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1   |   INTRODUCTION

Hepatocellular carcinoma (HCC) is the most com-
mon primary malignancy affecting the liver and is the 
fourth most common cause of cancer-related deaths 
worldwide.1,2 It largely arises from a combination of 

sustained insults to the liver including chronic inflam-
matory changes and necrosis of hepatocytes, fibrosis 
and cirrhosis of the liver, over a median lag time of 
~10–50 years, depending on the underlying aetiology.3,4 
Traditionally, the highest prevalence of HCC world-
wide mainly affects lower-to-middle income countries 
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Abstract
Cases of hepatocellular carcinoma (HCC) are rapidly rising. This is particularly 
the case in the Western world, as a result of increasing rates of chronic liver dis-
ease, secondary to lifestyle-associated risk factors and the lack of an established 
screening programme for the general population. Traditionally, radical/curative 
treatment options for HCC, including liver transplantation and surgical resection 
are reserved for the minority of patients, presenting with an early stage cancer. 
For patients with advanced disease, Sorafenib and Lenvatinib were, until recently, 
the only licensed systemic treatments, and provided only limited survival benefits 
at the cost of a multitude of potential side effects. Recent scientific advances in 
the field of cancer immunotherapy have renewed significant interest in advanced 
HCC, in order to fulfil this apparent area of unmet clinical need. This has led 
to the success and recent regulatory approval of an Atezolizumab/Bevacizumab 
combination for the first-line treatment of advanced HCC following results from 
the IMbrave150 clinical trial in 2019, with further immune checkpoint inhibi-
tors currently undergoing testing in advanced clinical trials. Furthermore, other 
cancer immunotherapies, including chimeric antigen receptor T-cells, dendritic 
cell vaccines and oncolytic viruses are also in early stage clinical trials, for the 
treatment of advanced HCC. This review will summarise the major approaches 
that have been and are currently in development for the systemic treatment of 
advanced HCC, their advantages, drawbacks, and predictions of where this revo-
lutionary treatment field will continue to travel for the foreseeable future.
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(LMICs) in areas such as East and South-East Asia and 
Africa, although the incidence of HCC is also rising in 
developed areas including the United States, Europe 
and Japan.2,3

Common underlying aetiological factors for HCC in-
clude chronic hepatitis B and/or C virus (HBV/HCV) in-
fection, which still represent the most prevalent causes of 
HCC, especially in LMICs.2 However, other more lifestyle-
associated causes such as alcohol-related liver disease, 
non-alcoholic fatty liver disease/non-alcoholic steato-
hepatitis (NAFLD/NASH), metabolic syndrome and diet-
related factors (e.g. aflatoxins), along with genetic factors 
and predispositions (e.g. hereditary haemochromatosis, 
α1-anti-trypsin deficiency, etc.) also play a significant role 
in the pathogenesis of HCC.2,5,6 Such a variety of underly-
ing aetiologies pose both an opportunity and a challenge 
in preventing HCC from a public health perspective and 
in treating and managing the overall rising numbers of 
cases worldwide.2,6 For example, the incidence of cases 
of HCC is rising in the United States mostly as a result 
of increasing levels of alcoholic cirrhosis and NAFLD/
NASH, whereas the incidence of cases in large parts of 
Asia and Africa where chronic HBV and HCV infections 
remain the most common cause are steady or falling due 
to increased uptake of immunisations and use of antiviral 
therapies.5,7,8

Treatment options for HCC are dependent on the stage 
of the disease (Figure 1). These include surgery (includ-
ing curative resection and liver transplantation), radiof-
requency ablation, stereotactic ablative radiotherapy/
stereotactic body radiation therapy, transarterial chemo-
embolisation (TACE), transarterial radioembolisation, 
and systemic targeted therapies including Atezolizumab/
Bevacizumab (immune checkpoint inhibitors [ICIs] that 
are now the established standard of care for advanced 
HCC) and Sorafenib/Lenvatinib (multi-targeted tyrosine 
kinase inhibitors that were previously the standard of care 
for advanced HCC).9–11 However, the curative treatment 
options for HCC (i.e. surgical) are often only reserved for 
a minority of individuals presenting with localised HCC, 
given delays in presentation and poor performance status/
liver function reserve.9 This is partly due to the fact that 
individuals with HCC are sometimes asymptomatic for 
many months or years, often diagnosed as an incidental 
radiological finding, which is compounded by a lack of ev-
idence for an established generalised cost-effective screen-
ing programme worldwide.1,12

For patients with advanced HCC, licensed systemic 
multi-targeted kinase inhibitors, including Sorafenib and 
Lenvatinib, are sometimes poorly tolerated due to their 
well-characterised side-effect profiles and provide min-
imal benefits in overall survival.14–17 Moreover, the rates 

