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Combination makes strength: a narrative review of transarterial
radioembolization plus immune checkpoint inhibitors for
hepatocellular carcinoma
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Background and Objective: Immune checkpoint inhibitors (ICIs) and transarterial radioembolization
(TARE) are now regarded as promising and versatile therapies for hepatocellular carcinoma (HCC).
Combining TARE and ICIs may offer synergistic antineoplastic effects by integrating local and systemic
tumor control. This review critically discusses recent preclinical evidence supporting the TARE-ICI
combination strategy, completed and ongoing clinical trials, and the challenges in identifying optimal target
populations and treatment protocols.

Methods: A comprehensive literature search was conducted in multiple electronic databases (PubMed,
Scopus, and Web of Science) from January 1999 to January 2024. The first part of the search was directed at
identifying concluded studies regarding the TARE-ICIs combination. The second part aimed at identifying
ongoing clinical trials exploring the Clinicaltrials.gov database.

Key Content and Findings: The combination of TARE and ICIs is a promising strategy, supported by
preclinical evidence of immune activation post-TARE and potential synergies with ICIs. Early-phase clinical
trials have reported encouraging efficacy. However, significant heterogeneity exists among these studies,
particularly concerning target populations and treatment schedules.

Conclusions: The current evidence on TARE-ICI is favorable and promising in improving outcomes of

patients with HCC. Further conclusive and higher levels of evidence are pending.
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Introduction
Background

Hepatocellular carcinoma (HCC) is a significant global
health challenge, responsible for over 800,000 deaths
annually (1). Despite the expansion of the therapeutic
arsenal over the past two decades, the 5-year survival rate
for this cancer continues to be low (17%) (1). Treatment
options for advanced stage are the fastest growing sector
among treatment options for HCC. The introduction of
immune checkpoint inhibitors (ICIs) marked a revolutionary
shift in therapy. Notably, in the last 5 years, combinations
such as atezolizumab with bevacizumab (2), sintilimab with
bevacizumab (3), durvalumab and tremelimumab (4) have
shown superiority over sorafenib. Additionally, single-agent
ICIs tislelizumab (5) and durvalumab (4) have reached non-
inferiority to sorafenib.

Despite these advancements, the radiological response
rates for HCC remain between 10-15% for single agents
and up to 30% for combination regimens (6).

Alongside systemic anti-cancer treatments, transarterial
radioembolization (TARE) has emerged as a significant
innovation in HCC management. TARE, a type of intra-
arterial brachytherapy using Yttrium-90 (Y90)-labeled
resin or glass particles (SIR-Spheres or TheraSphere,
respectively) was approved by the Food and Drug
Administration (FDA) in 2021 for patients with unresectable
HCC (7,8).

This method offers versatility in targeting lesion size,
customizing radiation doses, and potential benefits over
other locoregional treatments, particularly in the presence
of portal vein thrombosis (9,10).

Looking ahead, combining ICIs with locoregional
treatments such as TARE holds promise for both advanced
and earlier stages of HCC. This strategy aims to increase
the number of patients eligible for curative interventions,
including liver transplantation (11). Specifically, integrating
TARE with ICIs may convert an immunosuppressive tumor
microenvironment (I'ME) into an immune-supportive
setting, enhancing the efficacy of ICIs and mitigating the
adverse effects of embolization-induced hypoxia (especially
when ICIs are combined with anti-angiogenic agents) (11-15).

Rationale and knowledge gap
The combination of TARE with ICIs has a strong

preclinical rationale and holds significant theoretical
potential in clinical practice. However, clinical data remain
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sparse. A comprehensive collection of both clinical and
preclinical data is needed to provide practical information
on this topic, helping clinicians understand the current
limitations and future directions.

Objective

In this review, we will summarize the current evidence
regarding the use of TARE in HCC, examine the data
supporting its combination with ICIs, and discuss ongoing
studies evaluating this promising therapeutic approach. We
present this article in accordance with the Narrative Review
reporting checklist (available at https://cco.amegroups.com/
article/view/10.21037/cco-24-27/rc).

