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Hepatocellular carcinoma (HCC) is a highly aggressive disease that is usually diagnosed
at an advanced stage. Advanced HCC has limited treatment options and often has a poor
prognosis. For the past decade, tyrosine kinase inhibitors have been the only treatments
approved for advanced HCC that have shown overall survival (OS) benefits; however, but their
clinical efficacy has been limited. Recent trials have demonstrated promising advancements
in survival outcomes through immunotherapy-based treatments, such as combinations of
immune checkpoint inhibitors (ICls) with other ICls, antiangiogenic drugs, and locoregional
therapies. The atezolizumab-bevacizumab and durvalumab-tremelimumab (STRIDE) regimen
has significantly improved survival rates as a first-line treatment and has become the new
standard of care. Therefore, combined treatments for advanced HCC can result in better
treatment outcomes owing to their synergistic effects, which requires a multidisciplinary
approach. Ongoing studies are examining other therapeutic innovations that can improve
disease control and OS rates. Despite improvements in the treatment of advanced HCC,
further studies on the optimal treatment selection and sequences, biomarker identification,
combination approaches with other therapies, and development of novel immunotherapy
agents are required. This review presents the current treatment options and clinical data
of the ICl-based combination immunotherapies for advanced HCC from a multidisciplinary
perspective. (J Liver Cancer 2023;23:316-329)

Keywords: Carcinoma, hepatocellular; Systemic treatment; Immune checkpoint inhibitors;
Combined modality therapy; Locoregional therapy

INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading cause
of cancer-related deaths worldwide.' Despite active surveil-
lance, HCC is frequently diagnosed at an advanced stage.”

Over the past few decades, the development of molecularly
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targeted therapies has significantly improved the treatment
of advanced HCC. Sorafenib, a multitargeted tyrosine kinase
inhibitor (TKI) targeting the vascular endothelial growth fac-
tor receptor (VEGFR), Raf-1, and the platelet-derived growth
factor receptor (PDGFR), has been the first-line systemic
treatment for advanced HCC.** Median overall survival (OS)
was 10.7 months in the sorafenib group and 7.9 months in
the placebo group (hazard ratio [HR], 0.69; 95% confidence
interval [CI], 0.55-0.87; P<0.001) in a SHARP study. In the
Asia-Pacific region, patients treated with sorafenib showed a

median OS of 6.5 months, while those who received placebo
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had a median OS of 4.2 months (HR, 0.68; 95% CI, 0.50-
0.93; P=0.014). Lenvatinib has also been approved as a first-
line treatment for unresectable HCC. Lenvatinib is a TKI
that targets VEGFR, fibroblast growth factor receptors,
PDGFRa, KIT, and RET. The lenvatinib group achieved a
median OS of 13.6 months, which was non-inferior to the
sorafenib group (12.3 months) (HR, 0.92, 95% CI, 0.79-
1.06). Several targeted agents, such as regorafenib, cabozan-
tinib, and ramucirumab, have also been approved as second-
line treatments for patients with HCC who show disease
progression after receiving first-line sorafenib treatment.’
However, the effectiveness of these treatments is limited,
with low response rates and minimal improvements in OS."’
In recent years, remarkable changes have occurred in sys-
temic treatment settings, with the introduction of immuno-
therapies. Immune checkpoint inhibitors (ICIs) have
emerged as promising treatments for HCC.” Notably,
nivolumab and pembrolizumab, anti-programmed cell death
protein 1 (PD-1) antibodies, have shown an improvement in
OS in patients with advanced HCC who have previously re-
ceived sorafenib, leading to their approval by the US Food
and Drug Administration (FDA) as second-line treatments
for advanced HCC."” However, immunotherapy alone ex-
hibits limited antitumor efficacy and, fails to significantly en-
hance OS compared to sorafenib in treatment-naive patients.
Therefore, it is necessary to develop treatment strategies to
improve therapeutic effects in patients with advanced HCC.
Several studies have demonstrated the effectiveness of
combining ICIs with other treatment modalities for patients
with HCC, such as multi-ICI combinations, TKIs, and lo-
coregional therapies.”’ Based on remarkable results from the
IMbravel50 trial, the FDA has approved the combination of
atezolizumab and bevacizumab as a first-line treatment for

11,12

patients with unresectable HCC. "~ Combination strategies
have been evaluated and are still being used to overcome re-
sistance and improve the effectiveness of treatment. These
findings emphasize the importance of multidisciplinary ap-
proaches in HCC treatment. This review provides the current
data and ongoing trials investigating ICI-based combination
therapies for HCC, aiming to optimize treatment strategies

and achieve satisfactory clinical outcomes in HCC treatment.
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CURRENT AND EMERGING
IMMUNOTHERAPIES IN ADVANCED HCC

