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Abstract: Hepatocellular carcinoma (HCC) is a disease with a poor prognosis, often diagnosed at an
advanced stage. Therapeutic options have developed considerably in recent years, particularly with
trans-arterial treatments. Systemic treatments have also evolved significantly, with the rise of im-
mune checkpoint inhibitors (ICI) as first-line treatment for advanced HCC. The combination of loco-
regional treatments and ICI is opening up new prospects and is the subject of numerous clinical
trials. Recently, two global phase 3 trials investigating ICI-based adjuvant combinations have
demonstrated improvements in recurrence-free survival or progression-free survival in patients
treated with resection, ablation, or trans-arterial chemoembolization. However, mature data and
overall survival results are still awaited but will be difficult to interpret. We are at the start of a new
era of combinations of loco-regional treatments and immunotherapy. The identification of the best
therapeutic strategies and predictive biomarkers is a crucial issue for future standards in clinical

practice.
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Primary liver cancer is the seventh most frequently occurring cancer in the world and
the second most common cause of cancer mortality. Hepatocellular carcinoma (HCC) rep-
resents approximately 75% of these cancers [1,2].

Staging of HCC is important to determine the optimal therapy. The BCLC (Barcelona
Clinic Liver Cancer) staging system [3] identifies patients with early HCC who may ben-
efit from resection or local ablation (stage 0 and A), patients with intermediate (stage B)
N or advanced stage (stage C) who may benefit from intra-arterial or systemic treatments,
and those with a very poor life expectancy (stage D) [4]. Liver transplantation gives the
possibility of curing both the tumor and the underlying liver disease. The Milan criteria
(one lesion <5 cm or <three lesions <3 cm) are currently the gold standard for selecting
conditions of the Creative Commons _ Patients with HCC for liver transplantation [5]. For early-stage HCC, surgical resection or
Attribution  (CC BY) license  local ablation are recommended. Trans-arterial chemoembolization (TACE) or selective
(https://creativecommons.org/license  iNternal radiation therapy (SIRT) (=trans arterial radioembolization TARE) are alternative
s/by/4.0)). options. For intermediate-stage HCC, loco-regional therapies such as TACE or SIRT can
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be discussed. Stereotactic body radiotherapy (SBRT) is also an alternative option, in par-
ticular in the case of a high risk of local failure after thermal ablation due to location [6].
The eligibility criteria for these treatments vary by location, in particular between Europe
and North America, Japan, Korea, and China [7].

Systemic therapies are recommended for patients with advanced HCC (BCLC-C) or
BCLC-B tumors after trans arterial therapies have failed or are contraindicated. In recent
years, interest in immune checkpoint inhibitors (ICI) has grown rapidly, and they have
become the standard treatment for advanced HCC. Combinations of atezolizumab plus
bevacizumab, camrelizumab plus rivoceranib, or tremelimumab plus durvalumab are
now recommended as first-line treatment [8-10].

Combination treatments could reduce the risk of local or distant recurrences. Several
trials have investigated the combination of locoregional treatments and tyrosine kinase
inhibitors (TKI), with negative results (Table 1). The combination of locoregional treat-
ments and ICI opens up new perspectives and is the subject of clinical trials, in order to
take advantage of their potential synergistic effects. The aim of this review is to explain
the different types of local treatments and to analyze the results of studies that have com-
bined local treatments with immunotherapy.

Table 1. Randomized controlled trials assessing intra-arterial therapies and tyrosine kinase inhibi-
tors in HCC, Reprinted from Ref. [11].

Primary End

Randomized Controlled Trial Region .
Point

Experimental Arms

Outcomes

Chemoembolization

cTACE (responders) plus sorafenib

Kudo et al., 2011 (POST-TACE th
udo etal, 2011 (POS CE Japan, Sou (n=229) vs. cTACE plus placebo (n=TTP

5.4 months vs. 3.7 months; HR
0.87 (95% CI 0.70-1.09);

trial) Korea 229) p=0252
cTACE or DEB-TACE plus brivanib 26.4 months vs. 26.1 months; HR
Kudo et al., 2014 (BRISK-TA
udo et al, 2014 ( Global (n =249) vs. cTACE plus placebo (n =0S 0.90 (95% CI 0.66-1.23);
trial)
253) p=0.53
L. . _ 5.6 months vs. 5.5 months; HR
Lencioni et al., 2016 (SPACE Global DEB-TACE plus sorafenib (n = 154) TP 0.797 (95% CI 0.588-1.080);

trial) vs. DEB-TACE plus placebo (n=153)

p=0.072

DEB-TACE plus sorafenib (n =157)