Methods

We searched the PubMed, Scopus, and Web of Science
databases from January 1999 to January 2024 using
the following query: “hepatocellular carcinoma” AND
(“transarterial radioembolization” OR “selective internal
radiotherapy”) AND (“immune checkpoint inhibitors” OR
“immunotherapy” OR “nivolumab” OR “atezolizumab” OR
“durvalumab” OR “tremelimumab”). Following the removal
of duplicate articles, this search yielded 98 results. After
excluding non-original articles and non-English language
studies, 11 studies were included in this review. Overall
survival (OS), progression-free survival (PFS), response
rate, and safety were considered outcome of special interest.
The baseline characteristics of the study populations were
also analyzed.

Moreover, to report and describe the ongoing clinical trials
of TARE + ICIs, we accessed Clinicaltrials.gov in January
2024, selecting the following options for condition/disease:
“Liver cancer”, “Hepatocellular carcinoma”, “Hepatocellular
cancer”, “Hepatocellular carcinoma Non-resectable”,
“Hepatocellular carcinoma/(HCC/)”. We identified seven
ongoing studies. The search and selection of articles were
conducted independently by R.C., G.M., and M.M., and then
reviewed by B.S., S.D.L., and E'T. Consensus was obtained
after discussion with the senior author (F.T.).

The search strategy summary is provided in Table 1.

Discussion
Current role of TARE in HCC
TARE faced setbacks in recent Phase 3 randomized
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Table 1 The search strategy summary

ltems

Specification

Date of search

Databases and other sources
searched

Search terms used

Timeframe
Inclusion criteria

Selection process

15 January 2024

PubMed, Scopus, Web of Science, Clinicaltrials.gov

“transarterial radioembolization”; “selective internal radiotherapy”; “hepatocellular carcinoma”; “immune
checkpoint inhibitors”; “immunotherapy”; “nivolumab”; “atezolizumab”; “durvalumab”; “tremelimumab”

Inception of database to July 2023
Original articles relevant to TARE and immunotherapy in English language

The search and selection of articles were conducted by R.C., G.M., M.M. These were then reviewed by
B.S., S.D.L., and F.T. Search and selection was conducted independently, consensus was obtained after
discussion with the senior author (F.T.)
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TARE, transarterial radioembolization.

controlled trials SARAH and SIRveNIB, which reported
negative outcomes when TARE was compared to sorafenib,
then the standard treatment for advanced-stage HCC (16,17).
Additionally, the Phase 3 SORAMIC trial showed that adding
TARE to sorafenib did not confer a survival advantage over
sorafenib monotherapy (18). These trials were hindered by
poor patient selection, enrolling individuals with extensive
liver neoplastic occupation (up to 70%), who had a limited
chance of achieving a meaningful response and an increased
risk of radiation-induced liver damage.

With immune-based combinations emerging as the
new standard of care, innovative associations of TARE and
systemic therapies are now under investigation. Today, TARE
can be applied across nearly all Barcelona Clinic for Liver
Cancer (BCLC) stages, provided patients have preserved liver
function (Child-Pugh A-B7), normal serum bilirubin levels,
limited tumor load (less than 50% liver involvement), and a
low percentage of lung shunt (19) (Figure 1).

In early-stage HCC (BCLC-0 or -A), an ablative dose
of Y90 can be delivered to up to two liver segments for
radiation segmentectomy. This is considered a third
option for non-surgical candidates with lesions in locations
unsuitable for ablation (20). Based on the results of the
LEGACY trial, the latest BCLC update now consider as a
viable treatment option for early-stage HCC with a single
nodule less than 8 cm (21).

In the BCLC-B class, TARE exhibits a safety profile similar
to that of transarterial chemoembolization (TACE), making
it suitable for patients with portal vein thrombosis due to its
lower risk of hepatic failure compared to TACE (22). Unlike
TACE, TARE causes less significant vascular blockage due

to the smaller diameter of Y90 microspheres, resulting in
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a lower ischemic effect and a threefold lower incidence of
postembolization syndrome (23). Given the available data,
Y90 treatment is safe for patients with compromised portal
circulation at the level of the first-order portal branches (24).

