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Simple Summary: The prognostic evaluation and therapeutic management of hepatocarcinoma
(HCC) is based on the Barcelona Liver Cancer Clinic (BCLC). In the past years, immunotherapy
has become a mainstay of first-line treatment in advanced HCC and further treatment options are
underway. Beyond this, the scientific community is more and more focusing on immunotherapeutic
approaches in earlier HCC stages. The purpose of this review is to describe the rationale for im-
munotherapeutic approaches and the studies conducted with immunotherapy in patients with early
and intermediate stage HCC.

Abstract: Surgery and radiofrequency ablation remain the gold standard to achieve cure in patients
with hepatocellular carcinoma (HCC). After a decade in which only sorafenib was available for
advanced and metastatic HCC, the emergence of other molecularly targeted drugs and immune
checkpoint inhibitors (ICIs) has significantly improved the patients” prognosis. In particular, the
use of ICIs has shown promising results and has revolutionized the treatment algorithm in HCC
patients. Indeed, preclinical and clinical data have documented a high density of immunosuppressive
cells and an increased expression of the programmed death-1 (PD-1) receptor and cytotoxic T-cell
associated protein-4 (CTLA-4) in HCC. However, despite these observations, no validated biomarker
is available and the molecular groundwork responsible for response to ICIs remains elusive. The anti-
CTLA4 monoclonal antibody tremelimumab and the anti-PD-1 monoclonal antibodies nivolumab
and pembrolizumab were the first ICIs to be tested in HCC. Recently, the combination of the anti-
programmed death-ligand 1 (PD-L1) inhibitor atezolizumab and the anti-vascular endothelial growth
factor (VEGF) antibody bevacizumab demonstrated an improvement in patient outcome compared
to sorafenib, becoming the standard of care in the frontline setting of advanced disease. Other
immunotherapeutic agents such as pembrolizumab or the combination nivolumab-ipilimumab have
shown promising results that have to be confirmed in phase III studies. Currently, the combination of
different ICIs (i.e., ipilimumab, durvalumab) and anti-angiogenic agents (i.e., regorafenib, lenvatinib)
is currently being tested in several trials and will hopefully revolutionize the treatment of HCC.
To date, numerous studies are underway evaluating ICIs in adjuvant and neoadjuvant settings to
improve survival in early and intermediate stages. Thus, this review focuses on the rationale for ICIs
and their potential use for early or intermediate HCC stages.

Keywords: targeted therapy; locoregional treatment; immunotherapy; multimodality therapy;
immune checkpoint inhibitors; hepatocellular carcinoma
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1. Introduction

Hepatocellular carcinoma (HCC) is the third cause of cancer-related death worldwide
in 2020 and the sixth most frequent cancer [1]. The prognosis and treatment of HCC are
based on the Barcelona Liver Cancer Clinic (BCLC), where the disease is divided into four
stages upon which treatment decisions are based [2]. The BCLC staging system includes
prognostic variables related to tumor burden (size and numbers of nodules, portal or
extrahepatic invasion), liver function (according to Child-Pugh classification, albumin,
bilirubin, prothrombin time, hepatic encephalopathy, and ascites) and general health status
(according to the Eastern Cooperative Oncology Group [ECOG] classification) [2]. The
stage is therefore directly related to the proposed treatment strategy [2].

In general, patients with very early or early-stage HCC (BCLC 0 single tumor
nodule < 2 cm or BCLC A single nodule or 2-3 nodules < 3 cm, preserved liver func-
tion and PS 0, respectively) are preferred candidates for curative treatments such as liver
resection (LR), orthotopic liver transplant (LT) or local ablation (LA). Intermediate-stage
patients (BCLC B multifocal or unresectable tumors, preserved liver function, and PS 0)
are candidates for transarterial chemoembolization (TACE) and advanced hepatocellular
carcinoma (BCLC C tumor with portal invasion or extrahepatic infiltration, preserved liver
function, PS 1-2) is treated with systemic therapy [2]. End-stage patients (BCLC D) who
have end-stage liver function and PS 3—4 are candidates for best supportive care (BSC) [2].

Despite the development of surveillance programs, only about 30% of patients are in
the early stage (BCLC A) and can undergo curative therapies [3]. Although liver resection
is the cornerstone of curative treatment for HCC, the risk of recurrence is high reaching
70% of cases at 5 years [2,4].

As mentioned above, in the intermediate stage (BCLC B), the recommended treatment
is TACE [5], which can lead to survival rates of 82%, 47%, and 26% at 1, 3, and 5 years,
respectively [5]. Additionally, TACE used in HCC patients with a tumor size of less than or
equal to 5 cm (early stage) resulted in 1, 3, and 5-year overall survival (OS) rates of 91%,
66%, and 52, respectively [6].

Systemic therapy is the main treatment for patients with HCC in BCLC C [7], although,
in clinical practice, a subset of patients within BCLC-B with diffuse, infiltrative, and exten-
sive liver cancer involvement not benefiting from TACE should be treated with systemic
treatment [8]. For about 10 years, the only available systemic treatment for stage C has
been sorafenib [9]. In 2019, the Tyrosine Kinase Inhibitor (TKI) lenvatinib was approved
as an alternative to sorafenib in the first-line treatment for HCC [10]. Recently, other
TKIs or monoclonal antibodies that target angiogenesis were approved after failing on
sorafenib, namely, regorafenib, cabozantinib, and ramucirumab [11-13]. More recently,
immunotherapy has entered the field of HCC treatment [14]. A new therapeutic combina-
tion in the advanced phase (Atezolizumab-Bevacizumab—Imbrave 150 Trial) was recently
approved [15]. This combination showed superior survival compared to sorafenib, while
there are no data compared to lenvatinib. Another more recent combination (tremelimumab
and durvalumab) showed superiority compared to sorafenib, adding another first-line
treatment option [16].

Since immunotherapy has emerged to be the standard first-line treatment for patients
with advanced HCC, the use of immunotherapy (neoadjuvant or adjuvant) has prompted
clinical trials in the initial stages of HCC and (in association with local therapies) in the
intermediate stages. The introduction of immunotherapy even in the early or intermediate
stages remains the subject of continuous research.

To date, HCC treatment guidelines do not recommend the use of immunotherapy in
the very early, early, and intermediate stages. Furthermore, although there is a rationale,
there are still only little published data [17].

