer liver segments. The study reported a median overall
survival (OS) of 26.9 months and a median time-to-progression (TTP) of 13.6 months[28]. However, inconsistent inclusion
criteria and adherence to treatment guidelines limited the study, necessitating further research on TARE for early-stage
HCC.

Subsequent retrospective reviews over the decade have continued to support TARE's benefits for BCLC 0-A stage
tumors[33]. A study by Vouche et al[26] showed TARE had a median TTP of 33.1 months, a median time-to-transplan-
tation of 6.3 months, and a median OS of 53.4 months. These results suggest that the outcomes for TARE are comparable
to radiofrequency ablation (RFA) and could be preferred in solitary, unresectable HCC < 5 cm. Because ablation curative-
intent therapies are typically accepted for tumors < 3 cm, TARE offers alternative advantages of treating tumors up to 8

cm, reducing the risk of unintentional tumor seeding, and preventing liver injury near critical anatomical structures[26,
29].

Comparable efficacy of TARE to standard curative-intent treatments in early HCC

In 2018, Lewandowski et al[27] conducted a study that followed 70 patients with preserved liver function over 14 years,
demonstrating that TARE produced long-term clinical outcomes comparable to mainstream curative-intent techniques for
early-stage HCC. The study revealed similar response rates, tumor control, and survival outcomes to resection, RFA, and
transplantation, with longer survival for patients with <3 cm tumors (BCLC stage 0). Again, this confirms TARE's
comparable efficacy to RFA[27].

Impact of landmark studies on TARE usage in early HCC

Two landmark studies, LEGACY and RASER, further explored TARE’s effectiveness in 2021 and 2022 respectively. Refer
to Table 1 for a summary of these landmark studies. LEGACY was a retrospective study conducted across three clinical
centers that was instrumental in confirming both the specific safety, efficacy, and indication for TARE treatment for early-
stage HCC tumors[34]. The study included 162 patients with solitary HCC nodules up to 8 cm, with 45 individuals
receiving TARE as neoadjuvant therapy (with transplantation or resection) between 2014 and 2017. LEGACY addressed
retrospective limitations by being the first to incorporate a blinded, independent, central review with two independent
radiologists evaluating follow-up imaging. Primary endpoints included objective response rate (ORR) and duration of
response (DoR) assessed by mRECIST, along with OS. The best ORR was 88.3%, with 62.2% of patients having a DoR
greater than six months, and a median OS of 57.9 months[34]. These LEGACY parameters, outcome measures, and
standards for therapeutic success were reviewed in accordance with the Food and Drug Administration. Across all 162
patients, the best ORR was 88.3%, with 62.2% having a DoR of greater than 6 months and a median OS of 57.9 months.
Higher response rates were also observed in BCLC-A patients compared to the BCLC-C group, with the best ORR
increasing to 89.8% and 65.9% of patients showing a DoR over six months. The LEGACY trial left an incredible impact on
the TARE technique moving onwards. The Food and Drug Administration set objective standards to determine the
success of LEGACY protocol based on target DoR and ORR both by localized mRECIST. The study results surpassed
these criteria, granting Premarket Approval of TheraSphere as a novel radiation therapeutic tool. TheraSphere contains
millions of glass microspheres that deliver Y90 to hepatic tumors, and it is one of two microsphere delivery options
currently available. Furthermore, LEGACY results directly informed the 2022 revision of the BCLC guidelines, which
newly incorporated TARE as an available treatment for patients with single nodules up to 8 cm in size[14]. In conclusion,
the LEGACY study played a pivotal role in solidifying the clinical significance, safety, efficacy, and future applications of
TARE therapy in early-stage as well as advanced HCC tumors.

The RASER trial, a single-arm prospective study, overcame prior limitations of retrospective studies and focused on a
cohort with solitary nodules < 3 cm unsuitable for ablation[35]. Twenty-nine eligible adults underwent TARE and were
followed for up to 24 months with office visits and imaging evaluations, with mRECIST used to evaluate target tumor
response. The trial aimed to demonstrate a 30% improvement in complete response rate compared to other standards like
TACE, achieving a remarkable ORR of 100%, with 83% complete response and 17% partial response. The median time to
complete response was forty three days, indicating a rapid therapeutic effect, with 90% of patients maintaining a sus-
tained complete response after initial treatment[35]. Along with a median DoR of six hundred and thirty five days, these
results highlight the durable impact of TARE. However, it’s crucial to acknowledge that 17% of patients received addi-
tional therapies during the study, which could have influenced observed outcomes. Disease progression rates at 1 and 2
years were 4% and 12%, respectively. These rates, along with sustained complete response rates, were comparable to
those observed in prior thermal ablation trials, affirming the efficacy of TARE relative to established standards of care.
27% of patients receiving liver transplantation also showed 100% complete pathological necrosis (CPN) on pathology
results of target lesions, although additional HCC tumors were found in explanted liver tissue. This CPN rate is notably
higher than those reported in earlier prospective studies by Lu et al[36] and Mazzaferro et al[37] with ablation of tumors <
3 cm, which were 83% and 63% respectively. Only one death occurred during the study due to advanced HCC progre-
ssion and portal invasion, with most side effects being transient or mild. The prospective RASER study provided valuable
data on Y90 TARE as a curative-intent treatment for early-stage HCC, including tumor control, safety profile, and long-
term clinical outcomes.

WIR | https://www.wjgnet.com 515 October 28,2024 | Volume16 | Issuel0 |

Jaishideng®



Hao K et al. Y90 radioembolization for HCC

Table 1 Landmark studies testing transarterial radioembolization, transarterial chemoembolization, and sorafenib as hepatocellular

carcinoma therapies

Ref. LEGACY[34] TRACE[40] PREMIER[50]  RASER[35]  SARAH[69] SIRveNIB[68]
Publication date 2021 2022 2016 2022 2017 2018

Combination tested TARE TARE vs TACE TARE vs TACE TARE TARE vs sorafenib TARE vs sorafenib
Sample size 162 TARE: 38, TACE: 34 TARE: 24, TACE: 29 TARE: 237, sorafenib: 222 ~ TARE: 182, sorafenib: 178

ECOG performance
status

Child-Pugh score

0: 98 (66.7%),
1: 64 (39.5%)

A5: 108
(66.7%); AG: 54
(333%)

TARE - 0: 34 (90%),

1:4 (11%); TACE - 0:

29 (85%), 1: 5 (15%)

TARE - A: 36 (95%),
B: 2 (5.3%); TACE -
A:29 (85%), B: 5

21

NDA

TARE - A: 12
(50%), B7: 6
(25%), BS: 3

0: 28 (100%)

AB: 14 (48%),
A6:12 (41%),
B7:3 (10%)

TARE - 0: 145 (61%), 1: 92
(39%); sorafenib - 0: 139
(63%), 1: 83 (37%)

TARE - A5+A6: 196 (83%),
B7:39 (16%); sorafenib -
A5+A6: 187 (84%), B7: 35

TARE - 0: 135 (74.2%), 1:
47 (25.8%); sorafenib - 0:
141 (79.2%), 1: 37 (20.8%)

TARE - A: 165 (90.7%), B:
14 (7.7%); sorafenib - A:
160 (89.9%), B: 16 (9.0%)

(15%) (12.5%), B9: 3
(12.5%); TACE -
A:15 (71%), B7:3
(14%), B8: 2
(10%), B9: 1 (5%)

(16%)

Median overall NDA TARE: 30.2, TACE: TARE: 18.6, NDA TARE: 8.0, sorafenib: 9.9 TARE: 8.8, sorafenib: 10.0
survival (months) 15.6 TACE: 17.7

Median time to NDA TARE: 17.1, TACE: TARE: > 26, NDA NDA TARE: 6.1, sorafenib: 5.4
progression 9.5 TACE: 6.8

(months)

Objective response  86.4% TARE: 88%, TACE:  NDA 90% TARE: 49%, sorafenib: 66% NDA

rate 87%

Median duration of 10.6 NDA NDA 209 NDA NDA

response (months)

Median progression NDA TARE: 11.8, TACE: NDA NDA TARE: 4.1, sorafenib: 3.7 TARE: 5.8, sorafenib: 5.1
free survival 9.1

(months)

TARE: Transarterial radioembolization; TACE: Transarterial chemoembolization; NDA: No data available; ECOG: Eastern Cooperative Oncology Group.

Side effects and benefits of TARE in early HCC tumors

TARE is a more recent technique than other HCC treatments, and clinical questions remain especially for both early and
very early tumor grades. The side effects of TARE therapy for early-stage HCC tumors are a meaningful area of research
focus. While investigations of TARE were transitioning from solely palliative in late-stage tumors to a potentially curative
therapy for early HCC cases, a 2009 case study drew attention to potential side effects by describing one patient with
early-stage HCC who developed gastric radiation enteritis after TARE treatment[38]. The case review introduced the
need for prospective studies to elucidate possible risks and side effects. Since that time, several studies involving early-
stage HCC tumors continue to demonstrate evidence supporting the safety and efficacy of TARE[26,34,35]. As previously
mentioned, RASER along with other trials highlights TARE's effectiveness in achieving CPN and related improvement in
outcomes[35,39]. CPN represents the effective elimination of malignant cells and is an important measure of treatment
success directly related to positive patient outcomes, and TARE’s advantage in achieving this established its use as a
curative-intent treatment. Compared to TACE, TARE offers superior tumor control, longer TTP, and greater OS for
BCLC-A and BCLC-B patients, enhancing its role in bridging to liver transplantation or downstaging targets[39,40]. TARE
also had a similar efficacy to TACE when either was used as a combined therapy with microwave ablation in unre-
sectable, solitary nodules up to 3 cm[32]. These benefits and the potential specificity of TARE to patient factors un-
addressed by other treatments have led to its inclusion in recent updates of international guidelines from the European
Society for Medical Oncology, BCLC, and more[14,41].

OUTCOMES FOR TARE IN INTERMEDIATE HCC

Intermediate HCC corresponds to a BCLC-B and is defined as being multinodular with preserved liver function, having
no cancer-related symptoms, no vascular invasion, and no extrahepatic spread[14]. The 2022 BCLC recommendations
further stratified BCLC-B into 3 subgroups dependent on tumor burden and liver function, with different treatment
strategies for each subgroup[14]. Patients in the first BCLC-B subgroup have well-defined HCC nodules and are treated
with liver transplant if extended liver transplant criteria are met[42]. Patients in the second BCLC-B subgroup cannot
receive liver transplants but have preserved portal flow, have defined tumor burden, and are treated with TACE or
systemic therapy[14,25,43,44]. Patients in the third BCLC-B subgroup have diffuse, infiltrative, extensive HCC liver
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involvement and are treated with systemic therapy[45]. A growing body of literature augments the role of TARE in
improving intermediate HCC treatment algorithms, especially as a treatment alternative in situations where TACE is
ineffective[46-48]. A growing number of clinical studies suggest that TARE can even be considered as a superior re-
placement for TACE during second stage BCLC-B due to TARE’s more favorable endpoint measures. Recent literature
also suggests TARE and TACE used together as a combination therapy for BCLC-B may also be an effective treatment.

TARE as a potential alternative to TACE for second stage BCLC-B

TARE has been considered as an alternative treatment to the more traditional TACE therapy in BCLC-B patients[4,46,47,
49]. While TARE has not yet been officially accepted in any official international guidelines, many trials have warranted
TARE to be considered as a potential aspect of future HCC treatment algorithms. The 2016 PREMIERE randomized phase
2 study comparing the effects of TACE and TARE in patients diagnosed with BCLC-A or BCLC-B, randomly assigned 179
participants to either TACE or TARE and found that median TTP was significantly increased for the TARE group with >
26 months compared to the TACE group with 6.8 months, demonstrating superior tumor control and survival in TARE
treatment[50]. The median OS for TACE and TARE was 17.7 months and 18.6 months respectively and were not
significantly different in PREMIERE which corroborates a 2015 study that found similar OS and TTP between TACE and
TARE’s treatment among BCLC-B patients, despite the fact that there was a larger tumor burden among TARE patients
compared to TACE patients[50,51]. A summary of PREMIERE can be found in Table 1. Furthermore, TARE Y90 was
better tolerated, associated with fewer hospitalizations, had a superior safety profile, and had fewer treatment sessions
than compared to TACE[51]. This further demonstrates the potential of TARE’s potential as a suitable or even superior
alternative to TACE in intermediate HCC. These findings were further corroborated by the 2022 Treatment of Hepato-
cellular Carcinoma (TRACE) trial which was a single-center prospective randomized controlled trial comparing the
efficacy of TARE vs TACE for patients with BCLC-B HCC[40]. A summary of TRACE can be found in Table 1. TRACE
found that OS was 30.2 months after TARE and 15.6 after TACE. Patients undergoing TARE had a longer median TTP
with 17.1 months compared to TACE with 9.5 months and TARE also had similar safety measures as TACE[40].
Additionally, a 2017 prospective cohort study treating 152 BCLC-B patients with TARE found that the median OS was 25
months which was similar to the median OS of 19.4 months for patients undergoing TACE as reported by the 2018 EASL

clinical guidelines, again further supporting TARE's potential promise as a TACE alternative for intermediate HCC[25,
52].