M t al., 2017 (TACE 2 trial) UK
eyer etal, 2017 (TACE 2 trial)U vs. DEB-TACE plus placebo (n = 156)

PFS

7.8 months vs. 7.7 months; HR
1.03 (95% CI 0.75-1.42);
p=085

Japan, South

Kudo et al., 2018 (ORIENTAL cTACE plus orantinib (n = 445) vs.

31.1 months vs. 32.3 months; HR

) Korea, B 0S 1.090 (95% CI 0.878-1.352);
trial) Taiwan cTACE plus placebo (n = 444) p=0435
25.2 months vs. 13. ths; HR
Kudo et al,, 2019 (TACTICS CTACE plus sorafenib (n = 80) vs. 5.2 months vs. 13.5 months;
trial) Japan CTACE (a=76) mPFS 0.59 (95% CI 0.41-0.87);
p=0.006
12.8 months vs. 10.8 months; HR
TACE pl fenib (n = 170) vs. '
Park et al, 2019 (STAH trial)  South Korea ©\‘*CT Plus sorafenib (n=170)vs. ¢ 0.91 (CI 0.69-1.21);
sorafenib (n =169)
p=0.290
Transarterial radioembolization
Ricke et al., 2019 (SORAMIC  Europe, TARE plus sorafenib (n = 216) vs. 12.1 months vs. 11.4 months; HR
: . oS 1.01 (95% CI 0.81-1.25);
trial) Turkey sorafenib (n = 208)

p=095

Abbreviations: CI: confidence interval; cTACE: conventional transarterial chemoembolization; DEB-
TACE: drug-eluting bead transarterial chemoembolization; HR; hazard ratio; OS: overall survival;
PFS: progression-free survival; TARE; transarterial radio embolization; TTP: time to progression.

2. Local and Locoregional Therapies

Approximately 30% of patients are initially treated by resection or local ablation, but
the disease recurrence rate after resection or local ablation is significant and ranges from
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50% to 70% at 5 years [7]. Thermal ablation by radio-frequency ablation (RFA) or micro-
wave ablation (MWA) is recommended in very early-stage disease (BCLC 0) and early-
stage disease (BCLC A). In very early-stage disease, with tumors <2 cm diameter, RFA has
demonstrated similar outcomes to liver resection, with lower morbidity compared to sur-
gery. In patients with early-stage HCC (up to three lesions < 3 cm), ablation or resection
should be discussed in multidisciplinary meetings, with location and size of tumors, por-
tal hypertension, and comorbidities making the decision [6].