Considering the very promising role of ICI as a combination therapy with local
treatments in early and intermediate stages, the aim of this review is to summarize the
existing data concerning the combination of potentially curative treatments and TACE with
immunotherapy as adjuvant or neoadjuvant treatment in early or intermediate stage HCC.
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1.1. The Immune System and Immune Checkpoint Inhibitors (ICIs)

The immune system plays a dual role in the development and progression of liver
cancer: it can destroy or inhibit cancer cells by suppressing tumor growth, but it can also
select tumor cell clones and promote their progression [18].

Tumor progression is mediated by liver antigen tolerance (the liver is exposed to many
exogenous antigens), immunosuppression of chronic inflammation, and HCC-dependent
immune tolerance [19]. Liver tolerance appears to be determined by the release of cytokines
such as interleukin 10 (IL-10) and tumor growth factor-beta (TGF-b), by Kupffer cells
(KC), and by liver sinusoidal endothelial cells (LSEC) [19]. Moreover, overexpression of
immune checkpoints (cell death protein 1 (PD-1), and its ligand) on hepatocytes, hepatic
stellate cells, KC, LSEC, and intrahepatic leukocytes [20] and the activation of cytotoxic
T-cell-associated protein 4 (CTLA-4) on the surface of T regulatory cells (Treg) [21] appears
to further contribute to tumor progression.

The reason for targeting these proteins is that CTLA-4 is a negative co-stimulation
regulator that activates T cells after recognition of its tumor antigen presented by an antigen-
presenting cell (APC). T-cell receptor antigen recognition (TCR) results in the expression of
the PD-1 receptor and the production of interferon-gamma (IFN-y) which causes reactive
expression of PD-L1, that finally deactivates the antitumor responses of the T cells [22].

Hence, blocking the PD-1/PD-L1 axis causes T cell proliferation and infiltration into
the tumor, inducing a cytotoxic T cell response leading to objective tumor response [22].
The synergy between the blockade of CTLA-4 and PD-1 appears to be determined by
further suppression of inhibitory Treg cells [23].

Following the increase in knowledge of the immune system, strategies have been
developed to activate the immune response against tumors. The first approach to cancer
treatment was the administration of interleukin-2 (IL-2), capable of stimulating the pro-
liferation of T-lymphocytes. However, the first generation of drugs was burdened with
low response rates and numerous side effects [24]. Inhibitory checkpoints commonly ex-
pressed on activated T lymphocytes are the most effective approach for activating antitumor
immune responses [24].

The efficacy and safety data of monotherapy of ICIs have not shown an increase in
overall survival (OS), although results from various early-stage trials are very promis-
ing [23]. However, other outcome variables such as tolerability were better than standard
Tyrosine Kinase Inhibitor (TKI) therapies, highlighting the potential benefit of ICls in the
treatment of HCC.

1.2. The Rationale for the Association of Immunotherapy and Surgical or Locoregional Treatments

The rationale for combining immune checkpoint inhibitors (ICIs) with surgical or
locoregional treatments among patients with HCC is based on the ability of these thera-
pies to release tumor-associated antigens from apoptotic or necrotic HCC tissue [25]. A
randomized controlled trial comparing sorafenib and placebo as adjuvant therapy after
liver resection or ablation (STORM study) did not demonstrate any positive effects [26].

Locoregional therapy can promote the immune response in patients with HCC. Studies
in animal models have documented the activation of tumor-specific T cells and dendritic
cells (DC) after radiofrequency [27]. Microwave ablation (MWA) can cause an increase in
CD3+, CD4+, and IL-12 cells and a decrease in IL-4 and IL-10 [28]. A study has shown
that the overall function of anti-alpha-fetoprotein (AFP) CD4(+) T cells may improve after
TACE/TAE. This study suggests that general T-cell immunosuppression can be reversed
after locoregional treatments and provides a rationale for combining embolization with
immunotherapy in patients with liver tumors [29]. Carcinoembryonic antigen (Glypican-3
(GPC3)) is a target for the anti-HCC response. Another study attempted to compare the
induction of the GPC3 T-cell-mediated immune response after radiofrequency ablation
(RFA), surgical resection, and TACE in patients with HCC and tumor-bearing mice. After
RFA and TACE, compared to resection, an increase in circulating GPC3-specific cytotoxic T
lymphocytes (CTLs) was observed [30]. Another locoregional approach is radioemboliza-
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tion using intra-arterial Y90. A study by Chew V et al. showed signs of local immune
activation after TARE such as increased expression of granzyme B (GB) and infiltration of
CD8+ T cells, CD56+ NK cells, and CD8+ CD56+ NKT cells [31].

However, some studies have shown that the T lymphocyte response is not sufficient
to prevent relapse after MWA [32]. In a preclinical study conducted in the HCC animal
model, Hepal-6 mice were treated with MWA and immunotherapy. This study showed
that MWA combined with anti-PD-1/anti-CTLA-4 increased the survival time and pro-
tected the mice from tumor recurrence, through the increase of Thl-type cytokines and
intratumoral infiltration of Th1 cell response [33]. According to the authors, IFN-y, IL-18,
IL2, and Thl-type cytokines were upregulated in the combination-treated group and IL-4
and IL-10, Th2-type cytokines were downregulated. Furthermore, the cytokines IL-18
and IL-2 have proliferating and activating effects on peripheral blood mononuclear cells,
differentiation effects of T lymphocytes into Th1 cells, and stimulation of IFN-y production
by Thl cells [33]. One approach using autologous cytokine-induced killer cells for HCC in
230 patients after resection or ablation showed promising results [34], but the lack of subse-
quent validation trials has probably hampered its clinical approval. Another study that
included 150 patients that were resected for HCC and were treated with autologous lym-
phocytes showed an improvement in recurrence-free survival but not overall survival [35].
In a study of 19 evaluable patients treated with tremelimumab and undergoing subtotal
RFA or chemoablation (day 36), five patients (26.3%) achieved a partial response. The six-
and 12-month progression-free survival rates were 57.1% and 33.1%, respectively, with a
median time to tumor progression of 7.4 months [36]. An interesting hypothesis to explain
the efficacy of ICI in patients treated with locoregional therapies is that the release of tumor
antigens following the necrosis of neoplastic cells caused by ablation or chemoembolization
can activate the immune system, therefore, increasing the activity of the ICIs. This, in turn,
boosts the activation of tumor-specific APCs and CTLs, resulting in an immunological
synergy [37]. A study in patients treated with RFA or TACE showed that tumor-associated
antigens (glypican-3, NY-ESO-1, and MAGE-1)-specific CD8" T cell responses suppress the
recurrence of HCC, and that c-TACE-induced tumor-specific response [38].