TARE in late-stage BCLC-B

It must be emphasized that TARE's promise as a potential replacement for TACE only holds true during the second stage
BCLC-B[25]. Guidelines maintain that systemic therapy such as sorafenib is the primary first-line treatment for late-stage
BCLC-B and that TACE or TARE should not be performed at this stage[14]. In fact, while TARE has been shown to have a
good safety profile and local tumor control, TARE still fails to show an overall survival benefit when compared to
sorafenib treatment in late-stage BCLC-B and BCLC-C patients[25]. Studies show that sorafenib alone still has superior
OS and TTP outcomes compared to TARE in late-stage BCLC-B[25].

TARE and TACE as a part of a combination therapy for BCLC-B

An emerging area of study is the potential benefits of a combination therapy using both TARE and TACE techniques in
treating BCLC-B. While the literature is still limited, the few studies that focus on this question show promising results. A
2022 study comparing outcomes in BCLC-B patients who received either TARE alone or a combination therapy of TARE
followed by TACE found that patients in the combination group had significantly longer OS of 36.8 months compared to
10.6 months in the TARE only group[53]. The combination group also had significantly longer TTP of 14.4 months
compared to 5.5 months in the TARE only group[53]. Although this study was limited in its retrospective nature, its
encouraging results warrant future prospective studies that further examine combination therapies. A combination
therapy of TACE with sorafenib may also prove to be an area of interest for future studies for BCLC-B patients for
possible synergistic effects. However, it again should be noted that according to current guidelines, sorafenib is likely
more suited for advanced HCC therapy regimens[54].

TARE WITH Y90 IN ADVANCED HCC

According to the BCLC staging system, grade C HCC is classified by the presence of portal invasion and/or extrahepatic
spread, alongside preserved liver function (performance status 1-2)[14]. Symptomatic patients are often in the advanced-
stage of this disease, and are not responsive to curative treatments such as resection or transplant[55]. Current guidelines
recommend initial treatment with combination immunotherapies such as atezolizumab-bevacizumab (atezo-bev) or
durvalumab-tremelimumab, which have been demonstrated to be superior to other common forms of therapy. This is
then followed by sorafenib, envatinib, or durvalumab alone in cases of contraindications[56-58]. Of note, emerging evi-
dence suggests that envatinib may surpass atezo-bev in efficacy, positioning it as a potential first-line therapy[59]. For
post-sorafenib management, second-line treatments include regorafenib, ramucirumab, and cabozantinib, the latter of
which is also considered a third-line therapy[60-62]. While TARE using Y90 is recognized as a safe and effective option
for advanced-stage HCC, its utility as monotherapy is limited due to the comparative levels of effectiveness of various
immunotherapies. As a result, TARE as a standalone approach is not currently included as a standard of treatment for
advanced HCC and is unlikely to be included in the foreseeable future. However, when integrated with other treatments,
TARE offers valuable potential strategies to personalize treatment regimens and improve patient outcomes. The

WIR | https://www.wjgnet.com 517 October 28,2024 | Volume16 | Issuel0 |

Jaishideng®



Hao K et al. Y90 radioembolization for HCC

following sections will explore these potential regimens and review existing literature on TARE, either alone or in
combination with other modalities.

Outcomes of TARE as a monotherapy in advanced HCC

TARE has been validated as an effective option in the setting of advanced HCC[63]. A 2010 study done on 159 European
patients found that Y90 radioembolization had similar median OS rates to that of sorafenib, a finding corroborated in a
separate 2011 study on 325 European patients, where radioembolization improved OS in patients across various BCLC
stages without inducing severe AEs[64,65]. In portal vein thrombosis (PVT) cases, which occur in about 35%-50% of HCC
patients, people with BCLC-C also had competitive outcomes to sorafenib[66,67]. This was a significant development
especially because TACE failed to show significant survival benefits in advanced HCC and the only available options for
treatment have been systemic therapies. However, while TARE has been found to be comparable, it has not been
demonstrated to have any major benefits over sorafenib nor has it been shown to work better in combination with
sorafenib[68-70]. Given the price of Y90 treatment, sorafenib may be the more cost-effective method in light of their
similarities[71].

More recent developments have brought to light the utility of TARE in downstaging advanced HCC. While sorafenib, a
systemic treatment, is recognized for extending life expectancy, it does not effectively reduce tumor size[69,72,73]. In an
Italian retrospective study, TARE was found to be significantly more effective at downstaging patients, with 10 out of 41
patients treated with TARE achieving curative-intent surgery compared to only 1 out of 24 patients treated with sorafenib
[74].

Between TARE and sorafenib, TARE generally shows a more favorable profile in terms of AEs. Fewer patients who are
treated with TARE experienced serious AEs compared to those treated with sorafenib- 20.8% vs 35.2%, respectively[68].
Additionally, the types of AEs associated with sorafenib, such as fatigue, diarrhea, rash, hand-foot skin reaction, hy-
pertension, weight loss, and rash are more disruptive than symptoms reported in TARE, including fatigue, fever, nausea/
vomiting, and abdominal pain[75]. Given that Y90 TARE as an initial advanced HCC therapy has been shown to be non-
inferior to sorafenib, the greater safety profile of TARE leaves room for personalized therapies, especially in the setting of
palliative care[76]. Another study compared atezo-bev against TARE, showing that both treatments had similar effect-
iveness with 14.9 months OS and 6.8 months progression free survival (PFS) for atezo-bev vs 15.0 months OS and 4.4
months PFS for TARE[77]. Although TARE was not more effective than atezo-bev, this study further suggests TARE can
be a viable treatment alternative for certain patients with advanced HCC.

TARE as a combination therapy in advanced HCC

Given the separate mechanisms of action between locoregional TARE and commonly used systemic drugs, combination
therapies have been hypothesized to improve outcomes in patients with advanced HCC. However, TARE and sorafenib,
one of the most used first-line drugs in treating BCLC-C HCC, have been explored in several studies with mixed
outcomes. The SORAMIC trial is one prominent study that investigated this combination, and it did not demonstrate a
significant OS benefit with the addition of TARE to sorafenib compared to sorafenib alone for patients with advanced
HCC[70]. This same trial does propose that TARE-sorafenib treatment has potential for investigation in non-cirrhotic
patients, younger patients, and non-alcoholic HCC patients, leaving open a possibility for the development of person-
alized therapies.

There have been multiple combination therapies consisting of TARE and another immunotherapy, such as durva-
lumab, nivolumab, pembrolizumab, and atezolizumab. Reference Table 2 for a summary of TARE combination therapies
for advanced HCC. TARE and durvalumab have been safely combined in patients with locally advanced unresectable
HCC in a phase I/1la trial consisting of 23 patients[78]. According to this trial, median PFS was 6.9 months, TTP was 15.2
months while the 18-month OS rate was 58.3%. The efficacy of TARE-durvalumab is encouraging, and the results of this
study implicate the need for further large-scale controlled trials. Nivolumab is another immunotherapy that has been
tested following TARE administration, and similar to durvalumab, shows promising efficacy along with an acceptable
safety profile[79,80]. The NASIR-HCC single-arm study specifically found a PFS of 9 months, a median TTP of 8.8
months, and a median OS of 20.9 months. Very recently, an open-label, single-arm, multicenter pilot study treated
patients with pembrolizumab in conjunction with Y90 radioembolization, resulting in a median PFS of 9.95 months, a
TTP of 9.95 months, and a median OS of 27.3 months[81]. Atezo-bev, an immunotherapy-antiangiogenic combination
with demonstrated superiority over sorafenib was tested in conjunction with TARE duo therapy, resulting in a PFS of
78.8% and 66.7% at 6- and 12-month, respectively. 6-month and 12-month OS rates were 90.0% and 77.1%, respectively
[81]. Overall, these studies have each shown that TARE combined with each prospective immunotherapy shows
acceptable safety profiles and promising outcomes, warranting the cause of larger comparative studies.

TARE IN THE SETTING OF PVT

While PVT can result from benign etiologies, it can occur in patients with advanced disease due to portal vein invasion by
an aggressive tumor. Once the portal vein is invaded, the BCLC staging system places HCC patients at stage C, at which
point patients are candidates for palliative systemic therapy[14]. It is important to note that main portal vein trunk
involvement can worsen cancer prognosis through obstruction, which leads to portal hypertension and increased risk for
cancer spread[82]. Thus, developing treatment methods for patients with advanced HCC and PVT is crucial to improving
survival rates and quality of life. Personalized dosimetry can also enhance TARE treatments of HCC with PVT, with one
study yielding an OS of 22.9 months compared to 9.5 months[83-85]. Tailored TARE dosing can therefore expand current
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Ref. HCRN GI15-225[31] NASIR-HCC[30]  SOLID[78] Yu et al[96] SORAMIC[70]

Publication date 2024 2022 2023 2023 2019

Combination tested TARE + pembrol- TARE + nivolumab  TARE + durvalumab TARE + atezo-bev TARE + sorafenib vs
izumab sorafenib

Sample size 27 42 24 10 216

ECOG performance status 0:13 (48%), 1: 14 0:38 (90.5%), 1: 4 0:20 (83.3%), 1: 4 0:4(40.0%), 1: 4 (40.0%), NDA

(52%) (9.5%) (16.7%) 2-3:2(20.0%)
Child-Pugh score A:26(96.0%), B7: 1 Ab5:36 (85.7%), A6: 6 A5:21 (87.5%), A6:3  A:8(80.0%), B: 2 (20.0%) A:190 (88.0%), B: 26
(4.00%) (14.3%) (12.5%) (12.0%)
Median overall survival 27.3 20.9 NDA NDA TARE + sorafenib: 12.1,
(months) sorafenib: 11.4
Median time to progression ~ 9.95 8.80 152 NDA NDA
(months)
Objective response rate 36.0% 41.50% 83.3% NDA NDA
Median duration of response  5.50 7.75 7.2 NDA NDA
(months)
Median progression free 9.95 9.0 6.9 NDA NDA

survival (months)

atezo-bev: Atezolizumab-bevacizumab; TARE: Transarterial radioembolization; TACE: Transarterial chemoembolization; NDA: No data available; ECOG:

Eastern Cooperative Oncology Group.

avenues to improve outcomes in especially challenging PVT cases.

TARE in palliative treatment of advanced HCC with PVT

TACE is widely recognized as the gold standard for treating intermediate, unresectable HCC. However, the presence of
PVT poses a relative contraindication to TACE due to the heightened risk of hepatic infarction and deterioration of liver
function[86]. In this context, TARE emerges as a promising palliative alternative for advanced HCC with PVT, demon-
strating improved median survival rates with a comparatively strong safety profile[87]. Particularly, patients with Child-
Pugh A liver disease and PVT are especially strong potential candidates for Y90 radioembolization[88]. In a systematic
review, Salem et al[88] recorded that patients who received TARE and had either branch or main branch PVT had a
median survival of 16.6 and 7.7 months respectively. Similar patients using sorafenib had a median survival of 8.9
months, though further comparisons could not be drawn due to a lack of further categorization.

When PVT involves the main portal vein, TARE and systemic therapies are the only options. If the thrombosis involves
only a right or left branch, and the tumor is on the opposite side, both TACE and TARE to the contralateral side are viable
treatment options. The liver has a dual blood supply from the portal and hepatic arteries, and tumors primarily receive
their blood supply from the hepatic arteries. This allows TACE to target the tumor without significantly damaging the
liver’s overall blood supply. However, when the portal vein is obstructed, performing TACE could lead to liver devascu-
larization. TARE, on the other hand, is a non-ischemic treatment that does not introduce enough particles to cause arterial
occlusion, making it a safer alternative in such cases[87].

Moreover, TARE is associated with a favorable safety profile compared to TACE. TACE, which has a greater ischemic
effect over TARE, has a higher incidence of post embolization syndrome[89]. This syndrome is a complication that occurs
in some patients within 72 hours after transarterial embolization, presenting with fever, nausea, abdominal pain, and
fatigue[90]. In fact, out of 32 treatments, 25% of patients had no AEs of any form[91]. The same is true compared to
sorafenib. While radioembolization has a similar efficacy to sorafenib, it has a significantly improved sustained health
status[92]. Thus, TARE may be a superior option for palliative treatment in advanced HCC with PVT, as it offers a similar
efficacy with improved quality of life. Nonetheless, additional research is necessary to definitively ascertain the roles of
these treatments in the palliative care of advanced HCC with PVT.

TARE in downstaging advanced HCC with PVT

TARE, along with TACE, hepatic artery infusion chemotherapy, combined chemo-radiotherapy, and stereotactic body
radiation therapy are downstaging techniques used in the treatment of intermediate HCC, after which curative treat-
ments, such as liver transplantation, may be used[93]. This same treatment can be useful for select patients who are good
candidates based on several factors, including the Japanese Vp classification and Cheng Type classification[93].