1. Immunology of HCC

The liver possesses distinctive immunological tolerance to
antigens derived from bacteria and dietary products via the
portal vein.”™"* Furthermore, the majority of cases of HCC
originate from pre-existing liver diseases, such as chronic
hepatitis B and C virus infections, alcoholic hepatitis, nonal-
coholic steatohepatitis, and autoimmune hepatitis."” These
contribute to chronic inflammation that impairs immune
surveillance and disrupts the immune environment.'"” This
exceptional tolerogenic feature of the liver with the immuno-
suppressive tumor microenvironment (TME) in HCC may
impede antitumor immune responses against HCC. Dys-
functional interactions between tumors and the immune sys-
tem can lead to immune evasion, either through the im-
paired recognition of tumor-associated antigens (TAAs) or
the establishment of an immunosuppressive TME." The
presence of an immunosuppressive TME can be attributed to
a number of factors, including the recruitment of suppressive
immune cells such as regulatory T cells (Tregs), myeloid-de-
rived suppressor cells, and tumor-associated macrophages,
as well as the reduction of antitumor effector cells such as
dendritic cells (DCs) and natural killer (NK) cells. The im-
mune suppression observed in the TME is also influenced by
changes in cytokine levels and an increase in the levels of im-
mune checkpoint proteins (PD-1/programmed cell death-li-
gand 1 [PD-L1] and cytotoxic T lymphocyte associated anti-
gen-4 [CTLA-4])."” Overcoming these challenges to improve
the ability of the immune system to effectively eliminate tu-
mor cells is a crucial form of immunotherapy.

Co-inhibitory molecules expressed by lymphocytes act as
immune checkpoints to prevent excessive immune activa-
tion. HCC uses this mechanism to avoid immune responses
against tumors by expressing the corresponding ligands in
both tumor cells and stromal cells, thus evading antitumor
immune surveillance.” Immune checkpoints, PD-1/PD-L1
and CTLA-4, play a crucial role in initiating and maintaining
tumor immune evasion. PD-1 is expressed on activated T
cells, B cells, NK cells, and DCs. When PD-1 binds to PD-LI,
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inhibitory signals are generated, deactivating immune cells,
leadings to the apoptosis of CD8" T cells and a reduction in

. .« . . 21,22
their activity against cancer cells.

Persistent PD-1 signal-
ing causes T cell exhaustion.” Increased expression of PD-L1
is associated with HCC etiologies, such as chronic viral infec-
tions and other inflammatory liver diseases. This increased
expression of PD-LI is linked to greater tolerance toward
TAAs and provides a favorable environment for HCC devel-
opment.”** Another significant immune checkpoint, CTLA-
4, which is expressed on activated T cells and Tregs, weakens
the immune response against tumors and accelerates im-

: 26
mune evasion by tumor cells.

2. Rationale of immunotherapy

Monoclonal antibodies (ICIs) prevent T cell inactivation
by blocking the interaction between checkpoint proteins and
their ligands. They can enhance the immune response, lead-
ing to the elimination of tumor cells and significantly im-
proving the effectiveness of cancer treatment.” Hence, IClIs
such as anti-PD-1 (nivolumab and pembrolizumab), anti-
PD-L1 (atezolizumab and durvalumab), and anti-CTLA-4
(ipilimumab and tremelimumab) are promising treatments
for HCC that promote immune cell proliferation reinforcing
antitumor immune responses.

A range of immune-stimulating responses are experienced
when the dual blockade of CTLA-4 and PD-1/PD-L1 is used.
This includes the distinctive modulation of terminally differ-
entiated effector CD8" T cells, which could may be signifi-
cant in the treatment of immunologically “cold” tumors that
exhibit poor immunotherapy responses.” In a murine HCC
model, the combination therapy of anti-CTLA-4 and anti-
PD-1 monoclonal antibodies increased the infiltration of
CD8" and CD4" T cells into tumors as compared to mono-
therapy, while reducing the infiltration of Tregs. These out-
comes were related to the improved effectiveness.”

Proangiogenic factors, such as vascular endothelial growth
factors (VEGFs), prevent the cytokine-induced adhesion of
endothelial cells. This results in endothelial cell anergy, which
tumors use to evade immune infiltration.” The upregulation
of immune checkpoint molecules and direct inhibition of T

cell proliferation and cytotoxic activity by these factors also
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contribute to T cell exhaustion.” VEGF blocking enhances
antigen presentation by stimulating the differentiation and
maturation of DCs and activates cytotoxic CD8" T cells.”"”
Additionally, anti-VEGF therapy facilitates lymphocyte infil-
tration into tumors by restoring the microvessels, thereby in-
creasing the effectiveness of immunotherapy.” As a result,
the combination of ICIs and VEGF inhibitors is a highly
promising treatment approach for patients with HCC.™*
The combination of ICIs and TKIs represents another
VEGF-based strategy to improve therapeutic effectiveness.
Unlike monoclonal antibodies (mAbs), TKIs also affect vari-
ous other kinases that could affect the activity of ICIs. The
efficacy of TKIs in overcoming tumor-intrinsic resistance to
immune checkpoint blockade has been demonstrated, sup-
porting the use of combination therapies.” By inhibiting
MAPK, WNT-B-catenin, CDK4-CDK®6, or PTEN-dependent
signaling, TKIs have the potential to convert immunological-
ly “cold” tumors into “hot” tumors. This transformation is
characterized by T cell infiltration, DC activation, enhanced

tumor antigen presentation, and improved responsiveness to

checkpoint inhibition.”