The almost exclusive arterial vascularization of HCC has led to the emergence of
trans-arterial treatments, involving intra-arterial infusion of chemotherapy alone, mixed
with a lipiodol contrast agent that is selectively retained by the HCC nodules, emboliza-
tion material, or microspheres loaded with radionuclides. Trans-arterial treatments are
proposed for patients in the intermediate stage (BCLC B). For patients at BCLC 0 or BCLC
A stages, if ablation or resection is not possible, TACE or SIRT may be considered [3].
TACE has been studied in randomized trials in comparison with the best supportive care,
and only two studies found a survival advantage for the TACE group in selected patients
with preserved liver function and early intermediate BCLC A or BCLC B stage [12,13].
TACE can be performed conventionally using lipiodol, which is standard practice, or us-
ing doxorubicin-eluting beads (DEB)—TACE. SIRT is based on the injection of micro-
spheres loaded with a radionuclide, most frequently Y, into the hepatic arterial circula-
tion and has no ischemic effect. 1Ho is a high-energy (3-emitting isotope with a shorter
half-life than Y (27 h versus 64 h). The safety of ®Ho SIRT was confirmed in HCC in the
HEPAR Primary Study, with less than 10% unacceptable toxicity [14]. The LEGACY study
is a retrospective study that included 162 patients treated with *Y-loaded resin micro-
spheres. It showed clinically meaningful response rates, with an overall response rate
(ORR) of 88.3% and prolonged duration of response rates (RR) > 6 months in the treatment
with SIRT of unresectable solitary HCC < 8 cm [15]. SARAH and SIRveNIB trials investi-
gating using Y-90 resin microspheres [16,17] did not show an improvement in overall sur-
vival (OS) compared to sorafenib. However, personalized dosimetry, now part of the
standard procedure, was not used at the time of these trials. A secondary analysis of data
from the SARAH trial showed that higher tumor radiation-absorbed dose computed at
technetium 99m macroaggregated human albumin SPECT/CT was associated with better
OS and disease control in HCC treated with SIRT than sorafenib [18]. In phase 3 studies,
SIRT was associated with higher ORR, delayed tumor progression in the liver, and fewer
adverse events than sorafenib [19-21]. DOSISPHERE-01 is a randomized phase 2 study,
which included 60 patients with at least one measurable lesion of 7 cm or more in size.
Patients were randomized to receive yttrium-90-loaded glass microspheres according to
standard or personalized dosimetry. The long-term median OS was 24.8 months in the
personalized dosimetry group versus 10.7 months in the standard dosimetry group
[22,23]. In BCLC, the place of SIRT is based on the results of LEGACY, which is a non-
randomized study that only included single HCC of less than 8 cm, whereas the data from
DOSISPHERE-01 also showed promising results in patients with a larger tumor burden,
at least one measurable lesion of 7 cm or more in size. At last, a meta-analysis of studies
comparing TACE and SIRT was performed, with data suggesting that SIRT provides a
significantly longer time to progression than TACE, although the two treatments do not
significantly differ in terms of OS [24]. Similarly, a phase 2 prospective study showed a
superior tumor control and survival with SIRT, compared with TACE, in selected partici-
pants with early and intermediate HCC [25]. Another study evaluated an adjuvant selec-
tive infusion of %Ho-microspheres after RFA for the treatment of HCC and showed that
it can be administered safely at a dose of 90 Gy to the treatment volume while reaching a
dose of 2120 Gy to the target volume. It may be a favorable adjuvant therapy for HCC
lesions 2-5 cm [26].

Early data on radiotherapy for HCC were disappointing, mainly because of the tox-
icity, but stereotactic body radiation therapy (SBRT) optimizes tumor targeting and spares
non-tumor tissue. SBRT provides a 2-year local control of 90% to 95% and is an effective
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noninvasive treatment option for patients with limited disease [27]. In a recent meta-anal-
ysis of 14 studies and 2974 patients comparing RFA or SBRT, SBRT was associated with
higher rate of complete response and better local tumor control, particularly for tumors
larger than 2 cm and for locations difficult for thermal ablation (sub-diaphragmatic, close
to vessels) [28]. In a recently published randomized phase 2 study (TRENDY trial), which
included 30 patients with HCC with one to three lesions (maximum total diameter <6 cm),
the median time to progression was 19 months in the SBRT arm versus 12 months in the
DEB-TACE arm, and the median time to local control was up to 40 versus 12 months [29].
Three related toxicity grades >3 were observed after DEB-TACE, but none after SBRT.