The unique features of TARE make it a great candidate for downstaging advanced HCC with PVT, though more
studies are needed to compare the efficacy of TARE to other downstaging methods. First, TARE is less likely to induce
post-embolization syndrome. As stated, it has been shown to be particularly effective in the presence of PVT and can be
delivered with relatively few treatments. In one Italian hospital, 5 out of 24 advanced HCC with PVT patients treated
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with TARE were successfully downstaged to surgical curative-intent treatment[94]. These findings correlate with the 6 of
21 patients who were downstaged and treated radically in a separate study, which also found that long term survival
post-treatment was 75% at 3 years, a number comparable to survival in patients treated radically in early-stage disease
[95]. Given that TARE can rescue advanced HCC to surgery, there is validity for TARE to be used instead of sorafenib in
certain patient cases, especially those with a prognostically higher chance of successful downstaging.

FUTURE DIRECTIONS

While TARE has emerged as a promising treatment, particularly in the management of HCC, there are several areas
where further research and development can realize TARE’s full potential. Many aspects of the TARE technique can be
potentially expanded or fine-tuned through future clinical trials and include but are not limited to combination therapies
with immunotherapy, personalized dosimetry to improve patient outcomes, use of radioembolization TARE radionu-
clides other than Y90 such as Holmium-166 (Ho-166), and use of TARE in cholangiocarcinoma (CCA).

TARE synergies with immunotherapies and systemics

TARE demonstrates multiple immunologic and inflammatory changes that can offer opportunities for synergistic effects
with immunotherapy and other systemic therapies. Previous research studies have found that there are significant
increases in interleukin (IL)-1 and IL-6 in patients 3 days after undergoing Y90 radioembolization[96]. It has been shown
that rises in IL-1 and IL-6 levels specifically serve important roles for initiating acute-phase inflammatory responses that
may provide pro-apoptotic or pro-survival effects[97,98]. Separate studies have also found an increase in IL-8, markers
for oxidative stress, and significant increases in factors related to liver regeneration[99]. Granzyme B expression, along
with higher infiltration of CD8+ T cells, CD56+ natural killer cells, and CD8* CD56" natural killer T cells, demonstrates
local immune activation in tumor-infiltrating lymphocytes isolated post Y90 TARE[100].

Analysis of peripheral blood mononuclear cells before and after Y90 radioembolization showed elevated levels of
tumor necrosis factor-a on both CD8+ and CD4+ T cells, along with an increased percentage of antigen-presenting cells,
indicating systemic immune activation. Moreover, patients who respond favorably to Y90 TARE exhibit a high per-
centage of CD8+ T cells co-expressing inhibitory receptors programmed death 1 and T cell immunoglobulin and mucin
domain 3 along with homing receptors CC chemokine receptor 5 and CXCR6[100]. This specific T cell phenotype
indicates that, despite the expression of exhaustion markers, these cells are actively recruited to the tumor site. The
immune activation not only supports the direct cytotoxic effects of TARE but also enhances the tumor’s immunogenicity,
offering opportunities for synergistic effects when combined with immune checkpoint inhibitors that target related
pathways[101]. Consequently, the combination of TARE with immunotherapies holds promise for improving therapeutic
outcomes by leveraging both local tumor control and systemic immune activation.

Combination therapies with immunotherapy

The field of combination therapies for HCC with TARE is rapidly evolving. Recent studies highlight promising synergies
between TARE and various systemic treatments, including immune checkpoint inhibitors and anti-angiogenic agents.
Reference Table 2 for a summary of TARE combination therapies for advanced HCC. To confirm these initial findings and
determine long-term efficacy, further prospective and comparative studies with larger sample sizes are necessary.
Specifically, randomized clinical trials are needed to evaluate the optimal sequence of TARE and atezo-bev adminis-
tration, as well as the combination of TARE and nivolumab in patients with large or multiple tumors or those with portal
vein invasion[80,102]. Similarly, larger studies are essential to assess the benefits of combining pembrolizumab with Y90
radioembolization and to explore the potential advantages of earlier treatment with checkpoint blockade in non-
metastatic HCC patients[102]. Additionally, further exploration of combination treatments with TARE and sorafenib is
needed, focusing on specific subgroups such as younger patients, non-cirrhotic patients, and those with HCC of non-
alcoholic etiology[70]. These future directions underscore the potential of combination therapies to enhance treatment
outcomes for HCC patients.

As mentioned, previous combination studies with immunotherapy have shown promise, but are largely limited by
small sample sizes and the need for larger, well-designed trials. Thus, a 2023 publication identified patients with
advanced HCC that were treated with either combined TARE + immunotherapy or immunotherapy alone, finding that
patients treated with a combination of TARE and immunotherapy had an ORR of 30%, with tumor regression observed in
81% of patients[103]. Notably, these researchers found that this combined therapy was associated with improved OS rates
compared to immunotherapy alone, nearly doubling the median OS from 9.5 months to 19.8 months. The combination
therapy also demonstrated a 50% reduction in mortality hazard compared to immunotherapy alone. These promising
results underscore the potential of TARE combined with immunotherapy to significantly improve outcomes for patients
with advanced HCC. Ongoing larger clinical trials are expected to further test these findings and help establish optimal
treatment protocols for these patients.

Personalized TARE dosimetry to improve patient outcomes

Personalization of the TARE technique continues to significantly evolve in recent years. Potential optimization options, as
discussed by Dr. Marnix Lam, include but are not limited to microsphere material, dose distribution and activity
prediction models, and alternative radionuclide choice such as Ho-166[104,105]. The toxicity profiles of resin and glass
microspheres are notably distinguished by their differences in particle count and distribution. TheraSphere has a lower
particle count, higher specific activity, and more heterogenous distribution when compared to resin microspheres known
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as SIR-Spheres[105]. A study of lobar radioembolization in healthy pig livers using TheraSphere supported the ob-
servation that a higher number of delivered microspheres increases absorbed-dose homogeneity, resulting in larger liver
volumes exposed to a potentially cytotoxic dose[106]. Thus, because of its higher particle delivery and homogeneity, Sir-
Spheres can present the same toxicity risk as TheraSphere even when the radiation dosage is reduced by half.

Radioembolization TARE radionuclides other than Y90 such as Ho-166

A study conducted by Stella et al[104], which Dr. Lam was also involved in, further describes the promising advantages of
utilizing Ho-166 radionuclides for TARE treatments instead of Y90. Unlike Y90, which faces limitations in single photon
emission computed tomography (SPECT) resolution and positron emission tomography sensitivity, Ho-166 can be
visualized and monitored in real-time using both magnetic resonance imaging and SPECT at low quantities due to its
lanthanide properties[104,105]. This enables the use of the same Ho-166 microspheres for both the scout and therapeutic
doses, which improves the accuracy of treatment planning compared to other modalities[104]. In previous studies,
workup utilizing MAA labeled with Technetium-99m (99mTc) would typically precede Y90 radioembolization to predict
radioactivity distribution. However, the predictive value of planning with 99mTc-MAA for post-treatment Y90 distri-
bution was found to be suboptimal in the SARAH trial and only correlated well in 53% of patients[69,105]. This
discrepancy that was observed in almost half of the patients underscores the need for a more reliable scout procedure. A
summary of the SARAH study can be found in Table 1. As mentioned before, Ho-166 is consistently utilized in both
planning and treatment phases which improves the accuracy of lung-shunt and intra-hepatic distribution estimates[104,
105]. Stella et al’s study also introduces a novel dual isotope technique that employs Ho-166 for precise tumor targeting
while also utilizing 99mTC-stannous phytate to delineate normal liver tissue, offering effective identification of tumor
tissue that is distinguished from health liver using SPECT/CT imaging alone[104]. Ho-166 dual isotope protocol has
demonstrated efficacy and feasibility in both phantom studies and clinical settings, with further explorations seeking to
optimize the Ho-166 and 99mTC ratio and automatic healthy liver segmentation methods[104].

In conclusion, Ho-166 improves treatment outcomes by ensuring highly predictive work-up of the final therapeutic
distribution, offering superior imaging capabilities, and improving treatment precision when compared to standard
planning modalities. It is evident that tailored dosimetry, which encompasses TARE microspheres, radionuclides, and
predictive models, offers many clinical advantages when compared to uniform dosage methods.

CCA treatment with TARE

HCC constitutes the majority of primary hepatobiliary tumors, with CCA being the second most common[107]. CCA is an
epithelial cell malignancy that can appear in various locations throughout the biliary tree and has historically been
challenging to treat[108]. Research on the effectiveness of LRT for CCA is limited due to limited power of potential
studies, which is due to the rarity of CCA as well as the superiority of surgical resection[109]. However, emerging
evidence has shown that TARE is effective as a part of treatment algorithms in treating CCA[109].

Due to its difficulty in early detection, higher aggressiveness, and poorer prognosis compared to HCC, the first-line
treatment for CCA is typically surgical resection[110]. However, resection may not always be possible due to large tumor
size, in which case TARE can be utilized[109]. Studies indicate that TARE is particularly effective in downstaging
unresectable CCA to make surgical treatment feasible[111]. Furthermore, research shows that TARE is well-tolerated in
CCA treatment[10]. Nevertheless, compared to its use in HCC, there is less evidence supporting TARE in CCA,
highlighting the need for future research into TARE as a component of CCA treatment algorithms.

Other considerations

TARE has significantly advanced in treating liver cancer, particularly for cases deemed unresectable. A notable
development is TARE RS, which delivers enough radiation to ablate entire vascular territories. This offers curative-intent
without the limitations of thermal ablation, such as the heat sink phenomenon and requirement for general anesthesia
[112]. The PREMIERE trial further validated the effectiveness of Y90 radioembolization in patients with unresectable,
non-ablatable HCC, showing a TTP of over 26 months when compared to 6.8 months for conventional TACE[113]. Its
inclusion in the National Comprehensive Cancer Network guidelines for colon and rectal cancer liver metastases under-
scores its growing clinical acceptance[109].

TARE has also shown future promise in large HCC tumor management, which is an important development given the
challenges and limited treatment options of treating large HCCs as opposed to smaller HCC tumors. A study in 2024
contrasted TACE and TARE for HCC tumors exceeding 8 cm and determined that while both TACE and TARE de-
monstrated similar effectiveness in controlling tumor growth and extending survival rates, TARE experienced fewer
complications than the TACE group[114]. In fact, TACE had a 100% post-embolization syndrome rate and 72% severe
side effects in comparison to TARE with a 75% post-embolization syndrome rate and 5% severe side effects rate. This
same study reported TARE patients had average hospital stays that were 3 days shorter than those of TACE patients.
Overall, this study suggests that while TARE and TACE are both viable options for large HCC tumors, TARE has a
superior safety profile and reduced recovery time relative to TACE.

Effective patient selection and multidisciplinary collaboration are crucial for optimizing Y90 therapy outcomes,
ensuring minimal toxicity and enabling patients to resume normal activities shortly after treatment, unlike the severe
post-embolization syndrome often seen with chemoembolization. Essential steps in treatment planning include cal-
culating the target liver mass, mapping tumor-perfusing vessels through angiography, assessing pulmonary shunt, and
determining the optimal therapeutic dose[109]. Studies have established safe dosimetry levels and highlighted the
importance of precise patient preparation to balance therapeutic benefits against risks to normal liver parenchyma. Both
TheraSphere and SIR-Spheres are the primary devices used, each with specific regulatory approvals and indications[109].
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Future advancements in Y90 radioembolization lie in expanding its applications beyond liver treatments and com-
bining it with other therapies. Investigational radiopaque microspheres and advanced dosimetry tools, such as voxel-
based dosimetry, offer enhanced precision in treatment planning and execution[109]. Combining Y90 with radio-
sensitizing chemotherapies or other ablative techniques like RFA could further improve outcomes for patients with
various types of liver metastases, including those from neuroendocrine tumors[109]. Additionally, expanding Y90’s use to
extra-hepatic applications, such as treating meningiomas or renal cell carcinomas, represents an exciting frontier,
although it requires careful investigation and controlled trials to establish safety and efficacy. As research progresses,
integrating Y90 radioembolization into broader oncologic treatment paradigms will likely continue to grow, driven by its
minimally invasive nature and significant potential to improve patient quality of life.

CONCLUSION

HCC is a leading cause of cancer death, with many patients presenting with unresectable tumors that necessitate effective
treatment strategies. LRTs have emerged as a leader in treating HCC effectively. TARE with Y90 is an evolving LRT that
has demonstrated both effectiveness and safety, particularly for unresectable disease, and shows broad applicability
across most stages of the BCLC spectrum. Furthermore, TARE allows for good local control, has curative-intent, and
provides bridges to transplantation by delivering radioactive microspheres directly to liver tumors or tumor-bearing
tissue. Growing evidence has cemented TARE’s role in the HCC treatment paradigm across all stages, demonstrating
robust efficacy. It has potential for use in combination therapies, as well as in the future of personalized treatments.
Ongoing and future work is necessary to verify TARE’s clinical applications and to unearth new methods of treatment for
patients with HCC and beyond.

FOOTNOTES

Author contributions: All authors contributed meaningfully to the preparation of the manuscript. Hao K and Makary MS conceptualized
and designed the study; Hao K, Paik AJ, and Han LH conducted the literature review, did the analysis, drafted the original manuscript,
and made critical revisions; Makary MS supervised the review, advised the review design, and critically revised the manuscript.

Conflict-of-interest statement: All the authors report no relevant conflicts of interest for this article.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers.
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the
original work is properly cited and the use is non-commercial. See: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Country of origin: United States
ORCID number: Mina S Makary 0000-0002-2498-7132.