TARE is also applicable in advanced HCC (BCLC-C),
particularly for patients with neoplastic vascular invasion.
Several studies indicate its potential for downstaging disease
in patients with portal vein tumor thrombus, especially
in those with thrombus in the portal vein branch and
preserved liver function (24-27).

Pre-clinical rationale for combination treatment (TARE +
ICIs)

Several studies in recent years have demonstrated the
concept of immune activation following TARE. Since the
early 2000s, radiation has been hypothesized to promote an
anti-tumoral immune response by increasing tumor antigen
presentation, as shown by increased tumor cell major
histocompatibility class I (MHC I) expression following
external y-beam radiation (28). Observations of the abscopal
effect, where distant oncological responses occur after
local therapy (29,30) further support the idea of significant
immune stimulation triggered by interventional procedures,
particularly irradiation (31).

In 2019, Chew et al. (32) analyzed the immune profile
of surgically resected HCC downstaged with TARE.
They observed increased CD56" natural killer (NK) cells,
CD8'CD56" natural killer T (NKT) cells, granzyme B
(GB)" CD8" T cells, and CD4" T cells in YO0 TARE-
treated HCC specimens compared to treatment-naive
patients. Additionally, the authors found a higher expression
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TARE across the BCLC algorithm
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Figure 1 Possible applications of transarterial radioembolization across the BCLC stages. TARE, transarterial radioembolization; BCLC,

Barcelona Clinic for Liver Cancer; ECOG-PS, Eastern Cooperation Group-performance status; PVT, portal vein thrombosis; ICI, immune

checkpoint inhibitor.

of chemotactic cytokines CCL5 and CXCL16, which are
associated with the recruitment and homing of activated
T cells. Comparing peripheral blood mononuclear cells
(PBMCs) before and after TARE, the authors noted an
increase in tumor necrosis factor (TNF)-o expression on
both CD8" and CD4" T cells one month after TARE,
as well as a higher percentage of antigen-presenting
cells 3 months post-TARE, indicating systemic immune
activation. Interestingly, patients with sustained objective
responses post- TARE exhibited higher pre- and post-TARE
percentages of CD8" T cells expressing PD-1 and TIM3,
markers of T cell exhaustion that may indicate higher
peripheral T cell activation.

A more recent study retrospectively analyzed 60 patients
treated with partial hepatectomy for HCC, with about half
undergoing pre-operative TACE or TARE (33). TARE-
treated patients showed a significant increase in CD3" tumor-
infiltrating lymphocytes (T1Ls) and GB expression compared
to those receiving TACE. The type of immune infiltrate
was influenced by the dose of irradiation, with lower doses
(<100 Gy) associated with a higher peri-tumoral CD3" TIL
ratio and higher doses (>100 Gy) associated with more intra-
tumoral CD4" cells. In this study, although pre-operative
TARE generated significant modifications of the TME while
pre-operative TACE did not, neither treatment improved OS
or PFS after partial hepatectomy compared to the surgery-
only group, confirming previous observations (34-37). These
findings suggest that the immune cells recruited locally after
TARE may not acquire full functionality, failing to generate
a robust anti-tumor response in the remaining liver tissue.

© AME Publishing Company.

Combination regimens with ICls or other immunotherapies
may, at least partially, overcome these resistance mechanisms
(Figure 2) (38).

Rivoltini et al. (39) later observed an increase in
circulating CD3" T cells, GB* CD8" T cells, CD4" T
cells, and Tregs in the peripheral blood of TARE patients,
peaking at 1-month post-treatment and decreasing at 3 and
6 months. Notably, these TARE-induced T cells exhibited
high levels of PD-1 and LAG-3, especially in responders,
suggesting a potentially dysfunctional immune response
with immediate anti-tumoral activity but lacking long-term
immunological memory. In this context, the timely delivery
of ICIs against the PD-1/PD-L1 or LAG-3 pathways may
restore the anti-tumoral immune response and guarantee
long-term clinical outcomes (11).