3. Management of HCC: immunotherapy in a clinic

1) Single-agent immunotherapy

ICIs have triggered a paradigm shift in HCC treatment.
Nivolumab, an anti-PD-1 antibody, inhibits the interaction
between PD-1 receptor on T cells and PD-L1 on tumor cells,
thereby restoring the antitumor activity of T cells. One nota-
ble study, CheckMate 040, provided insights into the use of a
single-agent PD-1 antibody, nivolumab.” In a subsequent
phase III trial, CheckMate 459, the efficacy of nivolumab as a
first-line treatment for advanced HCC was compared with
that of sorafenib (Table 1).** In this trial, the objective re-
sponse rate (ORR) was 15%, including a complete response
of 4%, in the nivolumab group versus 7% in the control
group. However, the difference in OS was not statistically
significant, with a median OS of 16.4 months in the nivolum-
ab group and 14.7 months in the sorafenib group (HR, 0.85;
95% CI, 0.72-1.02; P=0.0752). Grade 3/4 treatment-related

adverse events (TRAEs) were less frequent in the nivolumab
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Table 1. Results of clinical trials for immunotherapy in patients with advanced HCC

Study Drug Phase Setting Median OS HR for OS Median PFS ORR
IMbravel150™ Atezolizumab and Il First-line  19.2 mo for 066 6.9 mo for 30% for atezolizumab
bevacizumab vs. atezolizumab and atezolizumab and and bevacizumab vs.
sorafenib bevacizumab vs. 134 bevacizumab vs. 4.3 11% for sorafenib
mo for sorafenib mo for sorafenib
HIMALAYA Durvalumab and Il First-line  16.43 mo for STRIDE 0.78  3.78 mo for STRIDE 20.1% for STRIDE, 17%
tremelimumab or vs. 13.77 mo for and 3.65 mo for for durvalumab vs.
durvalumab vs. sorafenib durvalumab vs.4.07 5.1 for sorafenib
sorafenib for sorafenib
ORIENT-32" Sintilimab and Il First-line  NRfor Sintilimab and 0.57 4.6 mo for Sintilimab ~ 21% for Sintilimab and
bevacizumab IBI305 vs. 10.4 mo for and IBI305 vs. 2.8 mo  IBI305 vs. 4.7% for
biosimilar IBI305 vs. sorafenib for sorafenib sorafenib
sorafenib
COSMIG321” Cabozantinib and Il First-line 154 mo for 090 6.8mo for 13% for cabozantinib
atezolizumab vs. cabozantinib and cabozantinib and and atezolizumab vs.
sorafenib atezolizumab vs. 15.5 atezolizumab vs. 4.2 6% for sorafenib
mo for sorafenib mo for sorafenib
CheckMate 459**  Nivolumab vs. Il First-line  16.4 mo for nivolumab ~ 0.85 3.7 mo for nivolumab  15% for nivolumab
sorafenib vs. 14.7 mo for vs. 3.8 mo for and 7% for sorafenib
sorafenib sorafenib
LEAP-002* Lenvatinib and Il First-line  21.2 mo for lenvatinib 0.83  8.2mo for lenvatinib  26.1% for lenvatinib
pembrolizumab vs. and pembrolizumab and pembrolizumab  and pembrolizumab
lenvatinib vs. 19 mo for vs. 8.1 mo for vs. 17.5% for
lenvatinib lenvatinib lenvatinib
Qin, etal™ Camrelizumab and Il Firstline  22.1 mo for 062  56mofor 25.4% for
rivoceranib vs. camrelizumab and camrelizumab and camrelizumab and
sorafenib rivoceranib vs. 15.2 rivoceranib vs. 3.7 rivoceranib vs. 5.9%
mo for sorafenib mo for sorafenib for sorafenib
KEYNOTE-240° Pembrolizumab vs. Il Second-  13.9 mo for 0.78  3.0mo for 18.3% for
BSC line @after  pembrolizumab vs. pembrolizumab vs.  pembrolizumab vs.
sorafenib) 0.6 mo for BSC 2.8 mo for BSC 4.4% for BSC
KEYNOTE-394  Pembrolizumab vs. Il Second-  14.6 mofor 079 2.6 mofor 12.7% for
placebo line pembrolizumab vs. pembrolizumabvs.  pembrolizumab vs.