However, the use of immunotherapeutic approaches in these low disease burden
situations might be the ideal setting compared to high-burden diseases [39]. Recent data
reported a manageable adverse events profile of immunotherapy in HCC patients [40].
This retrospective cohort study of patients with different neoplasms undergoing thermal
ablation, embolization, or selective internal radiotherapy (SIRT) and anti-PD-1/PD-L1
agents (monotherapy with pembrolizumab, nivolumab and atezolizumab, and ipilimumab
plus nivolumab) < 90 days before or <30 days after the interventional procedure, showed
no unmanageable or unexpected toxicity [40]. Moreover, there are some attempts for
combining immunotherapy with surgical and locoregional therapies in a neoadjuvant
approach [41]. The neoadjuvant approach offers the chance to test the sensibility of the
tumor in vivo and may downstage the tumor to permit a better resectability [42] but results
of phase III trials are lacking.

2. Methods

ClinicalTrials.gov was last queried on 31 December 2021, for the terms “hepatocellular
carcinoma”, “early stage”, “intermediate stage” and “immunotherapy”. Studies in patients
undergoing liver resection, radiofrequency ablation (RFA), microwave ablation (MWA),
and TACE were included. Studies enrolling patients with BCLC stage C HCC, extrahepatic
or lymph node metastases, vascular invasion or portal vein thrombosis, prior systemic
therapy including sorafenib, or chemotherapy were excluded. We analyzed one hundred
eleven studies conducted in patients undergoing liver resection, RFA, MWA, stereotaxic
body radiotherapy, radioembolization, TACE, TAE, and DEB-TACE. At the same time, we
excluded the studies enrolling patients with BCLC stage C HCC, extrahepatic or lymph
node metastases, vascular invasion or portal vein thrombosis, prior systemic therapy
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including sorafenib, or chemotherapy. Finally, studies without or unknown results were
excluded. In the end, the present review article revised a total of 34 studies.

2.1. Ongoing Trials Evaluating Immune Checkpoint Inhibition before Curative Treatment Modalities

A multicenter phase Ib safety and expansion trial (PRIME-HCC-NCT03682276) was
designed to evaluate the safety and bioactivity of the nivolumab/ipilimumab combination
before liver resection (LR) in HCC [41]. The objectives of the study were to evaluate
the safety, tolerability of the nivolumab/ipilimumab combination before LR, as well as
objective response (ORR) and pathological response rates. The results of this study will
help to define the role of the neoadjuvant combination nivolumab /ipilimumab in patients
undergoing LR [41].

Many phase 1 or 2 studies investigate the role of ICIs in the neoadjuvant setting:
the single-arm phase 1b study of cabozantinib plus nivolumab (CaboNivo) in patients
with locally advanced HCC followed by LR (NCT03299946), the study nivolumab with or
without relatlimab for patients with potential LR (NCT04658147), the study of nivolumab,
fluorouracil, and interferon-alpha 2b in patients with fibrolamellar cancer that are unre-
sectable (NCT04380545), the effect of nivolumab and pegargiminase (ADI-PEG 20) before
LR (NCT04965714), the study of treatment with nivolumab in patients with advanced HCC
treated by electroporation (NCT03630640), the study of atezolizumab and bevacizumab
before LR (NCT04721132), the study of pembrolizumab in preventing the recurrence of
HCC when administered before LR or ablation (NCT03337841), and others (Table 1) [43].
Table 1 describes ongoing clinical trials of ICIs before curative treatments (LR or Ablation)
for stage 0/ A HCC BCLC.

2.2. Ongoing Trials Evaluating Immune Checkpoint Inhibition after Curative Treatment Modalities

Various studies are ongoing evaluating the effect of adjuvant immunotherapy after
curative treatment modalities. One example is the phase 2 study that investigates the role
of ICIs in the adjuvant setting of pembrolizumab in preventing the recurrence of HCC
when administered after LR or ablation (NCT03337841).

Moreover, phase 3 studies in the adjuvant setting are ongoing, including the placebo-
controlled CheckMate 9DX trial (NCT03383458) investigating the recurrence-free survival
(RFS) of nivolumab compared to placebo in patients who have undergone LR or have
achieved a complete response (CR) after ablation [44] and IMbrave050 (NCT04102098) trial
evaluating the efficacy and safety of adjuvant therapy with atezolizumab plus bevacizumab
in patients with completely resected or ablated HCC [45].

The EMERALD-2 study (NCT03847428) evaluates the efficacy and safety of durvalumab-
bevacizumab or durvalumab as monotherapy or placebo conducted in patients with HCC
at high risk of relapse after curative liver resection or ablation [46]. The KEYNOTE-937
(NCT03867084) evaluates the safety and efficacy of pembrolizumab versus placebo in pa-
tients with a complete radiological response after liver resection or local ablation and the
clinical study JUPITER-04 (NCT03859128) evaluates the role of toripalimab in improving
relapse-free survival (RFS) versus placebo in patients undergoing complete LR [43-47].

Table 2 describes ongoing clinical trials of ICIs after treatment options for stage 0/A
HCC BCLC (LR or Ablation).
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Table 1. Ongoing studies of neoadjuvant therapies investigating the combination of ICIs and curative treatments.

Primary Completion

Identifier Agent Study Type Outcome Measures Recruitment Status Date
Nivolumab and Pegargiminase Before Interventional AEs .
NCT04965714 Resectable HICC Phase 2 Rate of pathologic CR Not yet recruiting 31 March 2022
AEs
Feasibility and Efficacy of Cabozantinib Plus Interventional Number of patients who . o

NCT03299946 Nivolumab (CaboNivo) Followed by Resection Phase 1 complete pre-op treatment Active, not recruiting 9 December 2019

and proceed to surgery
Safety and Bioactivity of Ipilimumab and Interventional Delay to surgery -
NCT03682276 Nivolumab Before Resection HCC Phase 1, 2 AEs Recruiting 1 September 2022
NCT03630640 Neoadjuvant Nivolumab with Electroporation Interventional RES Recruiting November 2023
Phase 2 Recurrence rate
AEs
Feasibility and Efficacy of Cabozantinib Plus Interventional Number of patients who . -

NCT03299946 Nivolumab (CaboNivo) Followed by Resection Phase 1 complete pre-op treatment Active, not recruiting 9 December 2019

and proceed to surgery
. . . . . Number of patients who
NCT04658147 Nivolumab With or Without Relatlimab in Phase 1 complete pre-op treatment Recruiting 1 June 2025
Resectable HCC

and proceed to surgery

NCT04721132 Atezolizumab and Bevacizumab Before Surgery Inte;;ig?:; nal pCARErsate Not yet recruiting 30 December 2022

Nivolumab, Fluorouracil, and Interferon Alpha Interventional ..
NCT04380545 2B for Unresectable Fibrolamellar Cancer Phase 1-2 ABs recruiting 20 July 2023
Pembrolizumab in preventing recurrence before Interventional
NCT03337841 . One-year RFS Unknown 31 October 2019
surgery or ablation Phase 2

HCC: Hepatocellular Carcinoma; ICIs: immune checkpoint inhibitors; AEs: adverse events; CR: complete response; RFS: Recurrence-free survival; OS: overall survival; TTR Time to

recurrence; RFS: recurrence-free survival; pCR: Pathologic complete response.
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Table 2. Ongoing studies of adjuvant therapies investigating the combination of ICIs and curative treatments.