Locoregional treatments can also induce
immunosuppressive factors (IL-6, VEGE, HIF-1a, TGF-p,
PD-1, and PD-L1), which may stimulate Treg accumulation
and cause lymphopenia, leading to tumor progression
(12,13,15). Consistent with this evidence, a German
study found that TARE caused severe impairment of the
cellular immune response, with decreased lymphocyte
proliferation and interferon-y production lasting until day
28 post-therapy (40). Lymphopenia was affecting all subsets
(CD3%, CD4', CD8" T cells, B cells and NK cells), and also
included a reduction in the percentage of activated HLA-
DR* monocytes and of CD45R0" memory T cells. The
authors proposed that the drop of lymphocyte counts was a
result of radiation induced DNA damages on the circulating

lymphocytes.
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Figure 2 Mechanism of potential synergistic effects between of TARE and immune checkpoint inhibitors, based on preclinical evidence.

TARE may induce apoptosis of tumour cells, with the release of tumours peptides. These tumour-associated antigens, together with pro-
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inappropriately be activated by tumour cells leading to tumour immune escape, which can be prevented using immune checkpoint inhibitors.

TARE, transarterial radioembolization; PD-1, programmed death-1; TIM3, T cell immunoglobulin and mucin domain-containing protein 3;

LAG-3, lymphocyte-activation gene 3.

Although more research is needed and some data are
conflicting, the potential synergistic benefit of combining
TARE with ICIs has generated growing interest,
particularly regarding their clinical application.

Evidence from concluded studies

Published clinical evidence regarding the combination of
TARE and systemic treatment is still limited, particularly
in the context of combining TARE with ICIs. Table 2
summarizes the published studies investigating this
combination strategy for HCC.

Tai et al. published the results of a Phase II trial
combining TARE with nivolumab 240 mg every 2 weeks,
starting 21 days after the procedure. Among the 36 patients
with advanced HCC who received TARE and nivolumab,
the authors reported an objective response rate (ORR) of
30.6% [95% confidence interval (CI): 16.4-48.1%], with
only one complete response (CR) (41). A similar study by
de la Torre-Aldez et 4l. involved 41 patients who received
nivolumab after TARE, achieving a remarkable ORR of

© AME Publishing Company.

41.5%. However, it is noteworthy that only a quarter of the
patients in this study were classified as BCLC-C (42).

Marinelli ez 4/. conducted a retrospective study analyzing
a cohort of patients who received nivolumab approximately
within 60 days before TARE until the date of the procedure.
Nivolumab was then resumed following the same schedule.
Among the 21 enrolled patients, the median OS was
12.0 months, with a median follow-up of 8.8 months. While
the ORR of the targeted lesion was highly encouraging, the
ORR for the overall disease was 20%, with a median time-
to-progression of 4.3 months (43).

Zhan et al. analyzed a similar cohort of 26 patients
(18 receiving only nivolumab, 8 receiving nivolumab plus
ipilimumab) who were exposed to systemic treatment before
receiving TARE (44). This single-center retrospective study,
conducted between 2015 and 2018, primarily focused on
the safety profile but also provided efficacy data, showing
a median OS of 16.5 and 17.2 months from TARE and the
first dose of immunotherapy, respectively. Interestingly,
the study included 6 patients with impaired liver function
(Child-Pugh B) without reporting concerning adverse
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Table 2 Concluded studied regarding combination strategies of TARE and ICIs for hepatocellular carcinoma

Systemic Schedule of Radiologic
Refence Study design Phase Country Microspheres t::era immunotherapy Patients criteria of ORR Median OS
Py administration response
Tai et al. (41) Prospective, ] Singapore Resin Nivolumab Adjuvant 36 (BCLC-B, RECIST 1.1 30.6% 16.9 months
monocentric (after 21 days) -C)
delaTorre-  Prospective, ] Spain Resin Nivolumab Adjuvant 42 (BCLC-B RECIST 1.1 41.5% 20.9 months
Alaez et al. monocentric (after 21 days) 31,-C11)
42)
Marinelli Retrospective, NA us Glass/resin Nivolumab  Periprocedural (from 21 (BCLC-B, mRECIST 40% at 12.0 months
et al. (43) monocentric 60 days before to -C) 1 month, 20%
concurrent, then at 6 months
adjuvant)
Zhan et al. Retrospective, NA us Glass/resin  Nivolumab or  Adjuvant (within 26 (BCLC-B, mRECIST 26% 17.2 months
(44) monocentric nivolumab/ 90 days from TARE) -C)
ipilimumab
Yu et al. (45) Retrospective, NA us Glass Atezolizumab/  Periprocedural 10 (BCLC-B  mRECIST  Not reported Not reached
monocentric bevacizumab 4;-C 6)