S-Editor: Wang JJ
L-Editor: A
P-Editor: Xu ZzH

REFERENCES

1 Kim HS, El-Serag HB. The Epidemiology of Hepatocellular Carcinoma in the USA. Curr Gastroenterol Rep 2019; 21: 17 [PMID: 30976932
DOI: 10.1007/s11894-019-0681-x]

2 Chidambaranathan-Reghupaty S, Fisher PB, Sarkar D. Hepatocellular carcinoma (HCC): Epidemiology, etiology and molecular
classification. Adv Cancer Res 2021; 149: 1-61 [PMID: 33579421 DOI: 10.1016/bs.acr.2020.10.001]

3 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. C4 Cancer J Clin 2018; 68: 394-424 [PMID: 30207593 DOI: 10.3322/caac.21492]

4 Brown AM, Kassab I, Massani M, Townsend W, Singal AG, Soydal C, Moreno-Luna L, Roberts LR, Chen VL, Parikh ND. TACE versus
TARE for patients with hepatocellular carcinoma: Overall and individual patient level meta analysis. Cancer Med 2023; 12: 2590-2599 [PMID:
35943116 DOI: 10.1002/cam4.5125]

5 Makary MS, Khandpur U, Cloyd JM, Mumtaz K, Dowell JD. Locoregional Therapy Approaches for Hepatocellular Carcinoma: Recent
Advances and Management Strategies. Cancers (Basel) 2020; 12 [PMID: 32679897 DOI: 10.3390/cancers12071914]

6 Makary MS, Ramsell S, Miller E, Beal EW, Dowell JD. Hepatocellular carcinoma locoregional therapies: Outcomes and future horizons.
World J Gastroenterol 2021; 27: 7462-7479 [PMID: 34887643 DOI: 10.3748/wjg.v27.143.7462]
7 Kim GM, Kim DY, Won JY, Moon S, Kim SU, Kim BK. Outcome of Transarterial Radioembolization in the Treatment of Hepatocellular

Carcinoma: Glass Versus Resin Microsphere. Cardiovasc Intervent Radiol 2024; 47: 1210-1221 [PMID: 38744685 DOI:
10.1007/500270-024-03726-9]

8 Yang HY, Jin B, Xu G, Sun LJ, Du SD, Mao YL. Transarterial radioembolization with Yttrium-90: current status and future prospects.

Buissdenge IR | hittps://www.wjgnet.com 522 October 28,2024 | Volume16 | Issuel0 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-2498-7132
http://orcid.org/0000-0002-2498-7132
http://www.ncbi.nlm.nih.gov/pubmed/30976932
https://dx.doi.org/10.1007/s11894-019-0681-x
http://www.ncbi.nlm.nih.gov/pubmed/33579421
https://dx.doi.org/10.1016/bs.acr.2020.10.001
http://www.ncbi.nlm.nih.gov/pubmed/30207593
https://dx.doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/35943116
https://dx.doi.org/10.1002/cam4.5125
http://www.ncbi.nlm.nih.gov/pubmed/32679897
https://dx.doi.org/10.3390/cancers12071914
http://www.ncbi.nlm.nih.gov/pubmed/34887643
https://dx.doi.org/10.3748/wjg.v27.i43.7462
http://www.ncbi.nlm.nih.gov/pubmed/38744685
https://dx.doi.org/10.1007/s00270-024-03726-9

19

28

29

(98]
w2

Hao K et al. Y90 radioembolization for HCC

Gastroenterol Rep (Oxf) 2020; 8: 164-165 [PMID: 32280478 DOI: 10.1093/gastro/goz074]

Criss CR, Makary MS. Recent Advances in Image-Guided Locoregional Therapies for Primary Liver Tumors. Biology (Basel) 2023; 12
[PMID: 37508428 DOI: 10.3390/biology12070999]

Jipa AM, Makary MS. Locoregional Therapies for Hepatobiliary Tumors: Contemporary Strategies and Novel Applications. Cancers (Basel)
2024; 16 [PMID: 38610949 DOI: 10.3390/cancers16071271]

Makary MS, Bozer J, Miller ED, Diaz DA, Rikabi A. Long-term Clinical Outcomes of Yttrium-90 Transarterial Radioembolization for
Hepatocellular Carcinoma: A 5-Year Institutional Experience. Acad Radiol 2024; 31: 1828-1835 [PMID: 37537129 DOI:
10.1016/j.acra.2023.07.007]

Chen S, Peng Z, Wei M, Liu W, Dai Z, Wang H, Mei J, Cheong M, Zhang H, Kuang M. Sorafenib versus Transarterial chemoembolization for
advanced-stage hepatocellular carcinoma: a cost-effectiveness analysis. BMC Cancer 2018; 18: 392 [PMID: 29621988 DOI:
10.1186/s12885-018-4308-7]

Yin L, Liu KC, Lv WF, Lu D, Tan YL, Wang GX, Dai JY, Zhu XH, Jiang B. Comparing the effectiveness and safety of Sorafenib plus TACE
with Apatinib plus TACE for treating patients with unresectable hepatocellular carcinoma: a multicentre propensity score matching study.
Cancer Imaging 2023; 23: 52 [PMID: 37254146 DOIL: 10.1186/s40644-023-00574-7]

Reig M, Forner A, Rimola J, Ferrer-Fabrega J, Burrel M, Garcia-Criado A, Kelley RK, Galle PR, Mazzaferro V, Salem R, Sangro B, Singal
AG, Vogel A, Fuster J, Ayuso C, Bruix J. BCLC strategy for prognosis prediction and treatment recommendation: The 2022 update. J Hepatol
2022; 76: 681-693 [PMID: 34801630 DOI: 10.1016/j.jhep.2021.11.018]

Weerakkody Y, Spires R, Murphy A. Selective internal radiation therapy. [cited 25 May 2024]. Available from: https://radiopaedia.org
articles/selective-internal-radiation-therapy?lang=us

Li C, Hickey R, Lewandowski RJ, Salem R. Transarterial Radioembolization. In: Keefe NA, Haskal ZJ, Park AW, Angle JF. IR Playbook.
Cham: Springer, 2024

Denys A, Pracht M, Duran R, Guiu B, Adib S, Boubaker A, Bize P. How to Prepare a Patient for Transarterial Radioembolization? A Practical
Guide. Cardiovasc Intervent Radiol 2015; 38: 794-805 [PMID: 25828724 DOI: 10.1007/s00270-015-1071-x]

Serhal M, Gabr A, Entezari P, Riaz A, Kulik L, Kalyan A, Gordon A, Salem R, Lewandowski R. Abstract No. 146 = FEATURED
ABSTRACT Safety of Selective Transarterial Radioembolization for Hepatocellular Carcinoma in Patients with Baseline Hyperbilirubinemia.
J Vasc Interv Radiol 2024; 35: S65-S66 [DOI: 10.1016/j.jvir.2023.12.180]

Miller FH, Lopes Vendrami C, Gabr A, Horowitz JM, Kelahan LC, Riaz A, Salem R, Lewandowski RJ. Evolution of Radioembolization in
Treatment of Hepatocellular Carcinoma: A Pictorial Review. Radiographics 2021; 41: 1802-1818 [PMID: 34559587 DOI:
10.1148/rg.2021210014]

Zhao K, Son S, Karimi A, Marinelli B, Erinjeri JP, Alexander ES, Sotirchos VS, Harding JJ, Soares KC, Ziv E, Covey A, Sofocleous CT,
Yarmohammadi H. Outcomes of Y90 Radioembolization for Hepatocellular Carcinoma in Patients Previously Treated with Transarterial
Embolization. Curr Oncol 2024; 31: 2650-2661 [PMID: 38785481 DOI: 10.3390/curroncol31050200]

El-Khateeb E, Darwich AS, Achour B, Athwal V, Rostami-Hodjegan A. Review article: time to revisit Child-Pugh score as the basis for
predicting drug clearance in hepatic impairment. Aliment Pharmacol Ther 2021; 54: 388-401 [PMID: 34218453 DOL: 10.1111/apt.16489]
Kolligs F, Arnold D, Golfieri R, Pech M, Peynircioglu B, Pfammatter T, Ronot M, Sangro B, Schaefer N, Maleux G, Munneke G, Pereira H,
Zeka B, de Jong N, Helmberger T; CIRT Principal Investigators. Factors impacting survival after transarterial radioembolization in patients
with hepatocellular carcinoma: Results from the prospective CIRT study. JHEP Rep 2023; 5: 100633 [PMID: 36593888 DOI:
10.1016/j.jhepr.2022.100633]

Garin E, Bailly C, Letang A, Somma C, Vibert E, Regnault H, Sengel C, Brenot-Rossi I, Dieudonnée A, Manfredi S, Vicault E, Guiu B.
Abstract No. 257 = FEATURED ABSTRACT The PROACTIF French Registry Study of Y-90 Glass Microspheres for the Treatment of Liver
Malignancies: Interim Analysis of 670 Hepatocellular Carcinoma (HCC) Patients. J Vasc Interv Radiol 2024; 35: S113 [DOI:
10.1016/j.jvir.2023.12.295]

Llovet JM, Fuster J, Bruix J. Intention-to-treat analysis of surgical treatment for early hepatocellular carcinoma: resection versus
transplantation. Hepatology 1999; 30: 1434-1440 [PMID: 10573522 DOI: 10.1002/hep.510300629]

European Association For The Study Of The Liver; European Organisation For Research And Treatment Of Cancer. EASL-EORTC clinical
practice guidelines: management of hepatocellular carcinoma. J Hepatol 2012; 56: 908-943 [PMID: 22424438 DOI:
10.1016/j.jhep.2011.12.001]

Vouche M, Habib A, Ward TJ, Kim E, Kulik L, Ganger D, Mulcahy M, Baker T, Abecassis M, Sato KT, Caicedo JC, Fryer J, Hickey R,
Hohlastos E, Lewandowski RJ, Salem R. Unresectable solitary hepatocellular carcinoma not amenable to radiofrequency ablation: multicenter
radiology-pathology correlation and survival of radiation segmentectomy. Hepatology 2014; 60: 192-201 [PMID: 24691943 DOI:
10.1002/hep.27057]

Lewandowski RJ, Gabr A, Abouchaleh N, Ali R, Al Asadi A, Mora RA, Kulik L, Ganger D, Desai K, Thornburg B, Mouli S, Hickey R,
Caicedo JC, Abecassis M, Riaz A, Salem R. Radiation Segmentectomy: Potential Curative Therapy for Early Hepatocellular Carcinoma.
Radiology 2018; 287: 1050-1058 [PMID: 29688155 DOI: 10.1148/radiol.2018171768]

Riaz A, Gates VL, Atassi B, Lewandowski RJ, Mulcahy MF, Ryu RK, Sato KT, Baker T, Kulik L, Gupta R, Abecassis M, Benson AB 3rd,
Omary R, Millender L, Kennedy A, Salem R. Radiation segmentectomy: a novel approach to increase safety and efficacy of radioembolization.
Int J Radiat Oncol Biol Phys 2011;79: 163-171 [PMID: 20421150 DOI: 10.1016/1.ijrobp.2009.10.062]

Inchingolo R, Cortese F, Pisani AR, Acquafredda F, Calbi R, Memeo R, Anagnostopoulos F, Spiliopoulos S. Selective internal radiation
therapy segmentectomy: A new minimally invasive curative option for primary liver malignancies? World J Gastroenterol 2024; 30: 2379-
2386 [PMID: 38764771 DOI: 10.3748/wjg.v30.118.2379]

Mourad SN, De la Garza-Ramos C, Toskich BB. Radiation Segmentectomy Above 1,000 Gy for the Treatment of Hepatocellular Carcinoma:
Is There a Dose Limit? J Vasc Interv Radiol 2023; 34: 1458-1462 [PMID: 37169067 DOI: 10.1016/j.jvir.2023.05.003]

Mourad SN, De la Garza-Ramos C, Toskich BB. Radiation Segmentectomy for the Treatment of Hepatocellular Carcinoma: A Practical
Review of Evidence. Cancers (Basel) 2024; 16 [PMID: 38339418 DOI: 10.3390/cancers16030669]

Biederman DM, Titano JJ, Bishay VL, Durrani RJ, Dayan E, Tabori N, Patel RS, Nowakowski FS, Fischman AM, Kim E. Radiation
Segmentectomy versus TACE Combined with Microwave Ablation for Unresectable Solitary Hepatocellular Carcinoma Up to 3 cm: A
Propensity Score Matching Study. Radiology 2017; 283: 895-905 [PMID: 27930089 DOI: 10.1148/radiol.2016160718]

Zane KE, Nagib PB, Jalil S, Mumtaz K, Makary MS. Emerging curative-intent minimally-invasive therapies for hepatocellular carcinoma.
World J Hepatol 2022; 14: 885-895 [PMID: 35721283 DOI: 10.4254/wjh.v14.15.885]