Identifier Agent Study Type Outcome Measures Recruitment Status Primary Completion Date
Assess Efficacy and Safety of Durvalumab Alone or plus Interventional -
NCT03847428 Bevacizumab After Curative Treatment (EMERALD-2) Phase 3 RFS Recruiting 31 May 2023
NCT03859128 Toripalimab or Placebo After Radical Resection (JUPITER 04) I“;";Z:gtzl";‘al RFS Active, not recruiting 18 April 2023
Interventional RES
NCT03383458 Nivolumab After Resection or Ablation oS Active, not recruiting 16 January 2023
Phase 3
TTR
. . . . Interventional RFS -,
NCT03630640 Adjuvant Nivolumab with Electroporation Recruiting November 2023
Phase 2 Recurrence rate
NCT04981665 TACE Sequential Tlslellzgmab as A.d]uvant Therapy After Interventional 2-year RFS Rate Recruiting December 2024
Curative Resection Phase 2
NCT04102098 Atezolizumab plus bevacizumab After resected or ablated HCC Inte;;zg;a;nal RFS Active, not recruiting 28 September 2023
Safety and Efficacy of Pembrolizumab Versus Placebo After Interventional RES
NCT03867084 Surgical Resection or Local Ablation Phase 3 oS Recruiting 30 June 2025
(MK-3475-937 /KEYNOTE-937)
NCT04682210 Sintilimab Plus Bevacizumab After Curative Resection Inte;;sgglgnal RFS Not yet recruiting December 2023

HCC: Hepatocellular Carcinoma; ICIs: immune checkpoint inhibitors; AEs: adverse events; CR: complete response; RFS: Recurrence-free survival; OS: overall survival; TTR Time to
recurrence; RFS: recurrence-free survival; pCR: Pathologic complete response.
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2.3. Ongoing Trials Evaluating Immune Checkpoint Inhibitors in Intermediate Stage

As noted above, although systemic therapy is recommended for intermediate-stage
patients not susceptible to TACE, there are not many studies available up to now. A
preliminary study examined the therapeutic efficacy of atezolizumab plus bevacizumab
treatment in this situation. After enrolling 95 Japanese patients it was concluded that
immunotherapy treatment showed a favorable therapeutic response with an objective
response rate (ORR)/control rate disease (DCR) at six weeks of RECIST and mRECIST of
17.7%/84.7% and 42.5%/86.2%, respectively [17].

Two ongoing Phase 3 studies (NCT04712643 and ABC-HCC, NCT04803994) aim to
test the efficacy and safety of atezolizumab in combination with bevacizumab compared to
TACE in patients with intermediate-stage liver cancer. RENOTACE (NCT04777851) is a
Phase III study designed to evaluate the efficacy and safety of regorafenib and nivolumab
(Rego-Nivo) versus TACE in the intermediate-stage HCC. Table 3 describes current and
ongoing studies of immunotherapy for intermediate stage (BCLC B).

Table 3. Current and ongoing studies of immunotherapy for intermediate stage.

o . Recruitment Primary
Identifier Agent Study Type Endpoints Status Completion Date

Regorafenib plus Nivolumab Interventional

NCT04777851 Versus TACE in epﬁise g a PFS Recruiting 15 December 2024
Beyond Up-to-7 (RENOTACE)
tez Eiﬁ‘;ici’; arlld szity i(;f mab  Interventional Time to failure of

NCT04803994 ate }SlusuT A%Ep\}le isfs :}CA CuE a ﬁ’hzse ; a treatment Recruiting 1 April 2023

(ABC-HCC) strategy

HCC: Hepatocellular Carcinoma; ICIs: immune checkpoint inhibitors; SBRT: Stereotactic body radiation therapy
SBRT; TATE: Trans-arterial Tirapazamine Embolization; TACE: Transarterial Chemoembolization; OS: Overall
Survival; DoR: Duration of response; ORR: Objective response rate; PFS: Progression-free Survival; CRR: Complete
Response Rate; RR: Response Rate; TTTP: Time to TACE Progression; AEs: adverse events.

2.4. Ongoing Trials Evaluating Immune Checkpoint Inhibitors in Combination with
Transarterial Treatments

The ongoing Phase 1b PETAL study (NCT03397654) of pembrolizumab after TACE has
the primary objective of determining safety and tolerability in patients with intermediate-
stage HCC, while the secondary objective is to evaluate progression-free survival rates
in terms of Modified Response Evaluation in the mRECIST Criteria. The IMMUTACE
(NCT03572582) study evaluates the safety and efficacy of the anti-PD-1 antibody nivolumab
in combination with TACE. The study has an actual enrollment of 49 participants.

Phase 2-3 studies are ongoing, including NCT04174781, NCT04268888 (TACE-3), and
NCT04340193 evaluating the OS and Time to TACE Progression (TTTP) of nivolumab
or nivolumab /ipilimumab in combination with TACE/TAE, NCT03638141 evaluating
the ORR for hepatectomy of durvalumab and tremelimumb in combination with TACE,
NCT04340193 (CheckMate 74W) evaluating the safety and tolerability of nivolumab with
and without ipilimumab in combination with TACE.

Ischemic cell damage due to TACE can increase the levels of vascular endothelial
growth factors (VEGF). For this reason, several therapeutic combinations are being tested:
DEB-TACE plus lenvatinib or sorafenib or PD-1 inhibitor (NCT04229355), TACE plus
durvalumab and bevacizumab (EMER-ALD-1 study, NCT03778957), and lenvatinib and
pembrolizumab in combination with TACE, versus TACE plus placebo (NCT04246177).