13.0 mo for placebo

2.3 mo for placebo 1.3% for placebo

HCC, hepatocellular carcinoma; OS, overall survival; HR, hazard ratio; PFS, progression-free survival; ORR, objective response rate; mo, months; NR,

not reached; BSC, best supportive care.

group (22%) than those in the sorafenib group (49%). While
the results did not show statistical significance for OS, these
outcomes suggest a therapeutic advantage of nivolumab for
advanced HCC, particularly in patients with PD-L1 expres-
sion =1%.

The phase I1I KEYNOTE-394 trial aimed to assess the effi-
cacy and safety of pembrolizumab when used as second-line
treatment for previously treated advanced HCC.” Pembroli-
zumab demonstrated a significantly longer median OS of

14.6 months compared to 13.0 months in the placebo group

http://e-jlc.org

(HR, 0.79; 95% CI, 0.63-0.99; P=0.0180), as well as a longer
median progression-free survival (PFS) of 2.6 vs. 2.3 months
(HR, 0.74; 95% CI, 0.60-0.92; P=0.0032). Furthermore, the
ORR was 12.7% for pembrolizumab compared to 1.3% for
the placebo (£<0.0001). TRAEs were observed in 66.9% of
patients receiving pembrolizumab and 49.7% of patients re-
ceiving the placebo. Consequently, pembrolizumab was ap-
proved by the FDA as a second-line treatment for patients
with advanced HCC who had previously received sorafenib."

Several prospective trials have demonstrated that PD-1 and
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PD-L1 inhibitors, such as nivolumab, pembrolizumab, dur-
valumab, and atezolizumab, yield objective tumor responses
in the range of 15-20% and have well-tolerated side effect
profiles.”**** However, PD-1 and PD-L1 inhibitors did not
show potent antitumor activity to significantly improve OS

“ . . . 38
compared to sorafenib in treatment-naive patients.

2) Immune checkpoint inhibitors with a combined
regimen

The limited success of single-agent ICIs in improving the
clinical outcomes has prompted the development of com-
bined therapies. The IMbravel50 study, a global phase 111
open-label trial, investigated the efficacy of combination
therapy of atezolizumab and bevacizumab compared to
sorafenib (Table 1)."""** The trial enrolled 501 patients who
were randomized to receive atezolizumab (1,200 mg) plus
bevacizumab (15 mg/kg) or sorafenib. The median OS in the
atezolizumab-bevacizumab group was 19.2 months, com-
pared to 13.4 months in the sorafenib group (HR, 0.66; 95%
CI, 0.52-0.85; P<0.001). The median PFS was 6.9 months in
the atezolizumab-bevacizumab group and 4.3 months in the
sorafenib group (HR, 0.65; 95% CI, 0.53-0.81; P<0.001).
The ORRs were 30% for atezolizumab-bevacizumab and
11% for sorafenib. The median time to deterioration in pa-
tient-reported quality of life was longer with the combination
treatment as compared to sorafenib monotherapy (11.2 vs.
3.6 months; HR, 0.63; 95% CI, 0.46-0.85)."* Notably, all par-
ticipants in the study were required to undergo an upper en-
doscopy within 6 months before enrollment to address con-
cerns about the risk of bleeding associated with bevacizumab.
This precautionary approach resulted in a low occurrence of
high-grade bleeding events; there were six grade 5 bleeding
events in the combination therapy group, while one was re-
ported in the sorafenib group. Grade 3 or 4 adverse events
(AEs) were observed in 63% and 57% of the patients in the
atezolizumab-bevacizumab and sorafenib groups, respective-
ly. Grade 3 or 4 hypertension was reported in 12% of the pa-
tients receiving atezolizumab-bevacizumab treatment. How-
ever, other high-grade toxic effects have rarely been reported.
The most common TRAE in the sorafenib group was pal-

mar-plantar erythrodysesthesia syndrome, which was ob-
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served in 48% of the patients, whereas it was documented in
2% of the patients in the atezolizumab-bevacizumab group.
Based on these remarkable findings, a combination of at-
ezolizumab and bevacizumab was approved by the FDA as a
first-line systemic treatment for advanced HCC.*™*

The HIMALAYA trial was a phase I1I study, which assessed
the combination of tremelimumab with durvalumab in com-
parison to sorafenib.” A single dose of 300 mg of tremelimum-
ab with durvalumab every 4 weeks, known as the STRIDE regi-
men, was determined based on the results of a phase /11
expansion trial.” According to pharmacodynamic studies, the
addition of tremelimumab at high doses increased the level of
CDS8" T cells in the peripheral blood, possibly contributing to
the improved efficacy of the combination treatment." The trial
successfully achieved its primary endpoint, demonstrating that
tremelimumab and durvalumab improved the OS compared to
sorafenib (median OS 16.43 months for the combination vs.
13.77 months for sorafenib; HR, 0.78; 96.02% CI, 0.65-0.93;
P=0.0035). The study also achieved a secondary endpoint of
demonstrating non-inferiority of single-agent durvalumab
compared to sorafenib (median OS of 16.56 months with dur-
valumab alone vs. 13.77 months with sorafenib; HR, 0.86;
95.67% CI, 0.73-1.03; non-inferiority margin, 1.08). The ORRs
were 20.1%, 17%, and 5.1% for STRIDE, durvalumab, and
sorafenib groups, respectively. With regard to the safety profile,
grade 3 or 4 AEs occurred in 50.5%, 37.1%, and 52.4% of the
patients receiving STRIDE, durvalumab, and sorafenib, respec-
tively. The FDA has approved the STRIDE regimen as a first-
line treatment option for unresectable HCC.