3%9@) WIR | https://www.wjgnet.com 523 October 28,2024 | Volume16 | Issuel0 |


http://www.ncbi.nlm.nih.gov/pubmed/32280478
https://dx.doi.org/10.1093/gastro/goz074
http://www.ncbi.nlm.nih.gov/pubmed/37508428
https://dx.doi.org/10.3390/biology12070999
http://www.ncbi.nlm.nih.gov/pubmed/38610949
https://dx.doi.org/10.3390/cancers16071271
http://www.ncbi.nlm.nih.gov/pubmed/37537129
https://dx.doi.org/10.1016/j.acra.2023.07.007
http://www.ncbi.nlm.nih.gov/pubmed/29621988
https://dx.doi.org/10.1186/s12885-018-4308-7
http://www.ncbi.nlm.nih.gov/pubmed/37254146
https://dx.doi.org/10.1186/s40644-023-00574-7
http://www.ncbi.nlm.nih.gov/pubmed/34801630
https://dx.doi.org/10.1016/j.jhep.2021.11.018
https://radiopaedia.org/articles/selective-internal-radiation-therapy?lang=us
https://radiopaedia.org/articles/selective-internal-radiation-therapy?lang=us
http://www.ncbi.nlm.nih.gov/pubmed/25828724
https://dx.doi.org/10.1007/s00270-015-1071-x
https://dx.doi.org/10.1016/j.jvir.2023.12.180
http://www.ncbi.nlm.nih.gov/pubmed/34559587
https://dx.doi.org/10.1148/rg.2021210014
http://www.ncbi.nlm.nih.gov/pubmed/38785481
https://dx.doi.org/10.3390/curroncol31050200
http://www.ncbi.nlm.nih.gov/pubmed/34218453
https://dx.doi.org/10.1111/apt.16489
http://www.ncbi.nlm.nih.gov/pubmed/36593888
https://dx.doi.org/10.1016/j.jhepr.2022.100633
https://dx.doi.org/10.1016/j.jvir.2023.12.295
http://www.ncbi.nlm.nih.gov/pubmed/10573522
https://dx.doi.org/10.1002/hep.510300629
http://www.ncbi.nlm.nih.gov/pubmed/22424438
https://dx.doi.org/10.1016/j.jhep.2011.12.001
http://www.ncbi.nlm.nih.gov/pubmed/24691943
https://dx.doi.org/10.1002/hep.27057
http://www.ncbi.nlm.nih.gov/pubmed/29688155
https://dx.doi.org/10.1148/radiol.2018171768
http://www.ncbi.nlm.nih.gov/pubmed/20421150
https://dx.doi.org/10.1016/j.ijrobp.2009.10.062
http://www.ncbi.nlm.nih.gov/pubmed/38764771
https://dx.doi.org/10.3748/wjg.v30.i18.2379
http://www.ncbi.nlm.nih.gov/pubmed/37169067
https://dx.doi.org/10.1016/j.jvir.2023.05.003
http://www.ncbi.nlm.nih.gov/pubmed/38339418
https://dx.doi.org/10.3390/cancers16030669
http://www.ncbi.nlm.nih.gov/pubmed/27930089
https://dx.doi.org/10.1148/radiol.2016160718
http://www.ncbi.nlm.nih.gov/pubmed/35721283
https://dx.doi.org/10.4254/wjh.v14.i5.885

Hao K et al. Y90 radioembolization for HCC

40

41

44

45

46

47

48

49

Salem R, Johnson GE, Kim E, Riaz A, Bishay V, Boucher E, Fowers K, Lewandowski R, Padia SA. Yttrium-90 Radioembolization for the
Treatment of Solitary, Unresectable HCC: The LEGACY Study. Hepatology 2021; 74: 2342-2352 [PMID: 33739462 DOI:
10.1002/hep.31819]

Kim E, Sher A, Abboud G, Schwartz M, Facciuto M, Tabrizian P, KneSaurek K, Fischman A, Patel R, Nowakowski S, Llovet J, Taouli B,
Lookstein R. Radiation segmentectomy for curative intent of unresectable very early to early stage hepatocellular carcinoma (RASER): a
single-centre, single-arm study. Lancet Gastroenterol Hepatol 2022; 7: 843-850 [PMID: 35617978 DOI: 10.1016/52468-1253(22)00091-7]
Lu DS, Yu NC, Raman SS, Limanond P, Lassman C, Murray K, Tong MJ, Amado RG, Busuttil RW. Radiofrequency ablation of
hepatocellular carcinoma: treatment success as defined by histologic examination of the explanted liver. Radiology 2005; 234: 954-960 [PMID:
15681691 DOI: 10.1148/radiol.2343040153]

Mazzaferro V, Battiston C, Perrone S, Pulvirenti A, Regalia E, Romito R, Sarli D, Schiavo M, Garbagnati F, Marchiano A, Spreafico C,
Camerini T, Mariani L, Miceli R, Andreola S. Radiofrequency ablation of small hepatocellular carcinoma in cirrhotic patients awaiting liver
transplantation: a prospective study. Ann Surg 2004; 240: 900-909 [PMID: 15492574 DOI: 10.1097/01.51a.0000143301.56154.95]

Aloia TA, Barakat O, Connelly J, Haykal N, Michel D, Gaber AO, Ghobrial RM. Gastric radiation enteritis after intra-arterial yttrium-90
microsphere therapy for early stage hepatocellular carcinoma. Exp Clin Transplant 2009; 7: 141-144 [PMID: 19715522]

Montazeri SA, De la Garza-Ramos C, Lewis AR, Lewis JT, LeGout JD, Sella DM, Paz-Fumagalli R, Devcic Z, Ritchie CA, Frey GT, Vidal L,
Croome KP, McKinney JM, Harnois D, Krishnan S, Patel T, Toskich BB. Hepatocellular carcinoma radiation segmentectomy treatment
intensification prior to liver transplantation increases rates of complete pathologic necrosis: an explant analysis of 75 tumors. Eur J Nucl Med
Mol Imaging 2022; 49: 3892-3897 [PMID: 35441860 DOI: 10.1007/s00259-022-05776-y]

Dhondt E, Lambert B, Hermie L, Huyck L, Vanlangenhove P, Geerts A, Verhelst X, Aerts M, Vanlander A, Berrevoet F, Troisi RI, Van
Vlierberghe H, Defreyne L. (90)Y Radioembolization versus Drug-eluting Bead Chemoembolization for Unresectable Hepatocellular
Carcinoma: Results from the TRACE Phase II Randomized Controlled Trial. Radiology 2022; 303: 699-710 [PMID: 35258371 DOI:
10.1148/radiol.211806]

Vogel A, Martinelli E; ESMO Guidelines Committee. ESMO Guidelines Committee. Updated treatment recommendations for hepatocellular
carcinoma (HCC) from the ESMO Clinical Practice Guidelines. Ann Oncol 2021; 32: 801-805 [PMID: 33716105 DOI:
10.1016/j.annonc.2021.02.014]

Mehta N, Bhangui P, Yao FY, Mazzaferro V, Toso C, Akamatsu N, Durand F, Ijzermans J, Polak W, Zheng S, Roberts JP, Sapisochin G, Hibi
T, Kwan NM, Ghobrial M, Soin A. Liver Transplantation for Hepatocellular Carcinoma. Working Group Report from the ILTS Transplant
Oncology Consensus Conference. Transplantation 2020; 104: 1136-1142 [PMID: 32217938 DOI: 10.1097/TP.0000000000003174]

Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet 2018; 391: 1301-1314 [PMID: 29307467 DOI:
10.1016/S0140-6736(18)30010-2]

Kloeckner R, Galle PR, Bruix J. Local and Regional Therapies for Hepatocellular Carcinoma. Hepatology 2021; 73 Suppl 1: 137-149 [PMID:
32557715 DOL: 10.1002/hep.31424]

Reig M, Darnell A, Forner A, Rimola J, Ayuso C, Bruix J. Systemic therapy for hepatocellular carcinoma: the issue of treatment stage
migration and registration of progression using the BCLC-refined RECIST. Semin Liver Dis 2014; 34: 444-455 [PMID: 25369306 DOI:
10.1055/s-0034-1394143]

Llovet JM, Real MI, Montafia X, Planas R, Coll S, Aponte J, Ayuso C, Sala M, Muchart J, Sola R, Rodés J, Bruix J; Barcelona Liver Cancer
Group. Arterial embolisation or chemoembolisation versus symptomatic treatment in patients with unresectable hepatocellular carcinoma: a
randomised controlled trial. Lancet 2002; 359: 1734-1739 [PMID: 12049862 DOI: 10.1016/S0140-6736(02)08649-X]

Lo CM, Ngan H, Tso WK, Liu CL, Lam CM, Poon RT, Fan ST, Wong J. Randomized controlled trial of transarterial lipiodol
chemoembolization for unresectable hepatocellular carcinoma. Hepatology 2002; 35: 1164-1171 [PMID: 11981766 DOI:
10.1053/jhep.2002.33156]

Llovet JM, Bruix J. Systematic review of randomized trials for unresectable hepatocellular carcinoma: Chemoembolization improves survival.
Hepatology 2003; 37: 429-442 [PMID: 12540794 DOI: 10.1053/jhep.2003.50047]

Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, Abecassis MM, Roberts LR, Heimbach JK. Diagnosis, Staging, and Management of
Hepatocellular Carcinoma: 2018 Practice Guidance by the American Association for the Study of Liver Diseases. Hepatology 2018; 68: 723-
750 [PMID: 29624699 DOI: 10.1002/hep.29913]

Salem R, Gordon AC, Mouli S, Hickey R, Kallini J, Gabr A, Mulcahy MF, Baker T, Abecassis M, Miller FH, Yaghmai V, Sato K, Desai K,
Thornburg B, Benson AB, Rademaker A, Ganger D, Kulik L, Lewandowski RJ. Y90 Radioembolization Significantly Prolongs Time to
Progression Compared With Chemoembolization in Patients With Hepatocellular Carcinoma. Gastroenterology 2016; 151: 1155-1163.¢e2
[PMID: 27575820 DOI: 10.1053/j.gastr0.2016.08.029]

El Fouly A, Ertle J, El Dorry A, Shaker MK, Dechéne A, Abdella H, Mueller S, Barakat E, Lauenstein T, Bockisch A, Gerken G, Schlaak JF.
In intermediate stage hepatocellular carcinoma: radioembolization with yttrium 90 or chemoembolization? Liver Int 2015; 35: 627-635 [PMID:
25040497 DOI: 10.1111/1iv.12637]

Salem R, Gabr A, Riaz A, Mora R, Ali R, Abecassis M, Hickey R, Kulik L, Ganger D, Flamm S, Atassi R, Atassi B, Sato K, Benson AB,
Mulcahy MF, Abouchaleh N, Asadi AA, Desai K, Thornburg B, Vouche M, Habib A, Caicedo J, Miller FH, Yaghmai V, Kallini JR, Mouli S,
Lewandowski RJ. Institutional decision to adopt Y90 as primary treatment for hepatocellular carcinoma informed by a 1,000-patient 15-year
experience. Hepatology 2018; 68: 1429-1440 [PMID: 29194711 DOI: 10.1002/hep.29691]

Choi JW, Kim HC. Radioembolization for hepatocellular carcinoma: what clinicians need to know. J Liver Cancer 2022; 22: 4-13 [PMID:
37383534 DOI: 10.17998/j1¢.2022.01.16]

Gutierrez JA, Gish RG. Efficacy of combination treatment modalities for intermediate and advanced hepatocellular carcinoma: intra-arterial
therapies, sorafenib and novel small molecules. Trans! Cancer Res 2013; 2: 460-471 [PMID: 26504748 DOI:
10.3978/j.issn.2218-676X.2013.10.01]

Llovet JM, Zucman-Rossi J, Pikarsky E, Sangro B, Schwartz M, Sherman M, Gores G. Hepatocellular carcinoma. Nat Rev Dis Primers 2016;
2: 16018 [PMID: 27158749 DOI: 10.1038/nrdp.2016.18]

Finn RS, Ducreux M, Qin S, Galle PR, Zhu AX, Ikeda M, Kim TY, Xu DZ, Verret W, Liu J, Grossman W, Cheng AL. IMbravel50: A
randomized phase I1I study of 1L atezolizumab plus bevacizumab vs sorafenib in locally advanced or metastatic hepatocellular carcinoma. J
Clin Oncol 2018; 36: TPS4141 [DOI: 10.1200/JC0O.2018.36.15 suppl. TPS4141]

Bruix J, Chan SL, Galle PR, Rimassa L, Sangro B. Systemic treatment of hepatocellular carcinoma: An EASL position paper. J Hepatol 2021;
75: 960-974 [PMID: 34256065 DOIL: 10.1016/j.jhep.2021.07.004]