TARE, transarterial radioembolization; ICl, immune checkpoint inhibitor; ORR, objective response rate (evaluated on the overall tumour burden); OS, overall

survival; NA, not applicable; BCLC, Barcelona Clinic for Liver Cancer.

events (44).

Yu e al. recently published a small retrospective study
involving patients with advanced HCC treated with TARE
combined with atezolizumab and bevacizumab. In this
study, patients received atezolizumab-bevacizumab before
TARE (with bevacizumab stopped 3 weeks before TARE).
Systemic treatment was reintroduced 1 to 2 months after
TARE (45). Although the study included only 10 patients
with a median follow-up of 12 months, the results were
remarkable, with both PFS and OS not reached, and only
4 of 10 patients developing progression during the study
period.

The highest ORR for a combination of ICI plus TARE
was recently reported by Lee er /. in the SOLID trial,
an open-label Phase I-II trial evaluating the safety and
efficacy of durvalumab plus TARE. In this trial, 20 out of
24 patients achieved either partial response (PR) or CR.
Notably, patients with extrahepatic disease were excluded
from this trial (46). Despite the significant improvement
in ORR, the median OS for the BCLC-C class population
remained quite poor (9.5 months), especially compared
to similar studies. This discrepancy between radiological
response and OS was attributed to several patients dying
before developing radiological progression. This finding
could be related to the inclusion of a relatively high number
of patients with negative prognostic tumor features and the
administration of a relatively high dose of radiation (median:
191 Gy).

© AME Publishing Company.

Ongoing trials and future scenarios

Studies investigating single-agent nivolumab in patients
with advanced HCC demonstrated an ORR ranging from
15% to 20%, compared to 30-40% in prospective studies
involving combinations with TARE. These findings align
with preclinical evidence, suggesting a potential advantage
in combination strategies. However, it remains unclear
whether this benefit is synergistic or merely additive.

Recently, the interest around combining loco-regional
treatment with ICIs heightened after the success of the
EMERALD-1 trial. Interest in combining loco-regional
treatments with ICIs has increased, particularly after
the success of the EMERALD-1 trial. This was the first
randomized clinical trial to demonstrate a benefit in PFS
when systemic treatment (durvalumab plus bevacizumab) was
administered following TACE compared to TACE alone in
patients with unresectable but TACE-eligible HCC (47).

Given the economic implications of both TARE and
IClIs, future trials should aim to achieve either a prolonged
OS or a substantial increase in ORR. Additionally, the rate
of conversion to curative treatments is another important
endpoint to consider.

Ongoing trials (reported in Table 3) emphasize ORR
as the primary efficacy outcome. Various combinatorial
regimens are currently being evaluated, including single-
agent pembrolizumab and dual regimens (48-53).

Among the dual regimens, durvalumab plus

Chin Clin Oncol 2024;13(5):71 | https://dx.doi.org/10.21037/cco-24-27
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Table 3 Ongoing clinical trials of combination strategies of TARE and ICIs for hepatocellular carcinoma

NCT Systemic therapy Primary BCLC stage Phase Estlmateq number of Date of.complenon
outcome patients (estimated)
NCT04541173 (48) Atezolizumab/bevacizumab PFS  Upto C (no extrahepatic |l 128 Study terminated
(adjuvant) disease) due to low accrual
NCT05063565 (49)  Durvalumab + tremelimumab ORR  Up to C (no extrahepatic |l 100 July 2027
(adjuvant) or Vp3/Vp4)
NCT04605731 (50)  Durvalumab + tremelimumab  Safety Up to C (no extrahepatic | 32 December 2024
(adjuvant) disease)
NCT04522544 (51)  Durvalumab + tremelimumab ORR UptoB I 55 September 2025
(adjuvant)
NCT06040099 (52) Durvalumab +bevacizumab PFS  Upto C (no extrahepatic |l 100 September 2026
(adjuvant) or Vp3/Vp4
NCTO03099564 (53) Pembrolizumab (adjuvant) PFS  Up to C (no extrahepatic | 30 March 2024
disease)