Preclinical studies have suggested a synergy of antitumor activity between radiother-
apy and ICIs, which is currently under clinical investigation (NCT01935921). A study
conducted by Tai D et al. (NCT03033446), aimed to investigate the safety and efficacy of
SIRT followed by nivolumab. In this study, 40 patients with an advanced stage, not suitable
for curative surgery were enrolled, of which 36 patients (90 %) received Y90 radioemboliza-
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tion followed by nivolumab [48]. One patient (3%) showed a complete response, and ten
patients (28%) had a partial response [48].

The other two Phase 2 studies tested the safety and anticancer efficacy of the combina-
tion of durvalumab and tremelimumab with TACE, Y-90 SIRT, and SBRT.

In the IMMUWIN study (NCT04522544), patients received SIRT + Durvalumab +
Tremelimumab or TACE + Durvalumab + Tremelimumab.

The other study (NCT04988945), conducted at Queen Mary Hospital (Hong Kong),
involves the sequential administration of TACE and SBRT with Durvalumab + Treme-
limumab. Table 4 describes current and ongoing studies of combination treatment and
immunotherapy for intermediate stage.

Table 4. Current and ongoing studies of combination treatment and immunotherapy for intermediate stage.

g . Recruitment Primary
Identifier Agent Study Type Endpoints Status Completion Date
Neoadjuvant
Therapy for Interventional o
NCT04174781 PFS Recruiting 30 November 2020
Hepatocellular Phase 2
Carcinoma
Nivolumab plus .
NCT04268888 TACE/TAE I“g;’:gfgal T?%j Recruiting June 2025
(TACE-3)
Nivolumab and
Ipilimumab plus Interventional TTTP Active, not
NCT04340193 TACE (CheckMate Phase 3 oS recruiting 28 January 2024
74W)
DEB-TACE plus
Lenvatinib or Interventional
NCT04229355 Sorafenib or PD-1 PFS Recruiting 30 December 2022
o Phase 3
Inhibitor for
Unresectable HCC
Lenvatinib and Interventional PES
NCT04246177 pembrolizumab erventiona Recruiting 25 April 2025
Phase 3 (O})
plus TACE
Cabozantinib plus Percentage of
Ipili- Interventional Participants with ..
NCT04472767 mumab,/Nivolumab Phase 2 PFS Recruiting 1 March 2022
and TACE CRR
Efficacy and Safety . ..
NCT04975932 of TACE plus ICIs Observational PFS Recruiting 1 October 2021
Durvalumab
(MEDI4736) and Interventional
NCT04522544 Tremelimumab erventio ORR at 6 months Recruiting 31 March 2024
Phase 2
plus Y-90 SIRT or
TACE
TACE and SBRT
NCT04988945 followed by Interventional Downstaging for Recruiting 1 December 2022
Durvalumab or Phase 2 hepatectomy
Tremelimumab
Durvalumab and
NCT03638141 Tremelimumab Interventional ORR Recruiting November 2023
Following Phase 2
DEB-TACE
NCT03572582 T.ACE plus Interventional ORR ACth?, .not June 2023
Nivolumab Phase 2 recruiting
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Table 4. Cont.
Identifier Agent Study Type Endpoints Recruitment Primary
8 yyp P Status Completion Date
Y90- Interventional Active, not
NCT03033446 Radioembolization RR - December 2021
. Phase 2 recruiting
plus Nivolumab
TACE plus
NCT03778957 Durvalumab and Interventional PFS Recruiting 19 September 2022
Bevacizumab Phase 3
(EMERALD-1)
Pembrolizumab Interventional
NCT03397654 Following TACE AEs Recruiting 31 December 2021
Phase 1b
(PETAL)
TheraSphere +/— ORR
Durvalumab and Interventional Complete response -
NCT05063565 Tremelimumab Phase 2 a;cl 52:;1:1 Not yet recruiting June 2025
(ROWAN) DoR
Efficacy and Safety
of atezolizumab .
NCT04712643 plus bevacizumab Interventional TACE PFS Recruiting 28 February 2025
Phase 3 0os
plus TACE Versus
TACE
HCC: Hepatocellular Carcinoma; ICIs: immune checkpoint inhibitors; SBRT: Stereotactic body radiation therapy
SBRT; TATE: Trans-arterial Tirapazamine Embolization; TACE: Transarterial Chemoembolization; OS: Overall
Survival; DoR: Duration of response; ORR: Objective response rate; PES: Progression-free Survival; CRR: Complete
Response Rate; RR: Response Rate; TTTP: Time to TACE Progression; AEs: adverse events.
3. Conclusions and Future Perspective
In summary, we briefly examined the role of the immune system in the development
of HCC and the application of checkpoint inhibitors in the field of HCC. We analyzed
the completed and ongoing studies testing immunotherapy in the early and intermediate
stages of liver cancer and their potential association with local resection and locoregional
treatments. However, to date, many questions remain unanswered, such as molecular and
immune mechanisms responsible for progression and resistance, the sequences and timing
of ICI administration, and which locoregional treatments benefit most from immunother-
apeutic interventions. Interdisciplinary efforts of hepatologists, oncologists, biologists,
immunologists, and radiologists and carefully conducted trials will make it possible to
define the role of ICI in the treatment of early and intermediate stage HCC.
Author Contributions: Conceptualization, L.M. and A.M.; methodology, G.S. and A.S.; resources,
L.M. and A.M.; writing—original draft preparation, L.M.; writing—review and editing, F.P; supervi-
sion, S.G. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.
References

1. Sung, H.; Ferlay, J.; Siegel, RL.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71,
209-249. [CrossRef] [PubMed]

2. European Association for the Study of the Liver. Electronic address: Easloffice@easloffice.eu; European Association for the Study
of the Liver. EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma. J. Hepatol. 2018, 69, 182-236, Erratum
in J. Hepatol. 2019, 70, 817. [CrossRef]

Bruix, J.; Reig, M.; Sherman, M. Evidence-Based Diagnosis, Staging, and Treatment of Patients with Hepatocellular Carcinoma.