F I G U R E  1   Treatment options for hepatocellular carcinoma (HCC) according to the Barcelona Clinic Liver Cancer (BCLC) staging 
system. Some centres use carefully regulated extended criteria regarding size and number of tumours to select for transplantation. More 
invasive treatments for early stage disease generally have a better prognosis compared to less invasive/palliative treatments for advance 
disease. Adapted from Tellapuri et al.13 PS, performance status; RFA, radiofrequency ablation; TACE, transarterial chemoembolisation
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of recurrence of HCC have historically been shown to be 
~10%–20% following liver transplantation and are asso-
ciated with a poorer prognosis.18-21 All of this in combi-
nation leads to a limited 5-year survival rate (~18%) for 
HCC and the need for new and alternative treatments to 
be developed.1,5,22

Cancer immunotherapy has revolutionised the treat-
ment of solid malignancies. Immunotherapy aims to har-
ness an individual's immune system to selectively target 
and kill tumour cells.23,24 This can be achieved via a vari-
ety of mechanisms, as illustrated in Figure 2. This review 
summarises various immunotherapies both currently li-
censed for use in the treatment of HCC and those in the 
stages of preclinical and clinical development.

2   |   IMMUNE CHECKPOINT 
INHIBITORS

The use of ICIs in the treatment of various cancers has 
stimulated marked improvements in the treatment 
of solid malignancies.29,30 ICIs broadly target nega-
tive immune costimulatory modulators expressed on 
the cellular surfaces of both antigen-presenting cells 
(APCs) and T-cells (Table  1). These receptor-ligand 
pairs downregulate the effects of T-cell priming and 
activation, in order to keep the adaptive immune 
system ‘in-check’, with a more minor effect on other 
immune cell types.31,32 Tumour cells manipulate im-
mune checkpoints by upregulating negative costimu-
latory molecules, through their own intrinsic tumour 
activity, or by altering aspects of the surrounding 
tumour microenvironment to enhance immune eva-
sion, tumour progression and spread.33Therefore, 
ICIs aim to block the effects of negative immune 
costimulatory molecules, in order to unleash antitu-
mour activity through promotion and upregulation 
of T-cell priming and activation.31,32 ICIs tip the bal-
ance away from a relative immunosuppressive tu-
mour microenvironment and inhibitory cytokines, 
towards promotion of an immune-mediated response 
against tumour cells and stimulatory cytokine re-
lease, in order to reduce the rate of progression and 
spread of tumour cells (Figure  3).29–33 There have 
been several licensed ICIs approved for the treat-
ment of cancers including metastatic melanoma, 
non-small cell lung cancer, renal cell carcinoma, and 
colorectal cancer (with microsatellite instability).30 
They primarily target key negative immune costim-
ulatory modulators expressed on either APCs or T-
cells. These include programmed death cell protein 1 
(PD-1) (primarily expressed on T-cells), programmed 
death-ligand 1 (PD-L1) (expressed on APCs, other 

immune cells and tumour cells), and cytotoxic T-
lymphocyte-associated protein 4 (CTLA-4) (primar-
ily expressed on T-cells).34,35

3   |   MODULATION OF 
MONOCLONAL ANTIBODY 
EFFECTOR FUNCTIONS THROUGH 
FC ENGINEERING

Targeted therapies that selectively bind to and in-
hibit the activity of these co-inhibitory receptors/
ligands predominantly exist in the form of recombi-
nant monoclonal antibodies. For example, Nivolumab 
(a fully humanised IgG4 monoclonal antibody) and 
Pembrolizumab (a humanised IgG4 monoclonal anti-
body) target and bind to PD-1; Atezolizumab (a fully 
humanised IgG1 monoclonal antibody) targets and 
binds to PD-L1; and Ipilimumab (a fully humanised 
IgG1 monoclonal antibody) targets and binds to CTLA-
4.9,30,32 The reason why IgG isotypes are selected—
specifically IgG1, IgG2 and IgG4—are for their long 
half-life, stability and ability to more accurately pre-
dict, and thus provide better control of, downstream 
effector functions to allow for optimal potentiation 
of monoclonal antibody action.36–38 For monoclonal 
antibodies targeting PD-1 and PD-L1, they are also 
specifically engineered with single or multiple point 
mutations in their Fc regions to reduce the interac-
tion between the Fc portion of the monoclonal anti-
body and effector cells expressing Fcγ receptors. This 
reduces antibody-dependant cellular cytotoxicity 
(ADCC), antibody-dependant cellular phagocytosis 
and complement-dependant cytotoxicity against host 
immune effector cells.39–41 For monoclonal antibodies 
targeting CTLA-4, their primary function is to increase 
ADCC against T regulatory cells (Tregs) (Table 2).39,41

4   |   TREATMENT OF HCC WITH 
ICIs

The liver naturally exists in a relatively immunosup-
pressed state which is heavily regulated by the immune 
system given its physiological role in processing foreign 
materials and first-pass metabolism. This state of im-
munosuppression is hijacked and further exacerbated 
by HCC in order to promote immune evasion and tu-
mour cell survival. Therefore, there exists a potential 
opportunity for ICIs to operate within this niche and 
reverse this process in the tumour, whilst maintaining 
immunosuppression in the background liver in order to 
avoid hepatic autoimmunity. Several clinical trials have 



574  |      LIU et al.

previously been undertaken or are currently in progress 
exploring the impact of ICIs in treating HCC at differ-
ent stages and with different underlying aetiologies, 
either as a monotherapy or in various combinations 
(Table 1).42–49