TARE, transarterial radioembolization; ICI, immune checkpoint inhibitor; NCT, National Clinical Trial; BCLC, Barcelona Clinic for Liver
Cancer; PFS, progression-free survival; ORR, objective response rate; Vp3, neoplastic portal vein invasion in one of the main branch; Vp4,

neoplastic portal vein invasion in the portal trunk.

tremelimumab and atezolizumab plus bevacizumab are
particularly noteworthy as they are already approved for
treating unresectable HCC. Despite the potential, an open-
label, multi-center, randomized Phase II study comparing
Y90 TARE followed by bevacizumab and atezolizumab
to Y90 TARE alone in unresectable advanced HCC
(NCT04541173) was recently terminated due to low
accrual, highlighting the challenges in obtaining data from
prospective trials.

Currently, three studies are exploring the combination
of TARE and durvalumab-tremelimumab (NCT05063565,
NCT04522544, NCT04605731). In particular, the
ROWAN study (NCT05063565) is a global open-label,
prospective, multi-center Phase II trial designed to assess
the safety and efficacy of glass microspheres administered
before initiation of durvalumab with tremelimumab in
HCC patients who are unsuitable for curative procedures.
This study will enroll about 100 patients using ORR as
the primary endpoint. Interestingly, this study includes
dosimetry data (pre-treatment and post-treatment volumes
and absorbed doses; correlation between tumoral absorbed
doses and impact on tumor response, survival, and safety)
amongst its many secondary endpoints. The IMMUWIN
trial (NCT04522544) adopted a different study design.
Patients with intermediate-stage HCC will be randomized
into two experimental arms, one receiving TARE +
durvalumab + tremelimumab, the other arm receiving
TACE + durvalumab + tremelimumab. This study aims

© AME Publishing Company.

to determine the ideal transarterial treatment to pair with
ICIs. The primary endpoint is the proportion of patients
with a best response of complete or PR at 6 months. Finally,
NCT04605731 is a Phase 1b study focusing on safety
endpoints (including dose-limiting toxicities and adverse
events) for durvalumab plus tremelimumab following
TARE. Patients receive standard radioembolization
with 90Y resin spheres, followed by durvalumab and
tremelimumab. Durvalumab cycles continue in the absence
of disease progression or unacceptable toxicities. For
patients accepting to undergo seriate biopsies, exploratory
aims of this study include the association of response and
survival outcomes with next generation sequencing results,
and genomic evolutions in tumor tissue through comparison
of baseline and post-combination immunotherapy treatment
tumor biopsies.

Conclusions

Several encouraging preclinical studies have emerged
in recent years, supporting the synergistic role of loco-
regional treatments and ICIs. Although promising results
have been reported, the currently available evidence is still
insufficient to provide strong recommendations for clinical
practice. The relatively low number of patients included
in prospective studies, heterogeneity in patient selection,
treatment schedules, and clinical settings (ranging from
peri-treatment approaches to purely adjuvant regimens)

Chin Clin Oncol 2024;13(5):71 | https://dx.doi.org/10.21037/cco-24-27



Page 8 of 11

remain significant issues.

Future studies should address and clarify at least four
pivotal aspects. First, define patient selection to clearly
identify which patients are suitable candidates for TARE,
avoiding those with extensive liver invasion to prevent
repeating the mistakes that contributed to the failure of
previous Phase 3 TARE trials. Second, determine the
most effective ICI monotherapies or combinations to use
alongside TARE. Third, to establish the best treatment
schedules (neoadjuvant, peri-procedural, or adjuvant) for
combining TARE with ICIs. Fourth, to assess whether
TARE provides superior benefits compared to other loco-
regional techniques, particularly TACE, when combined
with ICIs.

Ongoing studies will hopefully provide answers to some
of these questions and further clarify the role of combining
TARE with ICIs in clinical practice.
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