Gastroenterology 2016, 150, 835-853. [CrossRef]


http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.1016/j.jhep.2018.03.019
http://doi.org/10.1053/j.gastro.2015.12.041

Cancers 2022, 14, 3332 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Worns, M.A.; Galle, P.R. Patient prioritisation in HCC treatment: All (good) things come in threes. |. Hepatol. 2018, 68,
1311-1312. [CrossRef]

Takayasu, K.; Arii, S.; Ikai, I.; Omata, M.; Okita, K.; Ichida, T.; Matsuyama, Y.; Nakanuma, Y.; Kojiro, M.; Liver Cancer Study
Group of Japan; et al. Prospective cohort study of transarterial chemoembolization for unresectable hepatocellular carcinoma in
8510 patients. Gastroenterology 2006, 131, 461-469. [CrossRef] [PubMed]

Hsu, K.E; Chu, C.H.; Chan, D.C,; Yu, ].C.; Shih, M.L.; Hsieh, H.F.; Hsieh, T.Y.; Yu, C.Y.; Hsieh, C.B. Superselective transarterial
chemoembolization vs. hepatic resection for resectable early-stage hepatocellular carcinoma in patients with Child-Pugh class a
liver function. Eur. |. Radiol. 2012, 81, 466—471. [CrossRef] [PubMed]

Forner, A.; Reig, M.; Bruix, ]. Hepatocellular carcinoma. Lancet 2018, 391, 1301-1314. [CrossRef]

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. [CrossRef]

Llovet, ].M.; Ricci, S.; Mazzaferro, V.; Hilgard, P.; Gane, E.; Blanc, J.F,; de Oliveira, A.C.; Santoro, A.; Raoul, J.L.; SHARP
Investigators Study Group; et al. Sorafenib in advanced hepatocellular carcinoma. N. Engl. . Med. 2008, 359, 378-390. [CrossRef]
Kudo, M,; Finn, R.S;; Qin, S.; Han, K.H.; Ikeda, K.; Piscaglia, F; Baron, A.; Park, ].W.; Han, G.; Jassem, J.; et al. Lenvatinib versus
sorafenib in first-line treatment of patients with unresectable hepatocellular carcinoma: A randomised phase 3 non-inferiority
trial. Lancet 2018, 391, 1163-1173. [CrossRef]

Bruix, J.; Qin, S.; Merle, P; Granito, A.; Huang, Y.H.; Bodoky, G.; Pracht, M.; Yokosuka, O.; Rosmorduc, O.; RESORCE
Investigators; et al. Regorafenib for patients with hepatocellular carcinoma who progressed on sorafenib treatment (RESORCE):
A randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2017, 389, 56-66, Erratum in Lancet 2017, 389, 36. [CrossRef]
Abou-Alfa, GK.; Meyer, T.; Cheng, A.L.; El-Khoueiry, A.B.; Rimassa, L.; Ryoo, B.Y.; Cicin, I.; Merle, P; Chen, Y.; Park,
J.W,; et al. Cabozantinib in Patients with Advanced and Progressing Hepatocellular Carcinoma. N. Engl. |. Med. 2018, 379,
54-63. [CrossRef] [PubMed]

Zhu, AX;; Kang, YK,; Yen, C.J.; Finn, R.S.; Galle, PR.; Llovet, ] M.; Assenat, E.; Brandi, G.; Pracht, M.; REACH-2 study
investigators; et al. Ramucirumab after sorafenib in patients with advanced hepatocellular carcinoma and increased «-
fetoprotein concentrations (REACH-2): A randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol. 2019, 20,
282-296. [CrossRef]

Prieto, J.; Melero, I.; Sangro, B. Inmunological landscape and immunotherapy of hepatocellular carcinoma. Nat. Rev. Gastroenterol.
Hepatol. 2015, 12, 681-700. [CrossRef] [PubMed]

Finn, R.S.; Qin, S.; Ikeda, M.; Galle, P.R.; Ducreux, M.; Kim, T.Y.; Kudo, M.; Breder, V.; Merle, P.; IMbravel50 Investigators; et al.
Atezolizumab plus Bevacizumab in Unresectable Hepatocellular Carcinoma. N. Engl. |. Med. 2020, 382, 1894-1905. [CrossRef]
Abou-Alfa, G.K.; Chan, S.L.; Kudo, M.; Lau, G.; Kelley, R.K.; Furuse, ].; Sukeepaisarnjaroen, W.; Kang, Y.-K.; Dao, T.V.; De
Toni, EN.; et al. Phase 3 randomized, open-label, multicenter study of tremelimumab (T) and durvalumab (D) as first-line
therapy in patients (pts) with unresectable hepatocellular carcinoma (uUHCC): HIMALAYA. J. Clin. Oncol. 2022, 40 (Suppl. S4),
379. [CrossRef]

Hiraoka, A.; Kumada, T.; Tada, T.; Hirooka, M.; Kariyama, K.; Tani, J.; Atsukawa, M.; Takaguchi, K.; Real-life Practice Experts for
HCC (RELPEC) Study Group; HCC 48 Group (Hepatocellular Carcinoma Experts from 48 Clinics in Japan); et al. Early experience
of atezolizumab plus bevacizumab treatment for unresectable hepatocellular carcinoma BCLC-B stage patients classified as
beyond up to seven criteria—Multicenter analysis. Hepatol. Res. 2022, 52, 308-316. [CrossRef]

Schreiber, R.D.; Old, L.J.; Smyth, M.]. Cancer immunoediting: Integrating immunity’s roles in cancer suppression and promotion.
Science 2011, 331, 1565-1570. [CrossRef]

Makarova-Rusher, O.V.; Medina-Echeverz, J.; Duffy, A.G.; Greten, T.F. The yin and yang of evasion and immune activation in
HCC. J. Hepatol. 2015, 62, 1420-1429. [CrossRef]

Tumeh, P.C.; Harview, C.L.; Yearley, ] H.; Shintaku, I.P,; Taylor, E.J.; Robert, L.; Chmielowski, B.; Spasic, M.; Henry, G.; Ciobanu,
V.; et al. PD-1 blockade induces responses by inhibiting adaptive immune resistance. Nature 2014, 515, 568-571. [CrossRef]
Okusaka, T.; Ikeda, M. Immunotherapy for hepatocellular carcinoma: Current status and future perspectives. ESMO Open 2018,
3, e000455. [CrossRef] [PubMed]

Ribas, A.; Wolchok, ].D. Cancer immunotherapy using checkpoint blockade. Science 2018, 359, 1350-1355. [CrossRef] [PubMed]
Nguyen, PH.D.; Ma, S.; Phua, C.ZJ; Kaya, N.A.; Lai, HL.H.; Lim, CJ.; Lim, J.Q.; Wasser, M.; Lai, L.; Tam, W.L.; et al.
Intratumoural immune heterogeneity as a hallmark of tumour evolution and progression in hepatocellular carcinoma. Nat.
Commun. 2021, 12, 227, Erratum in Nat. Commun. 2021, 12, 1372. [CrossRef]

Rotte, A. Combination of CTLA-4 and PD-1 blockers for treatment of cancer. J. Exp. Clin. Cancer Res. 2019, 38,
255. [CrossRef] [PubMed]

Pinato, D.J. Role of immuno-oncology beyond advanced HCC. In Proceedings of the HCC-TAG Conference 2021, Virtual, Park
City, UT, USA, 26-27 March 2021.