The multicenter phase III LEAP-002 study also examined a
combination of lenvatinib and pembrolizumab. This trial
compared the efficacy of lenvatinib plus pembrolizumab ver-
sus lenvatinib alone as a first-line treatment for advanced
HCC.” In the study, the median OS was reported as 21.2
months in the combination group and 19 months in the len-
vatinib group (HR, 0.84; 95% CI, 0.708-0.997; P=0.0227; with
a one-sided alpha of 0.0185 for superiority threshold). The
median PFS was 8.2 months in the lenvatinib and pembroli-
zumab group and 8.1 months in the lenvatinib group (HR,
0.834; 95% CI, 0.712-0.978). Combination treatment demon-

strated an ORR of 26.1%, whereas treatment with lenvatinib
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alone had an ORR of 17.5%. The combination therapy did not
reach the predefined superiority threshold for OS, resulting in
a negative outcome. Interestingly, the efficacy of lenvatinib as a
single agent stood out significantly when compared to the re-
sults from the REFLECT study, which reported a PFS of 7.3
months and OS of 13.6 months.” The improvement in OS for
lenvatinib observed between the two studies can be attributed
to several factors, which include the improved management of
AEs associated with lenvatinib by investigators and the greater
proportion of patients who received further therapies follow-
ing disease progression (44.1% in LEAP-002 vs. 33% in RE-
FLECT). In the LEAP-002 trial, 14.4% of the patients received
ICI-based treatments as part of their subsequent therapy.
Furthermore, the combination of nivolumab and ipilim-
umab as a second-line treatment following prior sorafenib
treatment was evaluated.” Nivolumab (1 mg/kg) plus ipilim-
umab (3 mg/kg) every 3 weeks (four doses) followed by a
single-agent nivolumab treatment regimen had demonstrat-
ed ORR of 32% and exhibited a median OS of 22.8 months.
This dosing strategy obtained an accelerated approval from
the FDA on March 2020, as a second-line treatment for ad-
vanced HCC. Any-grade TRAEs were reported in 46 patients

(94%) of 49 patients, with most being low grade. Elevated
aspartate aminotransferase levels were the most common
grade 3 or 4 event.

Recently, the phase III CARES-310 trial aimed to compare
the efficacy and safety of camrelizumab plus rivoceranib (also
known as apatinib) versus sorafenib as a first-line treatment
for unresectable HCC. The results showed that camrelizum-
ab-rivoceranib significantly improved the median PFS com-
pared to sorafenib (5.6 vs. 3.7 months; HR, 0.52; 95% CI,
0.41-0.65; one-sided £<0.0001). In the interim analysis for
OS, the median OS was also significantly extended with cam-
relizumab-rivoceranib versus sorafenib (22.1 vs. 15.2 months;
HR, 0.62; 95% CI, 0.49-0.80; one-sided P<0.0001). Hyper-
tension was the most common grade 3 or 4 TRAE, occurring
in 38% and 15% of the patients in the camrelizumab-rivoc-
eranib and sorafenib groups, respectively. This treatment has
emerged as an effective and promising first-line therapy for
patients with unresectable HCC. Several treatment modality
combinations are currently being investigated in clinical tri-
als to evaluate their efficacy in patients with advanced HCC
(Table 2).

Table 2. Ongoing randomized trials of immunotherapy in patients with advanced HCC

Drug Phase Setting Primary endpoint  ClinicalTrials.gov identifier
Nivolumab and ipilimumab vs. sorafenib/Lenvatinib Il First-line 0S NCT04039607
Finotoniima fantf PO-1) and SCI>10 (oavacizumab) First-line 05, PFS NCT04560894
Toripalimab and lenvatinib vs. lenvatinib M1l First-line 0S NCT04523493
Nofazinlimab (C51003) and lenvatinib vs. Lenvatinib 1l First-line 0S NCT04194775
Atliiovgztfn”iga/?oar;‘fe'neigva“”ib or sorafentb vs i Second-line 05 NCT04770896
Pembrolizumab and bavituximab Il First-line ORR NCT03519997
Pembrolizumab and regorafenib | Second-line ORR NCT04696055
Nofazinlimab and lenvatinib vs. lenvatinib 1l First-line 0S NCT04194775
Tislelizumab and regorafenib vs. regorafenib Il First-line Safety, ORR, PFS NCT04183088
Nivolumab and ipilimumab vs. sorafenib/lenvatinib Il First-line 0S NCT04039607 (CheckMate 9DW)*
rezolizumab and lenvatinib/sorafenio vs. I Second-line 05 NCT04770896 (IMbrave 251)*
lenvatinib/sorafenib
IBI310 and sintilimab vs. sorafenib If First-line 0S, ORR NCT04720716