3. Immune Checkpoint Inhibitors

Treatment of advanced HCC is based on systemic therapies. Initially, sorafenib was
the only validated first-line treatment for HCC, based on the SHARP and the Asia-Pacific
studies. The SHARP study, which included 602 patients, showed a median OS of 10.7
months in the sorafenib group and 7.9 months in the placebo group [30]. The Asia-Pacific
study, which included 271 patients, showed a median OS of 6.5 months in the sorafenib
arm, compared with 4.2 months in the placebo arm [31]. Lenvatinib, a multi-TKI that tar-
gets VEGFR (Vascular Endothelial Growth Factor Receptors) 1-3, FGFR (Fibroblast
Growth Factor Receptors) 1-4, PDGF (Platelet-derived Growth Factor) receptor o, RET
(Rearranged During Transfection), and KIT (receptor tyrosine kinase), was also an option
in first line in some countries, based on the REFLECT study, which included 954 patients,
and showed a median survival time for lenvatinib of 13.6 months vs. 12.3 months for so-
rafenib, meeting criteria for non-inferiority [32]. Several trials have evaluated immuno-
therapy as a single agent, with negative results. For example, the CheckMate 459 trial
showed a better safety profile for nivolumab as a single agent compared with sorafenib,
but no significant OS [33]. Combination trials have therefore been developed (combination
with anti-VEGR or dual ICIs). Since the Imbrave150 trial [34], immunotherapy has become
a first-line treatment for HCC. Imbrave150 was a phase 3 trial comparing the combination
of atezolizumab (anti-programmed cell death ligand-1—anti-PDL1) and bevacizumab
(anti VEGF) with sorafenib, which included 668 patients. OS at 12 months was 67.2% (95%
CI, 61.3 to 73.1) with atezolizumab and bevacizumab and 54.6% (95% CI, 45.2 to 64.0) with
sorafenib. Another phase 3 study, CARES-310, was performed comparing camrelizumab
(anti-programmed cell death-1—anti-PD1) plus rivoceranib (anti-VEGFR2) versus soraf-
enib and showed a statistically significant and clinically meaningful benefit in progres-
sion-free survival (PFS) and OS [9]. The HIMALAYA trial [10] included 1171 patients and
compared the association of tremelimumab (anti-cytotoxic T lymphocyte-associated anti-
gen 4—anti-CTLA4) and durvalumab (anti-PDL1) (STRIDE) to sorafenib. The median OS
was 16.43 months (95% CI, 14.16 to 19.58) with STRIDE, 16.56 months (95% CI, 14.06 to
19.12) with durvalumab, and 13.77 months (95% CI, 12.25 to 16.13) with sorafenib. The
four-year results OS rate remained higher for STRIDE at 25.2%, versus 15.1% for sorafenib
[10]. Two phase 3 studies have combined immunotherapy with TKI, with negative results.
The COSMIC-312 trial compared cabozantinib plus atezolizumab versus sorafenib: me-
dian PFS was superior in the combination treatment group but median OS was not supe-
rior [35]. The LEAP-002 study compared pembrolizumab plus lenvatinib to lenvatinib
plus placebo, and the combination did not significantly improved OS and PES [36]. In
second line, KEYNOTE 240 showed a median OS of 14.6 months for pembrolizumab ver-
sus 13.0 months for placebo and is approved by the FDA [37].

There is no validated predictive biomarker reported so far. The liver immune micro-
environment displays a population of immunosuppressive cells, notably liver resident
macrophages, known as Kupffer cells, regulatory T cells, monocyte-derived macrophages,
and myeloid-derived suppressor cells, conferring to the liver tolerogenic properties. Ge-
nomic profiling of more than 700 tumors has enabled the identification of HCC (25% of
cases) expressing markers of an inflammatory response (immune class), with two sub-
classes characterized by adaptive or exhausted immune responses [38]. A more recently
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published analysis integrating RNA and whole-exome sequencing, TCR sequencing, mul-
tiplex immunofluorescence, and immunohistochemistry could categorize inflamed
(around 35% of cases) and non-inflamed tumors. The inflamed category can be divided
into three components: the previously described immune active and exhausted subclasses
and an immune-like subclass [39]. These classifications are promising predictive bi-
omarkers, but validation in prospective studies is needed.

Combining locoregional treatments with ICI is also under investigation, aiming at
improving clinical outcomes, notably reducing the risk of HCC recurrence, and improving
response rate and survivals.