Bruix, J.; Takayama, T.; Mazzaferro, V.; Chau, G.Y.; Yang, J.; Kudo, M.; Cai, J.; Poon, R.T.; Han, K.H.; STORM investigators; et al.
Adjuvant sorafenib for hepatocellular carcinoma after resection or ablation (STORM): A phase 3, randomised, double-blind,
placebo-controlled trial. Lancet Oncol. 2015, 16, 1344-1354. [CrossRef]


http://doi.org/10.1016/j.jhep.2017.11.035
http://doi.org/10.1053/j.gastro.2006.05.021
http://www.ncbi.nlm.nih.gov/pubmed/16890600
http://doi.org/10.1016/j.ejrad.2010.12.058
http://www.ncbi.nlm.nih.gov/pubmed/21376495
http://doi.org/10.1016/S0140-6736(18)30010-2
http://doi.org/10.1055/s-0034-1394143
http://doi.org/10.1056/NEJMoa0708857
http://doi.org/10.1016/S0140-6736(18)30207-1
http://doi.org/10.1016/S0140-6736(16)32453-9
http://doi.org/10.1056/NEJMoa1717002
http://www.ncbi.nlm.nih.gov/pubmed/29972759
http://doi.org/10.1016/S1470-2045(18)30937-9
http://doi.org/10.1038/nrgastro.2015.173
http://www.ncbi.nlm.nih.gov/pubmed/26484443
http://doi.org/10.1056/NEJMoa1915745
http://doi.org/10.1200/JCO.2022.40.4_suppl.379
http://doi.org/10.1111/hepr.13734
http://doi.org/10.1126/science.1203486
http://doi.org/10.1016/j.jhep.2015.02.038
http://doi.org/10.1038/nature13954
http://doi.org/10.1136/esmoopen-2018-000455
http://www.ncbi.nlm.nih.gov/pubmed/30622744
http://doi.org/10.1126/science.aar4060
http://www.ncbi.nlm.nih.gov/pubmed/29567705
http://doi.org/10.1038/s41467-020-20171-7
http://doi.org/10.1186/s13046-019-1259-z
http://www.ncbi.nlm.nih.gov/pubmed/31196207
http://doi.org/10.1016/S1470-2045(15)00198-9

Cancers 2022, 14, 3332 12 of 12

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Greten, T.F; Mauda-Havakuk, M.; Heinrich, B.; Korangy, F.; Wood, B.J. Combined locoregional-immunotherapy for liver cancer.
J. Hepatol. 2019, 70, 999-1007. [CrossRef] [PubMed]

Zhuang, X. Effects of microwave ablation on T-cell subsets and cytokines of patients with hepatocellular carcinoma. Minim.
Invasive Ther. Allied Technol. 2017, 26, 207-211. [CrossRef]

Ayaru, L.; Pereira, S.P,; Alisa, A.; Pathan, A.A.; Williams, R.; Davidson, B.; Burroughs, A.K.; Meyer, T.; Behboudi, S. Unmasking of
alpha-fetoprotein-specific CD4(+) T cell responses in hepatocellular carcinoma patients undergoing embolization. J. Immunol.
2007, 178,1914-1922. [CrossRef]

Nobuoka, D.; Motomura, Y.; Shirakawa, H.; Yoshikawa, T.; Kuronuma, T.; Takahashi, M.; Nakachi, K.; Ishii, H.; Furuse, ].; Gotohda,
N.; et al. Radiofrequency ablation for hepatocellular carcinoma induces glypican-3 peptide-specific cytotoxic T lymphocytes. Int.
J. Oncol. 2012, 40, 63-70. [CrossRef]

Chew, V,; Lee, Y.H.; Pan, L.; Nasir, N.J.M.; Lim, C.J.; Chua, C.; Lai, L.; Hazirah, S.N.; Lim, TK.H.; Goh, B.K.P,; et al. Immune
activation underlies a sustained clinical response to Yttrium-90 radioembolisation in hepatocellular carcinoma. Gut 2019, 68,
335-346. [CrossRef]

Liang, P; Dong, B.; Yu, X,; Yu, D.; Wang, Y.; Feng, L.; Xiao, Q. Prognostic factors for survival in patients with hepatocellular
carcinoma after percutaneous microwave ablation. Radiology 2005, 235, 299-307. [CrossRef] [PubMed]

Duan, X.; Wang, M.; Han, X,; Ren, J.; Huang, G.; Ju, S.; Zhang, Q. Combined use of microwave ablation and cell immunotherapy
induces nonspecific immunity of hepatocellular carcinoma model mice. Cell Cycle. 2020, 19, 3595-3607. [CrossRef] [PubMed]
Lee, ].H.; Lee, J.H,; Lim, Y.S,; Yeon, J.E;; Song, TJ.; Yu, S.J.; Gwak, G.Y,; Kim, KM.; Kim, YJ.; Lee, JW.; et al. Adjuvant
immunotherapy with autologous cytokine-induced killer cells for hepatocellular carcinoma. Gastroenterology 2015, 148, 1383~
1391.e6. [CrossRef] [PubMed]

Takayama, T.; Sekine, T.; Makuuchi, M.; Yamasaki, S.; Kosuge, T.; Yamamoto, J.; Shimada, K.; Sakamoto, M.; Hirohashi, S.; Ohashi,
Y.; et al. Adoptive immunotherapy to lower postsurgical recurrence rates of hepatocellular carcinoma: A randomised trial. Lancet
2000, 356, 802-807, Erratum in: Lancet 2000, 356, 1690. [CrossRef]

Duffy, A.G.; Ulahannan, S.V.; Makorova-Rusher, O.; Rahma, O.; Wedemeyer, H.; Pratt, D.; Davis, ].L.; Hughes, M.S.; Heller, T.;
ElGindi, M; et al. Tremelimumab in combination with ablation in patients with advanced hepatocellular carcinoma. J. Hepatol.
2017, 66, 545-551. [CrossRef]

Xing, R.; Gao, J.; Cui, Q.; Wang, Q. Strategies to Improve the Antitumor Effect of Inmunotherapy for Hepatocellular Carcinoma.
Front. Immunol. 2021, 12, 783236. [CrossRef]