3%9@) WIR | https://www.wjgnet.com 524 October 28,2024 | Volume16 | Issuel0 |


http://www.ncbi.nlm.nih.gov/pubmed/33739462
https://dx.doi.org/10.1002/hep.31819
http://www.ncbi.nlm.nih.gov/pubmed/35617978
https://dx.doi.org/10.1016/S2468-1253(22)00091-7
http://www.ncbi.nlm.nih.gov/pubmed/15681691
https://dx.doi.org/10.1148/radiol.2343040153
http://www.ncbi.nlm.nih.gov/pubmed/15492574
https://dx.doi.org/10.1097/01.sla.0000143301.56154.95
http://www.ncbi.nlm.nih.gov/pubmed/19715522
http://www.ncbi.nlm.nih.gov/pubmed/35441860
https://dx.doi.org/10.1007/s00259-022-05776-y
http://www.ncbi.nlm.nih.gov/pubmed/35258371
https://dx.doi.org/10.1148/radiol.211806
http://www.ncbi.nlm.nih.gov/pubmed/33716105
https://dx.doi.org/10.1016/j.annonc.2021.02.014
http://www.ncbi.nlm.nih.gov/pubmed/32217938
https://dx.doi.org/10.1097/TP.0000000000003174
http://www.ncbi.nlm.nih.gov/pubmed/29307467
https://dx.doi.org/10.1016/S0140-6736(18)30010-2
http://www.ncbi.nlm.nih.gov/pubmed/32557715
https://dx.doi.org/10.1002/hep.31424
http://www.ncbi.nlm.nih.gov/pubmed/25369306
https://dx.doi.org/10.1055/s-0034-1394143
http://www.ncbi.nlm.nih.gov/pubmed/12049862
https://dx.doi.org/10.1016/S0140-6736(02)08649-X
http://www.ncbi.nlm.nih.gov/pubmed/11981766
https://dx.doi.org/10.1053/jhep.2002.33156
http://www.ncbi.nlm.nih.gov/pubmed/12540794
https://dx.doi.org/10.1053/jhep.2003.50047
http://www.ncbi.nlm.nih.gov/pubmed/29624699
https://dx.doi.org/10.1002/hep.29913
http://www.ncbi.nlm.nih.gov/pubmed/27575820
https://dx.doi.org/10.1053/j.gastro.2016.08.029
http://www.ncbi.nlm.nih.gov/pubmed/25040497
https://dx.doi.org/10.1111/liv.12637
http://www.ncbi.nlm.nih.gov/pubmed/29194711
https://dx.doi.org/10.1002/hep.29691
http://www.ncbi.nlm.nih.gov/pubmed/37383534
https://dx.doi.org/10.17998/jlc.2022.01.16
http://www.ncbi.nlm.nih.gov/pubmed/26504748
https://dx.doi.org/10.3978/j.issn.2218-676X.2013.10.01
http://www.ncbi.nlm.nih.gov/pubmed/27158749
https://dx.doi.org/10.1038/nrdp.2016.18
https://dx.doi.org/10.1200/JCO.2018.36.15_suppl.TPS4141
http://www.ncbi.nlm.nih.gov/pubmed/34256065
https://dx.doi.org/10.1016/j.jhep.2021.07.004

60

61

62

63

64

66

67

68

69

70

71

73

74

Hao K et al. Y90 radioembolization for HCC

Abou-Alfa GK, Chan SL, Kudo M, Lau G, Kelley RK, Furuse J, Sukeepaisarnjaroen W, Kang Y, Dao TV, De Toni EN, Rimassa L, Breder
VV, Vasilyev A, Heurgue A, Tam V, Mody K, Thungappa SC, He P, Negro A, Sangro B. Phase 3 randomized, open-label, multicenter study of
tremelimumab (T) and durvalumab (D) as first-line therapy in patients (pts) with unresectable hepatocellular carcinoma (uHCC): HIMALAYA.
J Clin Oncol 2022; 40: 379 [DOI: 10.1200/]C0.2022.40.4 suppl.379]

Rimini M, Persano M, Tada T, Suda G, Shimose S, Kudo M, Cheon J, Finkelmeier F, Lim HY, Presa J, Salani F, Lonardi S, Piscaglia F,
Kumada T, Sakamoto N, Iwamoto H, Aoki T, Chon HJ, Himmelsbach V, Schirripa M, Montes M, Vivaldi C, Solda C, Hiraoka A, Sho T,
Niizeki T, Nishida N, Steup C, Hirooka M, Kariyama K, Tani J, Atsukawa M, Takaguchi K, Itobayashi E, Fukunishi S, Tsuji K, Ishikawa T,
Tajiri K, Ochi H, Yasuda S, Toyoda H, Ogawa C, Nishimura T, Hatanaka T, Kakizaki S, Shimada N, Kawata K, Tada F, Ohama H, Nouso K,
Morishita A, Tsutsui A, Nagano T, Itokawa N, Okubo T, Arai T, Imai M, Kosaka H, Naganuma A, Koizumi Y, Nakamura S, Kaibori M, Iijima
H, Hiasa Y, Burgio V, Scartozzi M, Cascinu S, Casadei-Gardini A. Survival outcomes from atezolizumab plus bevacizumab versus Lenvatinib
in Child Pugh B unresectable hepatocellular carcinoma patients. J Cancer Res Clin Oncol 2023; 149: 7565-7577 [PMID: 36976353 DOI:
10.1007/s00432-023-04678-2]

Bruix J, Qin S, Merle P, Granito A, Huang YH, Bodoky G, Pracht M, Yokosuka O, Rosmorduc O, Breder V, Gerolami R, Masi G, Ross PJ,
Song T, Bronowicki JP, Ollivier-Hourmand I, Kudo M, Cheng AL, Llovet JM, Finn RS, LeBerre MA, Baumhauer A, Meinhardt G, Han G;
RESORCE Investigators. Regorafenib for patients with hepatocellular carcinoma who progressed on sorafenib treatment (RESORCE): a
randomised, double-blind, placebo-controlled, phase 3 trial. Lancer 2017; 389: 56-66 [PMID: 27932229 DOI:
10.1016/S0140-6736(16)32453-9]

Zhu AX, Kang YK, Yen CJ, Finn RS, Galle PR, Llovet JM, Assenat E, Brandi G, Pracht M, Lim HY, Rau KM, Motomura K, Ohno I, Merle P,
Daniele B, Shin DB, Gerken G, Borg C, Hiriart JB, Okusaka T, Morimoto M, Hsu Y, Abada PB, Kudo M; REACH-2 study investigators.
Ramucirumab after sorafenib in patients with advanced hepatocellular carcinoma and increased a-fetoprotein concentrations (REACH-2): a
randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol 2019; 20: 282-296 [PMID: 30665869 DOI:
10.1016/S1470-2045(18)30937-9]

Abou-Alfa GK, Meyer T, Cheng AL, El-Khoueiry AB, Rimassa L, Ryoo BY, Cicin I, Merle P, Chen Y, Park JW, Blanc JF, Bolondi L,
Klimpen HJ, Chan SL, Zagonel V, Pressiani T, Ryu MH, Venook AP, Hessel C, Borgman-Hagey AE, Schwab G, Kelley RK. Cabozantinib in
Patients with Advanced and Progressing Hepatocellular Carcinoma. N Engl J Med 2018; 379: 54-63 [PMID: 29972759 DOI:
10.1056/NEJMoal717002]

Criss CR, Makary MS. Salvage locoregional therapies for recurrent hepatocellular carcinoma. World J Gastroenterol 2023; 29: 413-424
[PMID: 36688022 DOT: 10.3748/wjg.v29.i3.413]

Hilgard P, Hamami M, Fouly AE, Scherag A, Miiller S, Ertle J, Heusner T, Cicinnati VR, Paul A, Bockisch A, Gerken G, Antoch G.
Radioembolization with yttrium-90 glass microspheres in hepatocellular carcinoma: European experience on safety and long-term survival.
Hepatology 2010; 52: 1741-1749 [PMID: 21038413 DOI: 10.1002/hep.23944]

Sangro B, Carpanese L, Cianni R, Golfieri R, Gasparini D, Ezziddin S, Paprottka PM, Fiore F, Van Buskirk M, Bilbao JI, Ettorre GM,
Salvatori R, Giampalma E, Geatti O, Wilhelm K, Hoffmann RT, 1zzo F, Ifiarrairaegui M, Maini CL, Urigo C, Cappelli A, Vit A,
Ahmadzadehfar H, Jakobs TF, Lastoria S; European Network on Radioembolization with Yttrium-90 Resin Microspheres (ENRY). Survival
after yttrium-90 resin microsphere radioembolization of hepatocellular carcinoma across Barcelona clinic liver cancer stages: a European
evaluation. Hepatology 2011; 54: 868-878 [PMID: 21618574 DOI: 10.1002/hep.24451]

Cerrito L, Annicchiarico BE, Iezzi R, Gasbarrini A, Pompili M, Ponziani FR. Treatment of hepatocellular carcinoma in patients with portal
vein tumor thrombosis: Beyond the known frontiers. World J Gastroenterol 2019; 25: 4360-4382 [PMID: 31496618 DOI:
10.3748/wjg.v25.i31.4360]

Mazzaferro V, Sposito C, Bhoori S, Romito R, Chiesa C, Morosi C, Maccauro M, Marchiano A, Bongini M, Lanocita R, Civelli E,
Bombardieri E, Camerini T, Spreafico C. Yttrium-90 radioembolization for intermediate-advanced hepatocellular carcinoma: a phase 2 study.
Hepatology 2013; 57: 1826-1837 [PMID: 22911442 DOI: 10.1002/hep.26014]

Chow PKH, Gandhi M, Tan SB, Khin MW, Khasbazar A, Ong J, Choo SP, Cheow PC, Chotipanich C, Lim K, Lesmana LA, Manuaba TW,
Yoong BK, Raj A, Law CS, Cua IHY, Lobo RR, Teh CSC, Kim YH, Jong YW, Han HS, Bae SH, Yoon HK, Lee RC, Hung CF, Peng CY,
Liang PC, Bartlett A, Kok KYY, Thng CH, Low AS, Goh ASW, Tay KH, Lo RHG, Goh BKP, Ng DCE, Lekurwale G, Liew WM, Gebski V,
Mak KSW, Soo KC; Asia-Pacific Hepatocellular Carcinoma Trials Group. SIRveNIB: Selective Internal Radiation Therapy Versus Sorafenib
in Asia-Pacific Patients With Hepatocellular Carcinoma. J Clin Oncol 2018; 36: 1913-1921 [PMID: 29498924 DOI:
10.1200/JC0O.2017.76.0892]

Vilgrain V, Pereira H, Assenat E, Guiu B, Ilonca AD, Pageaux GP, Sibert A, Bouattour M, Lebtahi R, Allaham W, Barraud H, Laurent V,
Mathias E, Bronowicki JP, Tasu JP, Perdrisot R, Silvain C, Gerolami R, Mundler O, Seitz JF, Vidal V, Aubé C, Oberti F, Couturier O, Brenot-
Rossi I, Raoul JL, Sarran A, Costentin C, Itti E, Luciani A, Adam R, Lewin M, Samuel D, Ronot M, Dinut A, Castera L, Chatellier G; SARAH
Trial Group. Efficacy and safety of selective internal radiotherapy with yttrium-90 resin microspheres compared with sorafenib in locally
advanced and inoperable hepatocellular carcinoma (SARAH): an open-label randomised controlled phase 3 trial. Lancet Oncol 2017; 18: 1624-
1636 [PMID: 29107679 DOI: 10.1016/S1470-2045(17)30683-6]

Ricke J, Klimpen HJ, Amthauer H, Bargellini I, Bartenstein P, de Toni EN, Gasbarrini A, Pech M, Peck-Radosavljevic M, Popovi¢ P,
Rosmorduc O, Schott E, Seidensticker M, Verslype C, Sangro B, Malfertheiner P. Impact of combined selective internal radiation therapy and
sorafenib on survival in advanced hepatocellular carcinoma. J Hepatol 2019; 71: 1164-1174 [PMID: 31421157 DOLI:
10.1016/j.jhep.2019.08.006]

Zarca K, Mimouni M, Pereira H, Chatellier G, Vilgrain V, Durand-Zaleski I; SARAH Trial Group. Cost-Utility Analysis of Transarterial
Radioembolization With Yttrium-90 Resin Microspheres Compared With Sorafenib in Locally Advanced and Inoperable Hepatocellular
Carcinoma. Clin Ther 2021; 43: 1201-1212 [PMID: 34059326 DOI: 10.1016/j.clinthera.2021.04.018]

Pinter M, Sieghart W, Graziadei I, Vogel W, Maieron A, Konigsberg R, Weissmann A, Kornek G, Plank C, Peck-Radosavljevic M. Sorafenib
in unresectable hepatocellular carcinoma from mild to advanced stage liver cirrhosis. Oncologist 2009; 14: 70-76 [PMID: 19144684 DOI:
10.1634/theoncologist.2008-0191]

Cheng AL, Kang YK, Chen Z, Tsao CJ, Qin S, Kim JS, Luo R, Feng J, Ye S, Yang TS, Xu J, Sun Y, Liang H, Liu J, Wang J, Tak WY, Pan H,
Burock K, Zou J, Voliotis D, Guan Z. Efficacy and safety of sorafenib in patients in the Asia-Pacific region with advanced hepatocellular
carcinoma: a phase III randomised, double-blind, placebo-controlled trial. Lancet Oncol 2009; 10: 25-34 [PMID: 19095497 DOI:
10.1016/S1470-2045(08)70285-7]

Martelletti C, Ricotti A, Gesualdo M, Carucci P, Gaia S, Rolle E, Burlone ME, Okolicsanyi S, Mattalia A, Pirisi M, Berchialla P, Tabone M.