4. Combining Locoregional Treatments with Immune Checkpoint Inhibitors
4.1. Radiofrequency Ablation and Immunotherapy

Main published controlled trials assessing intra-arterial therapies and immunother-
apy in HCC are presented in Table 2. Several studies have shown that ablative therapy can
help stimulate antigen-specific CD4+ and CD8+ T cells in HCC patients and to active nat-
ural killer (NK) cell responses [11]. Thermal ablation induces various biological effects
independent of tumor antigen release, including induction of proinflammatory cytokines
(interleukin (IL)-13, IL-6, IL-8, and Tumor Necrosis Factor) [40] and increased levels of
HSP70 (heat shock proteins), a stress-induced protein. Adjuvant immunotherapy stimu-
lates anti-tumor immunity against micrometastases after removal of the primary tumor,
while neoadjuvant immunotherapy uses the primary tumor as a source of antigens to
stimulate these responses. When the primary tumor is present (neoadjuvant setting), im-
munotherapy can promote the de novo induction of T cell-mediated immunity, the ex-
pansion of pre-existing anti-tumor T cells, and the development of a more diverse reper-
toire of tumor-specific T cells, more effectively than after tumor removal (adjuvant setting)
[7]. There are a few clinical trials combining radiofrequency ablation (RFA) and adjuvant
immunotherapy. A Chinese study has been conducted combining RFA and cellular im-
munotherapy in patients. The results showed a higher PFS in the RFA and cellular immu-
notherapy group than in the RFA alone group [41]. Another Chinese randomized trial
evaluated the efficacy of the combination of radioimmunoconjugate (**II) metuximab and
RFA compared with RFA alone. The results showed a median time to overall tumor recur-
rence of 17 months in the combined group and 10 months in the RFA group [42]. A phase
3 Korean randomized controlled trial showed that patients who underwent curative treat-
ment for HCC increased recurrence-free and OS with adjuvant immunotherapy with ac-
tivated CIK cells (CD3 +/CD56 + and CD3 +/CD56 —T cells and CD3-/CD56 + natural killer
cells) [43]. The team then conducted a 5-year follow-up, which confirmed a significant
improvement in recurrence-free survival and OS in patients receiving adjuvant immuno-
therapy [44]. A retrospective study published in 2021 aimed to evaluate whether com-
bined therapy with PD-1 blockade and RFA is superior to RFA monotherapy for recurrent
HCC. The 1-year recurrence-free survival rate was significantly higher in the anti-PD-1
plus RFA group than in RFA alone (32.5% and 10.0%, respectively), after propensity score
matching [45]. The IMMULAB study, a phase 2 trial, investigated peri-interventional
treatment with pembrolizumab combined with RFA or combined with TACE and RFA in
early-stage HCC with maintained liver function (Child Pugh A). The study included 30
patients. The overall response rate was 13.3%, with 6.7% complete responses and 6.7%
partial responses after two cycles of pembrolizumab and before local ablation. This study
did not meet its primary endpoint because the hypothesized ORR of 30% before local ther-
apy was not reached [46].

IMBRAVE-050 is the first positive phase 3 study combining local treatments with ad-
juvant immunotherapy and investigating the efficacy of adjuvant atezolizumab plus
bevacizumab during 17 cycles (12 months) versus active surveillance in patients with
high-risk surgically resected or ablated HCC. Six hundred and sixty-eight patients were
randomly assigned. At the pre-specified interim analysis, median duration of follow-up
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was 17.4 months. Adjuvant atezolizumab plus bevacizumab was associated with signifi-
cantly improved recurrence-free survival compared with active surveillance (medians not
evaluable; hazard ratio 0.72, p = 0.012). The median duration of treatment was 11 months
for both atezolizumab and bevacizumab. Grade 3 or 4 adverse events occurred in 41% of
patients who received atezolizumab plus bevacizumab and 13% of patients in the active
surveillance group [8]. However, the PFS survival curves of the two groups converge after
approximately 21 months of follow-up, which raises the question of the long-term effec-
tiveness of this strategy, in particular after interruption of the adjuvant treatment. The
main question is whether the treatment prevents or only delays recurrences. OS date (key-
secondary endpoint) and longer follow-up are awaited. However, given the multiple mo-
dalities and lines of treatments available after recurrence, the analysis of OS data and po-
tential benefits will be challenging.

Table 2. Randomized controlled trials assessing loco-regional therapies and immunotherapy in
HCC.

Randomized Controlled Trial Experimental Arms Primary End Point Outcomes
Radiofrequency ablation and immunotherapy
RFA followed by radioimmuno- Overall Tumor Re- 17 months vs. 10 months; HR =
Bian et al. [42] conjugate (131I) metuximab (n = cUrrence 0.60, 95% CI=0.38 t0 0.96, p =
62) vs. RFA alone (n = 65) 0.03

Qin et al. (IMBRAVE-050) [8]

Adjuvant atezolizumab + bevaci-
zumab (n = 334) vs. active sur-
veillance in surgically resected or
ablated HCC (n =334)

medians, not evaluable; hazard
RFS ratio, 0-72 adjusted 95% CI
0-53-0-98]; p = 0-012

SIRT and immunotherapy
3 infusions of atezolizumab +
Mejait et al. [47] bevacizumab before and after mOS Not reached vs. 14 months
SIRT (n = 8) vs. SIRT alone n = 27)
TACE and immunotherapy
Durvalumab + bevacizumab + Median PFS 10.0 vs. 8.2 months;
EMERALD-1 [48] TACE vs. durvalumab + TACE mPFS hazard ratio, 0.94; 95% CI, 0.75-
vs. TACE 1.19; p =0.638

Abbreviations: CI: confidence interval; TACE: transarterial chemoembolization; HR; hazard ratio;
OS: overall survival; PFS: progression-free survival; RFA: radiofrequency ablation; RFS: recurrence-
free survival; TARE; transarterial radio embolization; TTP: time to progression.