HCC, hepatocellular carcinoma; OS, overall survival; PD-1, programmed cell death protein-1; PFS, progression-free survival; ORR, objective

response rate.
*Study name.

http://e-jlc.org
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Table 3. Completed clinical trials of combining immune checkpoint inhibitors with locoregional therapies in advanced HCC

Drug and treatment Phase Setting Result ClinicalTrials.gov identifier
Tremelimumab and RFA/TACE™ I/1l Second-line PR, 26.3%; median TTP, 74 months; median OS, NCT01853618
12.3 months
Pembrolizumab/nivolumab and Il Second-line ORR, 24%; median PFS, 5 months; median TTP, 6.1 NCT03939975
thermal ablation® months; OS, 16.9 months
Nivolumab and I First-line  ORR, 30.6%; DCR, 58.3%; median PFS, 4.6 months; NCT03033446
¥ radioembolization” median OS, 15.1 months; Grade 3/4 TRAEs, 11%
Nivolumab and SIRT* [ First-line  ORR, 41.5%; median TTP, 8.8 months; median OS, NCT03380130

20.9 months

HCC, hepatocellular carcinoma; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; PR, partial response, TTP, time to tumor
progression; OS, overall survival; ORR, objective response rate; PFS, progression-free survival; DCR, disease control rate; TRAES, treatment-related

adverse events; SIRT, selective internal radiation therapy.

3) Combining with locoregional therapies

According to recent preclinical and clinical studies, radio-
frequency ablation (RFA), transarterial chemoembolization
(TACE), and radiation can all be used in conjunction with

ICIs to improve its efficacy.”™

These locoregional therapies
(LRTs) eliminate primary malignancies and also stimulate
antitumor immunity by releasing tumor antigens from de-
53,54

stroyed cancer cells.” While LRTs enhance the antitumor
immune response, these treatments can also increase hypoxia
and generate cytokines, such as VEGFs and transforming
growth factor-P, which can hinder the effectiveness of the
immune response against tumors.” Consequently, the syner-
gistic interaction between locoregional therapies and immu-
notherapeutic agents can provide benefits for HCC treat-
ment.”® To optimize the effectiveness of this approach,
multidisciplinary collaborations are crucial.

Multiple studies provide evidence that ablative therapy can
stimulate antigen-specific CD4" and CD8" T cell responses

57-59

in patients with HCC.”™ Active NK cell responses have also
been observed after RFA, demonstrating that this immune
priming effect is not limited to T cells alone.”” Another study
demonstrated that RFA induced the infiltration of APCs and
immune responses against tumors.” Patients with advanced
HCC who received tremelimumab with partial tumor abla-
tion showed promising results (Table 3).” The response rate
was 26%, and the disease control rate was 89%. Among these
patients, the OS was 12.3 months, and 45% experienced sta-

ble disease lasting over 6 months. Notably, tumor biopsies at
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6 weeks revealed a substantial increase in the number of
CD8" T cells in patients with clinical benefits. Another phase
11 trial demonstrated that combining ablation with immuno-
therapy could enhance the treatment efficacy in HCC.”
Among the 50 patients who received an anti-PD-1 inhibitor
(nivolumab/pembrolizumab) as second-line treatment, 33
patients with stable disease or a poor response to anti-PD-1
agents underwent subtotal thermal ablation. Promisingly, the
addition of ablation improved efficacy, increasing the re-
sponse rate from 10% to 24%, with tolerable toxicity.

TACE remains the standard treatment for intermediate-
stage HCC.” TACE-induced tumor necrosis triggers immu-
nological stimulation.”” A recent study revealed that TACE
leads to elevated PD-1 expression in peripheral mononuclear
cells.” These findings suggest that targeting the PD-1/PD-L1
pathway might enhance the clinical outcomes of TACE. Sev-
eral trials have investigated the use of TACE in combination
with immunotherapy. A phase II trial, the IMMUTACE
study, provided evidence for the safety and efficacy of com-
bining nivolumab with TACE as a first-line treatment for pa-
tients with intermediate-stage HCC.”** Currently, the LEAP-
012 study is assessing the efficacy and safety of combining
TACE with lenvatinib and pembrolizumab compared to
TACE alone in patients with non-metastatic/incurable HCC
(NCT04246177) (Table 4).