3%9@) WIR | https://www.wjgnet.com 525 October 28,2024 | Volume16 | Issuel0 |


https://dx.doi.org/10.1200/JCO.2022.40.4_suppl.379
http://www.ncbi.nlm.nih.gov/pubmed/36976353
https://dx.doi.org/10.1007/s00432-023-04678-2
http://www.ncbi.nlm.nih.gov/pubmed/27932229
https://dx.doi.org/10.1016/S0140-6736(16)32453-9
http://www.ncbi.nlm.nih.gov/pubmed/30665869
https://dx.doi.org/10.1016/S1470-2045(18)30937-9
http://www.ncbi.nlm.nih.gov/pubmed/29972759
https://dx.doi.org/10.1056/NEJMoa1717002
http://www.ncbi.nlm.nih.gov/pubmed/36688022
https://dx.doi.org/10.3748/wjg.v29.i3.413
http://www.ncbi.nlm.nih.gov/pubmed/21038413
https://dx.doi.org/10.1002/hep.23944
http://www.ncbi.nlm.nih.gov/pubmed/21618574
https://dx.doi.org/10.1002/hep.24451
http://www.ncbi.nlm.nih.gov/pubmed/31496618
https://dx.doi.org/10.3748/wjg.v25.i31.4360
http://www.ncbi.nlm.nih.gov/pubmed/22911442
https://dx.doi.org/10.1002/hep.26014
http://www.ncbi.nlm.nih.gov/pubmed/29498924
https://dx.doi.org/10.1200/JCO.2017.76.0892
http://www.ncbi.nlm.nih.gov/pubmed/29107679
https://dx.doi.org/10.1016/S1470-2045(17)30683-6
http://www.ncbi.nlm.nih.gov/pubmed/31421157
https://dx.doi.org/10.1016/j.jhep.2019.08.006
http://www.ncbi.nlm.nih.gov/pubmed/34059326
https://dx.doi.org/10.1016/j.clinthera.2021.04.018
http://www.ncbi.nlm.nih.gov/pubmed/19144684
https://dx.doi.org/10.1634/theoncologist.2008-0191
http://www.ncbi.nlm.nih.gov/pubmed/19095497
https://dx.doi.org/10.1016/S1470-2045(08)70285-7

Hao K et al. Y90 radioembolization for HCC

Radioembolization vs sorafenib in locally advanced hepatocellular carcinoma with portal vein tumor thrombosis: A propensity score and
Bayesian analysis. J Dig Dis 2021; 22: 496-502 [PMID: 34189839 DOI: 10.1111/1751-2980.13030]

75 Gramenzi A, Golfieri R, Mosconi C, Cappelli A, Granito A, Cucchetti A, Marinelli S, Pettinato C, Erroi V, Fiumana S, Bolondi L, Bernardi
M, Trevisani F; BLOG (Bologna Liver Oncology Group). Yttrium-90 radioembolization vs sorafenib for intermediate-locally advanced
hepatocellular carcinoma: a cohort study with propensity score analysis. Liver Int 2015; 35: 1036-1047 [PMID: 24750853 DOI:
10.1111/1iv.12574]

76 Venerito M, Pech M, Canbay A, Donghia R, Guerra V, Chatellier G, Pereira H, Gandhi M, Malfertheiner P, Chow PKH, Vilgrain V, Ricke J,
Leandro G. NEMESIS: Noninferiority, Individual-Patient Metaanalysis of Selective Internal Radiation Therapy with (90)Y Resin Microspheres
Versus Sorafenib in Advanced Hepatocellular Carcinoma. J Nucl Med 2020; 61: 1736-1742 [PMID: 32358087 DOI:
10.2967/jnumed.120.242933

77 Agirrezabal I, Bouattour M, Pinato DJ, D'Alessio A, Brennan VK, Carion PL, Shergill S, Amoury N, Vilgrain V. Efficacy of transarterial
radioembolization using Y-90 resin microspheres versus atezolizumab-bevacizumab in unresectable hepatocellular carcinoma: A matching-
adjusted indirect comparison. Eur J Cancer 2024; 196: 113427 [PMID: 37988840 DOI: 10.1016/j.¢jca.2023.113427]

78 Lee YB, Nam JY, Cho EJ, Lee JH, Yu SJ, Kim HC, Paeng JC, Yoon JH, Kim YJ. A Phase I/Ila Trial of Yttrium-90 Radioembolization in
Combination with Durvalumab for Locally Advanced Unresectable Hepatocellular Carcinoma. Clin Cancer Res 2023; 29: 3650-3658 [PMID:
37459133 DOI: 10.1158/1078-0432.CCR-23-0581]

79 Tai D, Loke K, Gogna A, Kaya NA, Tan SH, Hennedige T, Ng D, Irani F, Lee J, Lim JQ, Too CW, Ng MCH, Tham CK, Lam J, Koo SL,
Chong HS, Goh GB, Huang HL, Venkatanarasimha N, Lo R, Chow PKH, Goh BKP, Chung A, Toh HC, Thng CH, Lim TKH, Yeong J, Zhai
W, Chan CY, Choo SP. Radioembolisation with Y90-resin microspheres followed by nivolumab for advanced hepatocellular carcinoma (CA
209-678): a single arm, single centre, phase 2 trial. Lancet Gastroenterol Hepatol 2021; 6: 1025-1035 [PMID: 34695377 DOI:
10.1016/S2468-1253(21)00305-8]

80 de la Torre-Aldaez M, Matilla A, Varela M, Ifiarrairaegui M, Reig M, Lled6 JL, Arenas JI, Lorente S, Testillano M, Marquez L, Da Fonseca L,
Argemi J, Gomez-Martin C, Rodriguez-Fraile M, Bilbao JI, Sangro B. Nivolumab after selective internal radiation therapy for the treatment of
hepatocellular carcinoma: a phase 2, single-arm study. J Immunother Cancer 2022; 10 [PMID: 36450386 DOI: 10.1136/jitc-2022-005457]

81 Yu S, Yu M, Keane B, Mauro DM, Helft PR, Harris WP, Sanoff HK, Johnson MS, O'Neil B, McRee AJ, Somasundaram A. A Pilot Study of
Pembrolizumab in Combination With Y90 Radioembolization in Subjects With Poor Prognosis Hepatocellular Carcinoma. Oncologist 2024;
29: 270-e413 [PMID: 38325328 DOI: 10.1093/oncolo/oyad331]

82 Khan AR, Wei X, Xu X. Portal Vein Tumor Thrombosis and Hepatocellular Carcinoma - The Changing Tides. J Hepatocell Carcinoma 2021;
8: 1089-1115 [PMID: 34522691 DOI: 10.2147/JHC.S318070]

83 Garin E, Rolland Y, Edeline J, Icard N, Lenoir L, Laffont S, Mesbah H, Breton M, Sulpice L, Boudjema K, Rohou T, Raoul JL, Clement B,
Boucher E. Personalized dosimetry with intensification using 90Y-loaded glass microsphere radioembolization induces prolonged overall
survival in hepatocellular carcinoma patients with portal vein thrombosis. J Nucl Med 2015; 56: 339-346 [PMID: 25678490 DOI:
10.2967/jnumed.114.145177]

84 Garin E, Tselikas L, Guiu B, Chalaye J, Edeline J, de Baere T, Assenat E, Tacher V, Robert C, Terroir-Cassou-Mounat M, Mariano-Goulart D,
Amaddeo G, Palard X, Hollebecque A, Kafrouni M, Regnault H, Boudjema K, Grimaldi S, Fourcade M, Kobeiter H, Vibert E, Le Sourd S,
Piron L, Sommacale D, Laffont S, Campillo-Gimenez B, Rolland Y; DOSISPHERE-01 Study Group. Personalised versus standard dosimetry
approach of selective internal radiation therapy in patients with locally advanced hepatocellular carcinoma (DOSISPHERE-01): a randomised,
multicentre, open-label phase 2 trial. Lancet Gastroenterol Hepatol 2021; 6: 17-29 [PMID: 33166497 DOI: 10.1016/S2468-1253(20)30290-9]

85 Garin E, Lenoir L, Edeline J, Laffont S, Mesbah H, Porée P, Sulpice L, Boudjema K, Mesbah M, Guillygomarc'h A, Quehen E, Pracht M,
Raoul JL, Clement B, Rolland Y, Boucher E. Boosted selective internal radiation therapy with 90Y-loaded glass microspheres (B-SIRT) for
hepatocellular carcinoma patients: a new personalized promising concept. Eur J Nucl Med Mol Imaging 2013; 40: 1057-1068 [PMID:
23613103 DOI: 10.1007/s00259-013-2395-x]

86 Patidar Y; Basavaraj 1, Mukund A, Sarin SK. Transarterial Chemoembolization in Unresectable Hepatocellular Carcinoma with Portal Vein
Tumor Thrombosis: A Tertiary Care Center Experience. Indian J Radiol Imaging 2021; 31: 270-276 [PMID: 34556907 DOI:
10.1055/s-0041-1734367]

87 Zane KE, Makary MS. Locoregional Therapies for Hepatocellular Carcinoma with Portal Vein Tumor Thrombosis. Cancers (Basel) 2021; 13
[PMID: 34771593 DOI: 10.3390/cancers13215430]

88 Salem R, Lewandowski RJ, Mulcahy MF, Riaz A, Ryu RK, Ibrahim S, Atassi B, Baker T, Gates V, Miller FH, Sato KT, Wang E, Gupta R,
Benson AB, Newman SB, Omary RA, Abecassis M, Kulik L. Radioembolization for hepatocellular carcinoma using Yttrium-90 microspheres:
a comprehensive report of long-term outcomes. Gastroenterology 2010; 138: 52-64 [PMID: 19766639 DOI: 10.1053/j.gastr0.2009.09.006]

89 Jia Z, Jiang G, Tian F, Zhu C, Qin X. A systematic review on the safety and effectiveness of yttrium-90 radioembolization for hepatocellular
carcinoma with portal vein tumor thrombosis. Saudi J Gastroenterol 2016; 22: 353-359 [PMID: 27748320 DOI: 10.4103/1319-3767.191139]

90 Vanani NB, Janardan A, Asmi N, Jha P. Post-embolization Syndrome Following Yttrium-90 Radiation Segmentectomy. Cureus 2023; 15:
€35947 [PMID: 37038587 DOI: 10.7759/cureus.35947]

91 Tsai AL, Burke CT, Kennedy AS, Moore DT, Mauro MA, Dixon RD, Stavas JM, Bernard SA, Khandani AH, O'Neil BH. Use of yttrium-90
microspheres in patients with advanced hepatocellular carcinoma and portal vein thrombosis. J Vasc Interv Radiol 2010; 21: 1377-1384
[PMID: 20691606 DOI: 10.1016/j.jvir.2010.04.027]

92 Abouchaleh N, Gabr A, Ali R, Al Asadi A, Mora RA, Kallini JR, Mouli S, Riaz A, Lewandowski RJ, Salem R. (90)Y Radioembolization for
Locally Advanced Hepatocellular Carcinoma with Portal Vein Thrombosis: Long-Term Outcomes in a 185-Patient Cohort. J Nucl Med 2018;
59: 1042-1048 [PMID: 29217739 DOI: 10.2967/jnumed.117.199752]

93 Soin AS, Bhangui P, Kataria T, Baijal SS, Piplani T, Gautam D, Choudhary NS, Thiagarajan S, Rastogi A, Saraf N, Saigal S. Experience With
LDLT in Patients With Hepatocellular Carcinoma and Portal Vein Tumor Thrombosis Postdownstaging. Transplantation 2020; 104: 2334-
2345 [PMID: 32032291 DOI: 10.1097/TP.0000000000003162]

94 Tabone M, Calvo A, Russolillo N, Langella S, Carbonatto P, Lo Tesoriere R, Richetta E, Pellerito R, Ferrero A. Downstaging unresectable
hepatocellular carcinoma by radioembolization using 90-yttrium resin microspheres: a single center experience. J Gastrointest Oncol 2020; 11:
84-90 [PMID: 32175109 DOI: 10.21037/j20.2019.06.01]

95 Ifiarrairaegui M, Pardo F, Bilbao JI, Rotellar F, Benito A, D'Avola D, Herrero JI, Rodriguez M, Marti P, Zozaya G, Dominguez I, Quiroga J,
Sangro B. Response to radioembolization with yttrium-90 resin microspheres may allow surgical treatment with curative intent and prolonged
survival in previously unresectable hepatocellular carcinoma. Eur J Surg Oncol 2012; 38: 594-601 [PMID: 22440743 DOL:

Qﬁg@) WIR | https://www.wjgnet.com 526 October 28,2024 | Volume16 | Issuel0 |


http://www.ncbi.nlm.nih.gov/pubmed/34189839
https://dx.doi.org/10.1111/1751-2980.13030
http://www.ncbi.nlm.nih.gov/pubmed/24750853
https://dx.doi.org/10.1111/liv.12574
http://www.ncbi.nlm.nih.gov/pubmed/32358087
https://dx.doi.org/10.2967/jnumed.120.242933
http://www.ncbi.nlm.nih.gov/pubmed/37988840
https://dx.doi.org/10.1016/j.ejca.2023.113427
http://www.ncbi.nlm.nih.gov/pubmed/37459133
https://dx.doi.org/10.1158/1078-0432.CCR-23-0581
http://www.ncbi.nlm.nih.gov/pubmed/34695377
https://dx.doi.org/10.1016/S2468-1253(21)00305-8
http://www.ncbi.nlm.nih.gov/pubmed/36450386
https://dx.doi.org/10.1136/jitc-2022-005457
http://www.ncbi.nlm.nih.gov/pubmed/38325328
https://dx.doi.org/10.1093/oncolo/oyad331
http://www.ncbi.nlm.nih.gov/pubmed/34522691
https://dx.doi.org/10.2147/JHC.S318070
http://www.ncbi.nlm.nih.gov/pubmed/25678490
https://dx.doi.org/10.2967/jnumed.114.145177
http://www.ncbi.nlm.nih.gov/pubmed/33166497
https://dx.doi.org/10.1016/S2468-1253(20)30290-9
http://www.ncbi.nlm.nih.gov/pubmed/23613103
https://dx.doi.org/10.1007/s00259-013-2395-x
http://www.ncbi.nlm.nih.gov/pubmed/34556907
https://dx.doi.org/10.1055/s-0041-1734367
http://www.ncbi.nlm.nih.gov/pubmed/34771593
https://dx.doi.org/10.3390/cancers13215430
http://www.ncbi.nlm.nih.gov/pubmed/19766639
https://dx.doi.org/10.1053/j.gastro.2009.09.006
http://www.ncbi.nlm.nih.gov/pubmed/27748320
https://dx.doi.org/10.4103/1319-3767.191139
http://www.ncbi.nlm.nih.gov/pubmed/37038587
https://dx.doi.org/10.7759/cureus.35947
http://www.ncbi.nlm.nih.gov/pubmed/20691606
https://dx.doi.org/10.1016/j.jvir.2010.04.027
http://www.ncbi.nlm.nih.gov/pubmed/29217739
https://dx.doi.org/10.2967/jnumed.117.199752
http://www.ncbi.nlm.nih.gov/pubmed/32032291
https://dx.doi.org/10.1097/TP.0000000000003162
http://www.ncbi.nlm.nih.gov/pubmed/32175109
https://dx.doi.org/10.21037/jgo.2019.06.01
http://www.ncbi.nlm.nih.gov/pubmed/22440743

96

97

98

99

100

103

104

106

107

108

109

110

111

Hao K et al. Y90 radioembolization for HCC

10.1016/j.€j50.2012.02.189]

Seidensticker M, Powerski M, Seidensticker R, Damm R, Mohnike K, Garlipp B, Klopffleisch M, Amthauer H, Ricke J, Pech M. Cytokines
and (90)Y-Radioembolization: Relation to Liver Function and Overall Survival. Cardiovasc Intervent Radiol 2017; 40: 1185-1195 [PMID:
28283704 DOLI: 10.1007/s00270-017-1622-4]

Wickremesekera JK, Chen W, Cannan RJ, Stubbs RS. Serum proinflammatory cytokine response in patients with advanced liver tumors
following selective internal radiation therapy (SIRT) with (90)Yttrium microspheres. Int J Radiat Oncol Biol Phys 2001; 49: 1015-1021
[PMID: 11240242 DOI: 10.1016/s0360-3016(00)01420-6]

Richter C, Seco J, Hong TS, Duda DG, Bortfeld T. Radiation-induced changes in hepatocyte-specific Gd-EOB-DTPA enhanced MRI:
potential mechanism. Med Hypotheses 2014; 83: 477-481 [PMID: 25175713 DOI: 10.1016/j.mehy.2014.08.004]

Fernandez-Ros N, Ifiarrairaegui M, Paramo JA, Berasain C, Avila MA, Chopitea A, Varo N, Sarobe P, Bilbao JI, Dominguez I, D'Avola D,
Herrero JI, Quiroga J, Sangro B. Radioembolization of hepatocellular carcinoma activates liver regeneration, induces inflammation and
endothelial stress and activates coagulation. Liver Int 2015; 35: 1590-1596 [PMID: 24836705 DOI: 10.1111/1iv.12592]

Chew V, Lee YH, Pan L, Nasir NJM, Lim CJ, Chua C, Lai L, Hazirah SN, Lim TKH, Goh BKP, Chung A, Lo RHG, Ng D, Filarca RLF,
Albani S, Chow PKH. Immune activation underlies a sustained clinical response to Yttrium-90 radioembolisation in hepatocellular carcinoma.
Gut 2019; 68: 335-346 [PMID: 29440463 DOI: 10.1136/gutjnl-2017-315485]

Brandi N, Renzulli M. The Synergistic Effect of Interventional Locoregional Treatments and Immunotherapy for the Treatment of
Hepatocellular Carcinoma. Int J Mol Sci 2023; 24 [PMID: 37239941 DOI: 10.3390/ijms24108598]

Yu Q, Wang Y, Ungchusri E, Patel M, Kumari D, Van Ha T, Pillai A, Liao CY, Ahmed O. Combination of transarterial radioembolization
with atezolizumab and bevacizumab for intermediate and advanced staged hepatocellular carcinoma: A preliminary report of safety and
feasibility. J Interv Med 2023; 6: 187-193 [PMID: 38312131 DOI: 10.1016/j.jimed.2023.09.002]

Yeo YH, Liang J, Lauzon M, Luu M, Noureddin M, Ayoub W, Kuo A, Sankar K, Gong J, Hendifar A, Osipov A, Friedman ML, Lipshutz HG,
Steinberger J, Kosari K, Nissen N, Abou-Alfa GK, Singal AG, Yang JD. Immunotherapy and Transarterial Radioembolization Combination
Treatment for Advanced Hepatocellular Carcinoma. Am J Gastroenterol 2023; 118: 2201-2211 [PMID: 37561061 DOI:
10.14309/ajg.0000000000002467]

Stella M, Braat AJAT, van Rooij R, de Jong HWAM, Lam MGEH. Holmium-166 Radioembolization: Current Status and Future Prospective.
Cardiovasc Intervent Radiol 2022; 45: 1634-1645 [PMID: 35729423 DOI: 10.1007/s00270-022-03187-y]

Marshall S. Personalised treatment planning “the future” of radioembolization, ECIO hears, in Y-90 vs. Ho-166 comparison. [cited 1 June
2024]. Available from: https://interventionalnews.com/personalised-treatment-planning-radioembolization/

Pasciak AS, Abiola G, Liddell RP, Crookston N, Besharati S, Donahue D, Thompson RE, Frey E, Anders RA, Dreher MR, Weiss CR. The
number of microspheres in Y90 radioembolization directly affects normal tissue radiation exposure. Eur J Nucl Med Mol Imaging 2020; 47:
816-827 [PMID: 31741021 DOI: 10.1007/s00259-019-04588-x]

Zhang YZ, Liu YC, Su T, Shi JN, Huang Y, Liang B. Current advances and future directions in combined hepatocellular and
cholangiocarcinoma. Gastroenterol Rep (Oxf) 2024; 12: goae031 [PMID: 38628397 DOI: 10.1093/gastro/goac031]

Saha SK, Zhu AX, Fuchs CS, Brooks GA. Forty-Year Trends in Cholangiocarcinoma Incidence in the U.S.: Intrahepatic Disease on the Rise.
Oncologist 2016; 21: 594-599 [PMID: 27000463 DOI: 10.1634/theoncologist.2015-0446]

Hare AE, Makary MS. Locoregional Approaches in Cholangiocarcinoma Treatment. Cancers (Basel) 2022; 14 [PMID: 36497334 DOL:
10.3390/cancers14235853]

Choi JH, Ro JY. Combined Hepatocellular-Cholangiocarcinoma: An Update on Pathology and Diagnostic Approach. Biomedicines 2022; 10
[PMID: 36009374 DOI: 10.3390/biomedicines10081826]

Rayar M, Sulpice L, Edeline J, Garin E, Levi Sandri GB, Meunier B, Boucher E, Boudjema K. Intra-arterial yttrium-90 radioembolization
combined with systemic chemotherapy is a promising method for downstaging unresectable huge intrahepatic cholangiocarcinoma to surgical
treatment. Ann Surg Oncol 2015; 22: 3102-3108 [PMID: 25623598 DOI: 10.1245/s10434-014-4365-3]

Woerner AJ, Johnson GE. Advances in Y-90 radioembolization for the treatment of hepatocellular carcinoma. Hepatoma Res 2022; 8: 2 [DOI:
10.20517/2394-5079.2021.122]

Abraham R, Lewandowski R, Gandhi RT, Liu DM. What’s New in Y-90? [cited 1 June 2024]. Available from: https://evtoday.com/articles/
2019-oct/whats-new-in-y-90

Phan NH, Chun HJ, Oh JS, Kim SH, Choi BG. TACE vs. TARE for HCC > 8 cm: A propensity score analysis. Abdom Radiol (NY) 2024
[PMID: 39320494 DOI: 10.1007/s00261-024-04573-5]

3%9@) WIR | https://www.wjgnet.com 527 October 28,2024 | Volume16 | Issuel0 |


https://dx.doi.org/10.1016/j.ejso.2012.02.189
http://www.ncbi.nlm.nih.gov/pubmed/28283704
https://dx.doi.org/10.1007/s00270-017-1622-4
http://www.ncbi.nlm.nih.gov/pubmed/11240242
https://dx.doi.org/10.1016/s0360-3016(00)01420-6
http://www.ncbi.nlm.nih.gov/pubmed/25175713
https://dx.doi.org/10.1016/j.mehy.2014.08.004
http://www.ncbi.nlm.nih.gov/pubmed/24836705
https://dx.doi.org/10.1111/liv.12592
http://www.ncbi.nlm.nih.gov/pubmed/29440463
https://dx.doi.org/10.1136/gutjnl-2017-315485
http://www.ncbi.nlm.nih.gov/pubmed/37239941
https://dx.doi.org/10.3390/ijms24108598
http://www.ncbi.nlm.nih.gov/pubmed/38312131
https://dx.doi.org/10.1016/j.jimed.2023.09.002
http://www.ncbi.nlm.nih.gov/pubmed/37561061
https://dx.doi.org/10.14309/ajg.0000000000002467
http://www.ncbi.nlm.nih.gov/pubmed/35729423
https://dx.doi.org/10.1007/s00270-022-03187-y
https://interventionalnews.com/personalised-treatment-planning-radioembolization/
http://www.ncbi.nlm.nih.gov/pubmed/31741021
https://dx.doi.org/10.1007/s00259-019-04588-x
http://www.ncbi.nlm.nih.gov/pubmed/38628397
https://dx.doi.org/10.1093/gastro/goae031
http://www.ncbi.nlm.nih.gov/pubmed/27000463
https://dx.doi.org/10.1634/theoncologist.2015-0446
http://www.ncbi.nlm.nih.gov/pubmed/36497334
https://dx.doi.org/10.3390/cancers14235853
http://www.ncbi.nlm.nih.gov/pubmed/36009374
https://dx.doi.org/10.3390/biomedicines10081826
http://www.ncbi.nlm.nih.gov/pubmed/25623598
https://dx.doi.org/10.1245/s10434-014-4365-3
https://dx.doi.org/10.20517/2394-5079.2021.122
https://evtoday.com/articles/2019-oct/whats-new-in-y-90
https://evtoday.com/articles/2019-oct/whats-new-in-y-90
http://www.ncbi.nlm.nih.gov/pubmed/39320494
https://dx.doi.org/10.1007/s00261-024-04573-5

JRnishideng®

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office(@baishideng.com
Help Desk: https://www.t6publishing.com/helpdesk

https:/ /www.wjgnet.com

© 2024 Baishideng Publishing Group Inc. All rights reserved.


mailto:office@baishideng.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	TARE
	Procedural technique
	Indications and outcome predictors
	TARE clinical outcomes and current strategies
	TARE safety and tolerance

	TARE IN EARLY HCC
	Early HCC classification and interventions
	Early efficacy of early HCC TARE interventions
	Comparable efficacy of TARE to standard curative-intent treatments in early HCC
	Impact of landmark studies on TARE usage in early HCC
	Side effects and benefits of TARE in early HCC tumors

	OUTCOMES FOR TARE IN INTERMEDIATE HCC
	TARE as a potential alternative to TACE for second stage BCLC-B
	TARE in late-stage BCLC-B
	TARE and TACE as a part of a combination therapy for BCLC-B

	TARE WITH Y90 IN ADVANCED HCC
	Outcomes of TARE as a monotherapy in advanced HCC
	TARE as a combination therapy in advanced HCC

	TARE IN THE SETTING OF PVT
	TARE in palliative treatment of advanced HCC with PVT
	TARE in downstaging advanced HCC with PVT

	FUTURE DIRECTIONS
	TARE synergies with immunotherapies and systemics
	Combination therapies with immunotherapy
	Personalized TARE dosimetry to improve patient outcomes
	Radioembolization TARE radionuclides other than Y90 such as Ho-166
	CCA treatment with TARE
	Other considerations

	CONCLUSION
	FOOTNOTES
	REFERENCES