4.2, SIRT and Immunotherapy

A study investigated the immune landscapes of tumor-infiltrating leucocytes (TILs),
tumor tissues, and peripheral blood mononuclear cells (PBMCs) at different time points
before and after SIRT for HCC. Tumors treated by SIRT had an infiltration by multiple
activated immune subsets and were less immunosuppressive, compared with the TREG
cells-enriched control tumors. SIRT can enhance activation and recruitment of T cells, NK
cells, and NKT cells, with chemotaxis of CD8+ T cells to the tumor microenvironment (18).

4.2.1. SIRT and Adjuvant Immunotherapy

A small single-center retrospective study included patients with preserved liver func-
tion (Child-Pugh score A-B7) and advanced HCC (macrovascular invasion or limited ex-
trahepatic disease of aggressive intermediate stage) who received checkpoint inhibitor im-
munotherapy after SIRT. It appeared to be safe with limited treatment-related toxicity [49].
Another phase 1 prospective study showed that SIRT and Nivolumab in advanced HCC
was tolerable, and that combination therapy resulted in a clinical benefit rate of 82%, with
nine patients achieving stable disease [50]. A phase 2 trial evaluated the ORR in patients
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with Child-Pugh A cirrhosis and advanced HCC treated with nivolumab and Y90 SIRT.
The study showed an ORR of 30% [51]. Another trial compared the efficacy of combined
therapy and immunotherapy alone. The median OS was significantly higher in the com-
bination group (19.8 vs. 9.5 months) [52].

4.2.2. SIRT and Neodjuvant Immunotherapy

Recently, a study assessed the impact of the addition of three infusions of atezoli-
zumab plus bevacizumab before and after SIRT on patients' outcomes. Thirty-five HCC
patients treated with SIRT were included, of whom 23% also received atezolizumab plus
bevacizumab infusions. The median OS was not reached for patients who received ate-
zolizumab plus bevacizumab in combination with SIRT and 14 months for patients only
treated by SIRT. The median progression-free survival was higher in the group treated
with SIRT and atezolizumab plus bevacizumab vs. SIRT alone (11.3 months vs. 5.8
months) [47]. The results of this study are promising, especially as neoadjuvant treatment
could have an interesting immune effect (18). Studies with larger numbers would be in-
teresting to conclude.

4.3. TACE and Immunotherapy

TACE is recommended for BCLC-B tumors. In most recent randomized trials, median
OS with TACE alone ranges 26-30 months, with median PFS about 7-8 months, mRECIST
objective response rate around 50%, and RECIST response rate around 30%. Combination
with systemic therapies would aim at increasing these outcomes. TACE increases the re-
lease of antigens and proinflammatory cytokines and the secretion of VEGF and HIF-1a
(hypoxia-inducible factor). Targeting the vascularization, in particular by blocking
VEGEFR 1-3, can induce immunomodulation, decreasing myeloid-derived suppressor
cells, increasing dendritic cells and T cells, and increasing PD1 expression on T cells. These
data pave the way to clinical trials investigations of combinations of TACE with systemic
treatments. Trials investigating TACE combined with TKI have all been negative so far
(Table 1) [11]. Trials studying the combination of TACE with immunotherapy have been
initiated. A pilot study looked at the safety, feasibility, and efficacy of tremelimumab (anti-
CTLA4) combined with TACE for patients with HCC BLCB C. The study also included
BLCL C group treated with ablation (RFA or cryoablation) instead of TACE. The median
time to tumor progression was 7.4 months. Median OS was 12.3 months during a follow-
up of 18.8 months [53]. Another study published in 2021 evaluated the efficacy and safety
of RFA and TACE, combined with postoperative cytokine induced killer (CIK) cell immu-
notherapy for patients with HCC. The results showed an overall survival of 42.1 + 5.6
months in the RFA + TACE + CIK group and 37.8 + 4.8 months in RFA + TACE group. The
5-year OS rate was 29.3% in the RFA + TACE + CIK group and 13.8% in the RFA + TACE
group. In conclusion, in this study, RFA and TACE combined with postoperative autolo-
gous CIK cell reinfusion have significant efficacy in the treatment of primary HCC, which
can improve the postoperative quality of life and raise the survival rate of patients, with
tolerable adverse reactions [54].