Radiotherapy, including stereotactic body radiotherapy
(SBRT) and selective internal radiation therapy is an additional

treatment modality for patients with HCC. In various tumors,
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Table 4. Ongoing clinical trials on immune checkpoint inhibitors and locoregional therapies for patients with advanced HCC

Drug and treatment Phase Setting e:rcilrszir:t ClinicalTrials.gov identifier
Lenvatinib and pembrolizumab and TACE vs. TACE Il First-line PFS, OS NCT04246177 (LEAP-012)*
Tremelimumab and durvalumab and radiation therapy Il First-line ORR NCT03482102
Pembrolizumab and SBRT Il Second-line ORR NCT03316872
Durvalumab and tremelimumab and ablative therapies Il Second-line PFS NCT02821754
Pembrolizumab and SIRT | First-line PFS NCT03099564

SBRT followed by sintilimab vs. SBRT (17111 First-line PFS NCT04167293

HAIC and apatinib and camrelizumab Il First-line ORR NCT04191889
Toripalimab and thermal ablation Il Second-line PFS NCT03864211

TACE and sintilimab Il First-line ORR NCT04297280

HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; PFS, progression-free survival; OS, overall survival; ORR, objective
response rate; SBRT, stereotactic body radiotherapy; SIRT, selective internal radiation therapy; HAIC, hepatic arterial infusion chemotherapy.

*Study name.

including HCC, radiation has shown the abscopal effect, the re-
gression of non-irradiated lesions following radiotherapy.”™*
The combination of immunotherapy with radiotherapy can
enhance the abscopal effect.” With respect to the combination
of SBRT with ICIs, ongoing clinical trials are evaluating the ef-
fect of pembrolizumab in combination with SBRT for patients
with advanced HCC who experienced disease progression after
sorafenib treatment (NCT03316872), and the efficacy of SBRT
followed by an anti-PD1 antibody in a phase II/1II study
(NCT04167293) (Table 4). Y-radioembolization in combina-
tion with nivolumab was tested in the CA 209-678 study, a
nonrandomized phase II trial, for patients with advanced
HCC.” The study demonstrated promising clinical activity, in-
cluding an ORR of 30.6% with a favorable safety profile (11%
experienced grade 3/4 TRAE). Several ongoing trials have in-
vestigated combinations of ICIs and radiotherapy (Table 4).

A significant proportion of patients with advanced HCC
are unsuitable for initial surgical resection. ICls can reduce
the tumor size, making patients eligible for surgical treat-
ment. Previous studies showed that ICIs were administered
to patients for whom curative resection was initially unsuit-
able as they had high-risk factors such as portal vein inva-
sion, multifocality, or an advanced tumor size.”" After treat-
ment with cabozantinib and nivolumab, margin-negative
resection was achieved in 12 of the 15 patients. In another

study, ICI treatment was administered to patients with HCC
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with major vascular invasion, and subsequent salvage surgery
was possible in eight of the ten patients.”

Liver transplantation (LT) is not the primary therapeutic
option for patients with advanced HCC. LT can be consid-
ered cautiously in patients who are highly responsive to im-
munotherapy. However, the risk of transplant rejection or
liver failure following liver transplantation should be consid-
ered.”” There is limited data on organ transplantation after
ICIs, the occurrence of rejection seems to be observed in ap-
proximately 30-40%.”* Therefore, the advantages and poten-
tial risk associated with LT after immunotherapy need to be

evaluated through multidisciplinary practice.

FUTURE DIRECTIONS

1. Second-line treatments and treatment
sequence decisions

Currently, the optimal treatment sequence after first-line
ICI combination therapy remains unresolved. For patients
who have received sorafenib or lenvatinib as first-line treat-
ment, the FDA has approved five options, three antiangio-
genic drugs (regorafenib, ramucirumab, and cabozantinib),
pembrolizumab, and a combination of immunotherapies
(nivolumab and ipilimumab). With the combination of at-
ezolizumab and bevacizumab emerging as the preferred and

standard first-line treatment, it is necessary to establish sub-

323



@

Volume 23 Number 2, September 2023

sequent treatment options in the second- and later-line set-
tings. Although further data are urgently required to deter-
mine the optimal treatment sequences, TKIs can primarily be
used after the progression of atezolizumab plus bevacizumab.
This revealed comparable effectiveness and manageable side
effects of sorafenib and lenvatinib in patients with advanced
HCC.” According to preliminary real-world evidence,
nivolumab plus ipilimumab may be effective after other ICI
regimens.”® The IMbrave251 study is evaluating atezolizum-
ab-lenvatinib/sorafenib compared to sorafenib or lenvatinib
following disease progression after atezolizumab and bevaci-
zumab treatment (NCT04770896). However, the potential
efficacy of alternative ICI combinations remains uncertain
when the initial combination therapy is ineffective. In the ab-
sence of such data, treatment sequence decisions are made by
considering factors such as patient characteristics, prior ther-
apy tolerability, and side effect profile of each treatment regi-

45
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2. Biomarkers for immunotherapy

To date, no reliable biomarker has been definitively estab-
lished for immunotherapy of HCC. With the availability of
various treatment options, the development of biomarkers
for identifying patients who are more likely to benefit from a
specific combination of treatments is valuable. By establish-
ing predictive biomarkers, healthcare providers can choose
the most effective therapy for patients and avoid the costs as-
sociated with ineffective treatments.” Biomarkers will con-
tribute to a better understanding of personalized treatment
sequences for advanced HCC.