Hiroishi, K.; Eguchi, J.; Baba, T.; Shimazaki, T.; Ishii, S.; Hiraide, A.; Sakaki, M.; Doi, H.; Uozumi, S.; Omori, R.; et al. Strong
CD8(+) T-cell responses against tumor-associated antigens prolong the recurrence-free interval after tumor treatment in patients
with hepatocellular carcinoma. J. Gastroenterol. 2010, 45, 451-458. [CrossRef]

Huang, A.C.; Postow, M.A.; Orlowski, R.J.; Mick, R.; Bengsch, B.; Manne, S.; Xu, W.; Harmon, S.; Giles, ].R.; Wenz, B.; et al. T-cell
invigoration to tumour burden ratio associated with anti-PD-1 response. Nature 2017, 545, 60-65. [CrossRef]

Leppelmann, K.S.; Mooradian, M.].; Ganguli, S.; Uppot, RN.; Yamada, K.; Irani, Z.; Wehrenberg-Klee, E.P.; Zubiri, L.; Reynolds,
K.L.; Arellano, R.S.; et al. Thermal Ablation, Embolization, and Selective Internal Radiation Therapy Combined with Checkpoint
Inhibitor Cancer Immunotherapy: Safety Analysis. . Vasc. Interv. Radiol. 2021, 32, 187-195. [CrossRef]

Pinato, D.J.; Cortellini, A.; Sukumaran, A.; Cole, T.; Pai, M.; Habib, N.; Spalding, D.; Sodergren, M.H.; Martinez, M.; Dhillon,
T.; et al. PRIME-HCC: Phase Ib study of neoadjuvant ipilimumab and nivolumab prior to liver resection for hepatocellular
carcinoma. BMC Cancer 2021, 21, 301. [CrossRef]

Pinato, D.J.; Fessas, P.; Sapisochin, G.; Marron, T.U. Perspectives on the Neoadjuvant Use of Immunotherapy in Hepatocellular
Carcinoma. Hepatology 2021, 74, 483-490. [CrossRef] [PubMed]

Zhang, W.; Zhang, B.; Chen, X.P. Adjuvant treatment strategy after curative resection for hepatocellular carcinoma. Front. Med.
2021, 15, 155-169. [CrossRef] [PubMed]

A Study of Nivolumab in Participants with Hepatocellular Carcinoma Who Are at High Risk of Recurrence after Curative
7hepatic Resection or Ablation (CheckMate 9DX). ClinicalTrials.gov. Posted 26 December 2017. Updated 10 February 2021.
Available online: https://clinicaltrials.gov/ct2 /show/NCT03383458 (accessed on 26 March 2021).

A Study of Atezolizumab plus Bevacizumab Versus Active Surveillance as Adjuvant Therapy in Patients with Hepatocellular Carcinoma
at High Risk of Recurrence after Surgical Resection or Ablation (IMbrave050). ClinicalTrials.gov. Posted 25 September 2019. Updated 5
March 2021. Available online: https://www.clinicaltrials.gov/ct2 /show /NCT04102098 (accessed on 26 March 2021).

Assess Efficacy and Safety of Durvalumab Alone or Combined with Bevacizumab in High Risk of Recurrence HCC Patients
after Curative Treatment (EMERALD-2). ClinicalTrials.gov. Posted 20 February 2019. Updated 22 March 2021. Available online:
https:/ /clinicaltrials.gov /ct2 /show /NCT03847428 (accessed on 26 March 2021).

Safety and Efficacy of Pembrolizumab (MK-3475) Versus Placebo as Adjuvant Therapy in Participants with Hepatocellular
Carcinoma (HCC) and Complete Radiological Response after Surgical Resection or Local Ablation (MK-3475-937 /KEYNOTE-937).
ClinicalTrials.gov. Posted 7 March 2019. Updated 22 March 2021. Available online: https://clinicaltrials.gov/ct2/show /NCT038
67084 (accessed on 26 March 2021).

Tai, D.; Loke, K.; Gogna, A.; Kaya, N.A.; Tan, S.H.; Hennedige, T.; Ng, D.; Irani, F; Lee, J.; Lim, ].Q.; et al. 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. [CrossRef]


http://doi.org/10.1016/j.jhep.2019.01.027
http://www.ncbi.nlm.nih.gov/pubmed/30738077
http://doi.org/10.1080/13645706.2017.1286356
http://doi.org/10.4049/jimmunol.178.3.1914
http://doi.org/10.3892/ijo.2011.1202
http://doi.org/10.1136/gutjnl-2017-315485
http://doi.org/10.1148/radiol.2351031944
http://www.ncbi.nlm.nih.gov/pubmed/15731369
http://doi.org/10.1080/15384101.2020.1853942
http://www.ncbi.nlm.nih.gov/pubmed/33283623
http://doi.org/10.1053/j.gastro.2015.02.055
http://www.ncbi.nlm.nih.gov/pubmed/25747273
http://doi.org/10.1016/S0140-6736(00)02654-4
http://doi.org/10.1016/j.jhep.2016.10.029
http://doi.org/10.3389/fimmu.2021.783236
http://doi.org/10.1007/s00535-009-0155-2
http://doi.org/10.1038/nature22079
http://doi.org/10.1016/j.jvir.2020.09.014
http://doi.org/10.1186/s12885-021-08033-x
http://doi.org/10.1002/hep.31697
http://www.ncbi.nlm.nih.gov/pubmed/33369758
http://doi.org/10.1007/s11684-021-0848-3
http://www.ncbi.nlm.nih.gov/pubmed/33754281
https://clinicaltrials.gov/ct2/show/NCT03383458
https://www.clinicaltrials.gov/ct2/show/NCT04102098
https://clinicaltrials.gov/ct2/show/NCT03847428
https://clinicaltrials.gov/ct2/show/NCT03867084
https://clinicaltrials.gov/ct2/show/NCT03867084
http://doi.org/10.1016/S2468-1253(21)00305-8

	Introduction 
	The Immune System and Immune Checkpoint Inhibitors (ICIs) 
	The Rationale for the Association of Immunotherapy and Surgical or Locoregional Treatments 

	Methods 
	Ongoing Trials Evaluating Immune Checkpoint Inhibition before Curative Treatment Modalities 
	Ongoing Trials Evaluating Immune Checkpoint Inhibition after Curative Treatment Modalities 
	Ongoing Trials Evaluating Immune Checkpoint Inhibitors in Intermediate Stage 
	Ongoing Trials Evaluating Immune Checkpoint Inhibitors in Combination with Transarterial Treatments 

	Conclusions and Future Perspective 
	References