EMERALD-1 is the first positive phase 3 trial combining TACE with systemic treat-
ment, and the first results were presented at the ASCO GI meeting in January 2024. EM-
ERALD-1 is a double-blind phase 3 study, which compared treatment with durvalumab
+ bevacizumab + TACE, durvalumab + TACE, or TACE in patients with HCC treatable
with TACE and with preserved liver function (Child A to B7). Progression-free survival
(PFS) was significantly improved for durvalumab + bevacizumab + TACE vs. TACE, with
a median PFS of 15.0 vs. 8.2 months (hazard ratio 0.77; 95% confidence interval 0.61-0.98;
p =0.032). The secondary endpoint of PFS for durvalumab + TACE vs. TACE was not sta-
tistically significant (median PFS 10.0 vs. 8.2 months; hazard ratio, 0.94; 95% CI, 0.75-1.19;
p = 0.638). OS was not significant in the interim analysis; EMERALD-1 is ongoing for the
final analysis of overall survival. Safety was manageable and consistent with the safety
profiles of durvalumab, bevacizumab and TACE. Grade 3/4 treatment-related adverse
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events in durvalumab + bevacizumab + TACE, durvalumab + TACE, and TACE were
32.5%, 15.1%, and 13.5%, respectively. A total of 8.4%, 4.3%, and 3.5% discontinued treat-
ment due to a treatment-related adverse event [48]. The hazard ratio for PFS is 0.77, which
may not be sufficient to predict an impact on overall survival. In a meta-analysis from 27
randomized trials testing kinase inhibitors or monoclonal antibodies, an HR of PFS < 0.6
was correlated with significant overall survival. However, most of the studies investigated
TKI, and this cut-off is not validated for combinations therapies with immunotherapy.
This trial also highlights the role of bevacizumab in the treatment of HCC. The was no
arm combining TACE with bevacizumab alone; the benefits of durvalumab in the combi-
nation arm can thus be questioned [55,56]. Targeting the VEGF pathway in combination
with immunotherapy led to the two positives trials IMBRAVE 050 (atezolizumab with
bevacizumab) and CARES-310 (camrelizumab plus rivoceranib, a selective VEGFR?2 in-
hibitor), whereas other combination of immunotherapy with TKI were negative (LEAP-
02, COSMIC-312). The selective targeting of the VEGF pathway could therefore have a
specific synergistic effect with immunotherapy and drive the benefits of the durvalumab-
bevacizumab arm. As in the IMBRAVE-050 trial, OS results and longer follow-up are
awaited, but data will also be difficult to interpret.

4.4. SBRT and Immunotherapy

There is a strong rationale for combining immunotherapy with SBRT [57]. Preclinical
data have shown that the combination of SBRT and ICI was synergistic. Radiotherapy
triggers immune activity and can switch a “cold” tumor to a hot tumor with enhanced
inflammation and TILs. ICI could overcome the radiation-induced exhaustion in CD8 T
cells and restore their anti-tumor immune responses [58]. ICIs could also enhance the ra-
diation therapy-induced abscopal effect, a systemic immune response mediated by the
effects of radiation on the immune system [59].

Retrospective reviews, case reports/series, and prospective data have looked at the
association between SBRT and ICI in HCC specifically [60,61]. A prospective study ana-
lyzed safety of radiotherapy in patients with HCC followed by pembrolizumab and
showed an acceptable toxicity [62].

A multicenter phase 1 randomized trial published in 2023 evaluated the safety and
efficacy of SBRT (40 Gy 5 fractions) and ICI in advanced or unresectable HCC [63]. SBRT
was delivered in 13 patients followed by nivolumab alone or nivolumab plus ipilimumab.
Dose-limiting toxicities occurred in two patients (15.2%) and grade 3 hepatotoxicity oc-
curred in four patients (30.8%) in the entire cohort. With a median follow-up of 42.7
months, clinical outcomes favored the combination ICIs with a 3-year OS of 57% (90% CL,
23%-81%).