PD-L1 expression has received significant attention as a
potential biomarker for immunotherapy. PD-1/PD-L1
checkpoint inhibitors target PD-1 and PD-L1 receptors ex-
pressed on cell membranes. In an analysis of biomarkers
from the CheckMate 040 trial, it was observed that high PD-
L1 expression on tumor cells correlated with improved OS
and ORR.” In the IMbravel50 trial, PD-L1 expression exhib-
iting a combined positive score =1% showed improved PFS
and ORR in the atezolizumab-bevacizumab treatment group
compared to the sorafenib group, although another study
did not find any difference in ORR.””* In HCC patients
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treated with nivolumab, higher levels of baseline CD3" and
CD8" tumor-infiltrating lymphocytes (TILs) measured by
immunohistochemistry correlated with improved 0S.”
Moreover, an increased CD3" and CD8" TILs 6 weeks after
tremelimumab treatment for HCC related to the ORR.” In
gadoxetic acid-enhanced magnetic resonance imaging
(MRI), the hepatobiliary phase has been proposed as a po-
tential imaging biomarker for identifying B-catenin muta-
tions in HCC, which has implications for the ICI response.”
A recent study reported that the ratio of relative enhance-
ment and visual assessment of the hepatobiliary phase affects
the prognosis of HCC. The heterogeneous/hyperintense type
on baseline MRI exhibited a considerably shorter PES than
the homogeneous/hypointense types. Imaging features on
F-fluorodeoxyglucose positron emission tomography-com-
puted tomography (PET-CT) revealed an association with
poorly differentiated HCC. This retrospective study assessed
the tumor-to-normal liver ratio (TLR) of fluorodeoxyglucose
(FDG) uptake before atezolizumab-bevacizumab treatment.
This investigation revealed that a baseline TLR =2 was asso-
ciated with poor PES, but not with OS." As these pathologic
and radiologic features reflect the effectiveness of ICI treat-
ments, multidisciplinary care of HCC is necessary.

In the study of durvalumab and tremelimumab, the data
demonstrated a correlation between increased proliferation
of peripheral CD8" T cells during treatment and response to
treatment.”” A recent analysis of biomarkers in patients treat-
ed with atezolizumab-bevacizumab has revealed that pre-ex-
isting immunity such as high expression of CD274, T-effec-
tor signature and intratumoral CD8" T cell density was
linked to better clinical outcomes.” In addition, tumor-spe-
cific mutations play a significant role in the effectiveness of
immunotherapies and serve as biomarkers for assessing the
response to anti-PD-1 therapy.”® Microsatellite instability
(MSI) is a condition characterized by a high number of so-
matic mutations caused by deficient mismatch repair activity.
MSI is regarded as a histological indicator for identifying in-
dividuals who are likely to respond to ICI therapy.”* A pre-
vious study showed that PD-L1" circulating tumor cells
(CTCs) served as prognostic biomarkers for OS. Among the
10 patients with HCC who were treated with ICIs (pembroli-
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zumab or nivolumab), only those with PD-L1" CTCs showed
any positive response.” The gut microbiota is currently being
investigated as a promising biomarker in immunotherapy,
potentially influencing the efficacy of cancer treatments. Tu-
mor and circulating biomarker analyses, as well as noninva-
sive imaging-based metrics in ongoing immunotherapy stud-
ies, will establish the basis for precision medicine in HCC.**
Further investigations are required to fully understand the

potential significance of these factors.

CONCLUSION

Over the past decade, the management of HCC has signifi-
cantly improved owing to the development of new therapeu-
tic options. Remarkable advancements have been made in
immunotherapy for the treatment of HCC. However, immu-
notherapy alone has shown limited response rates.” Combi-
nation therapy based on ICIs with other therapeutic ap-
proaches, such as antiangiogenic drugs, other ICIs, and
locoregional therapies, has emerged as a promising modality
for HCC treatment through synergistic mechanisms. These
findings emphasize the significance of adopting multidisci-
plinary care in the treatment of HCC. The tumor manage-
ment board plays a crucial role in determining the most suit-
able treatment plan for each patient. The optimal timing for
switching treatments can also be determined through multi-
disciplinary care.

With the growing number of available treatment options
for advanced HCC, optimizing the treatment sequence to
achieve the most favorable patient outcomes is necessary. To
improve the treatment efficacy, there is an immediate need
to discover reliable biomarkers that can precisely identify pa-
tients who are likely to respond to immunotherapy. Several
studies have shown that PD-L1 expression and radiologic
features are associated with the ICI response.”””"”" Through
the discovery of effective biomarkers, personalized treatment
for each patient is possible, which will significantly increase

the survival rates.
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