SBRT and ICI combination therapy for HCC appears to be safe and effective. How-
ever, optimal timing of ICI to SBRT (before, concurrent, or after), optimal RT dose/frac-
tionation scheme, and patients’ selection have to be specified. There is a strong investiga-
tional interest for combination SBRT and ICI in HCC, and several prospective clinical trials
registered at www.ClinicalTrials.gov are ongoing.

4.5. Future Studies

Currently, multiple different combination therapies are being studied. With the
emergence of multiple tyrosine kinase inhibitors along with immunotherapy, the future
perspective is focusing on finding combination therapies (Table 3). For example, LEAP-
012 is a phase 3 evaluating the efficacy and safety of lenvatinib and pembrolizumab in
combination with TACE versus TACE plus placebo in participants with incurable, non-
metastatic HCC. EMERALD-2, the results of a phase 3, randomized, double-blind, pla-
cebo-controlled study of durvalumab monotherapy or in combination with bevacizumab
as adjuvant therapy in patients with HCC after curative hepatic resection or ablation are
expected (NCT03847428). EMERALD-3 is an ongoing randomized phase 3, open-label
study assessing the efficacy and safety of durvalumab and tremelimumab, with or without
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lenvatinib, given concurrently with TACE vs. TACE alone in patients with intermediate-
stage HCC not amenable to curative therapy (NCT05301842). AB-LATE 02 is an ongoing
study, investigating neoadjuvant atezolizumab and adjuvant atezolizumab + bevaci-
zumab in combination with percutaneous RFA (NCT04727307). Another phase 2 study,
ROWAN, is assessing the safety and efficacy of SIRT administered before initiation of dur-
valumab with tremelimumab in HCC patients who are not candidates for resection, ther-
mal ablation, or liver transplant (NCT05063565). Finally, a trial is evaluating the added
value of 1%Holmium SIRT to atezolizumab plus bevacizumab in patients with non-resec-
table HCC (NCT05705791). The results of these trials will be available in the next few
years.

Table 3. Main ongoing phase 3 trials combining local or trans-arterial therapies for hepatocellular
carcinoma.

Acronyme Arms Primary End Point Clinical Trial Registration
Combination with locoregional therapies
TACE-3 Nivolumab plus DEB-TACE vs. DEB-TACE 0s NCT04268888
LEAP-012 Lenvatinib plus pembrolizumab plus cTACE vs. PFS-OS NCTO4246177
cTACE
Nivolumab plus ipilimumab plus cTACE vs.
CheckMate 74W  nivolumab plus placebo plus cTACE ¢TACE plus TTTP-OS NCT04340193
placebo
EMERALD-3 TACE with dgrvalumab ar.ld‘tremelimumab, with or PES NCT05301842
without lenvatinib vs. TACE
Adjuvant treatment (after resection or ablation)
EMERALD-2 Durvalumab +/- bevacizumab vs. placebo RFS NCT03847428
JUPITER 04 Torpalimab vs. placebo RFS NCT03859128
KEYNOTE-937 Pembrolizumab vs. placebo RFS-OS NCT03867084
CheckMate 9DX Nivolumab vs. placebo RFS NCT03383458

Abbreviations: cTACE: conventional transarterial chemoembolization; DEB-TACE: drug-eluting
bead transarterial chemoembolization; OS: overall survival; PES: progression-free survival; RFS: re-
currence-free survival; TTTP: time to TACE progression.

5. Conclusions

HCC is a disease with a poor prognosis, as it is often diagnosed at an advanced stage.
Therapeutic options have developed a lot in recent years, especially with trans-arterial
treatments. Similarly, systemic treatments have evolved significantly, with the rise of im-
munotherapy in the first line of advanced HCC. The possibility of combining local treat-
ments and immunotherapy is the subject of many studies. At present, the results of two
global positive phase 3 studies (IMBRAVE-050 and EMERALD-1) have been presented
with improvements of recurrence-free survival or PFS. Longer follow-up and OS data are
awaited. However, OS data will be challenging to interpret, considering the multiple mo-
dalities and lines of treatment available after progression. If there is no improvement in
OS, the integration in guidelines and reimbursement policies could vary among conti-
nents and countries. The identification and the best neo(adjuvant) strategies with predic-
ative biomarkers remains the main challenge for future clinical practice.
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