4.1  |  Nivolumab

There have been several clinical trials investigating the use 
of ICIs as monotherapies in the first or second-line setting 
(following failure of Sorafenib/Lenvatinib) for advanced 

F I G U R E  2   The multifaceted actions of cancer immunotherapy including immune checkpoint inhibitors (ICIs), chimeric antigen 
receptor (CAR) T-cells, dendritic cell (DC) vaccines and oncolytic viruses (OVs). Each mode of cancer immunotherapy aims to modulate 
an individual's immune response against tumour cells, either directly or indirectly, through priming and stimulation to enhance the 
autologous effect of antitumour activity towards the tumour and inducing tumour apoptosis/cell death or by modifying the surrounding 
tumour microenvironment to promote immunogenicity. ICIs consist of monoclonal antibodies which target negative immune checkpoint 
costimulatory molecules expressed on both innate and adaptive immune cells (CTLA-4, programmed death cell protein 1 [PD-1], 
programmed death-ligand 1 [PD-L1]) and tumour cells (PD-L1). These serve to directly inhibit the negative interaction between tumour cells 
and surrounding host immune cells (through blocking PD-1/PD-L1 interaction and CTLA-4) which upregulates T-cell priming in the lymph 
nodes and increases recognition of tumour cells by primed CD8+ T-cells through major histocompatibility complex (MHC) recognition of 
tumour-associated antigens (TAAs) expressed on the surface of tumour cells. Moreover, ICIs also promote antibody-dependent cellular 
cytotoxicity (ADCC) against T regulatory (Treg) cells (which primarily serve to downregulate the immune response against tumour cells) 
and tumour cells themselves through NK cell-dependent ADCC. CAR T-cells are exogenously engineered T-cells expressing a specialised 
CAR that target specific TAAs to promote a controlled positive downstream immune response. DC vaccines consist of isolated autologous 
DCs that are primed in vitro against TAAs before being reintroduced into individuals to promote host T-cell priming. OVs comprise of 
genetically engineered inactivated viruses that preferentially infect tumour cells and upregulate both humoral and cell-mediated immune 
responses25–28
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HCC.44,46,48,49 These have so far primarily been with mon-
oclonal antibodies that target PD-1.44,46,48 The CheckMate 
040 (NCT01658878) and CheckMate 459 (NCT02576509) 
trials studied the use of Nivolumab for the treatment of 
histologically confirmed advanced HCC with/without 
HBV/HCV infections.50,51 The CheckMate 040 trial looked 
at the safety and clinical efficacy of different doses of 
Nivolumab in 262 patients (who had previously received 
or not received Sorafenib) in multiple centres/regions 
worldwide. The results found overall objective response 
rates (ORR) of 15% and 20% in the dose-escalation phase 
and dose-expansion phase respectively, with an overall 
median overall survival (mOS) of 15 months in the dose-
expansion phase. The reduction in tumour burden was 
greatest in those individuals whose disease was not driven 
by viral hepatitis and those who had not previously re-
ceived Sorafenib.50 Moreover, the study also demonstrated 
an acceptable safety and drug tolerability profile which 
led to Nivolumab being granted regulatory approval by 
the United States Food and Drug Administration (FDA) in 
2017 for the treatment of advanced HCC following failure 
of first-line Sorafenib therapy.44,46,47,49,50 This was followed 
by the CheckMate 459 trial which was a multicentre phase 
III trial that directly compared the effects of Nivolumab 
against Sorafenib in advanced HCC. Although the study 
did not achieve a statistically significant difference in 
mOS (HR 0.85, p = 0.0752) (its primary endpoint), clini-
cal benefits of Nivolumab, including mOS and ORR, were 
observed in all subgroups of patients including locally 
advanced and metastatic disease, underlying aetiologies 
(viral hepatitis vs. non-viral hepatitis) and regions (Asia 
vs. non-Asia) compared to Sorafenib, together with an ad-
equate adverse event profile.51 However, following results 
from the CheckMate 459 trial, Nivolumab monotherapy 
for the second-line treatment of advanced HCC was re-
cently withdrawn for use by the FDA due to its failure to 
achieve a statistically significant primary endpoint.52

4.2  |  Pembrolizumab

Another PD-1 inhibitor that has been widely studied for 
the treatment of advanced HCC is Pembrolizumab.42–49 
The KEYNOTE-224 (NCT02702414) trial was a multi-
centre nonrandomised phase II trial assessing the clini-
cal safety and efficacy of Pembrolizumab 104 patients 
with advanced progressive HCC of any underlying aeti-
ology and previously treated with Sorafenib (either up to 
failure of treatment or stopped due to drug intolerances/
adverse effects). The study found an ORR of 17% for an 
estimated minimum duration of 9 months, with a man-
ageable adverse event profile.53,54 This subsequently led 
to regulatory approval of Pembrolizumab for second-line 

treatment of advanced HCC by the FDA.42–47,49 This was 
followed by the KEYNOTE-240 trial (NCT02702401), a 
randomised phase III trial comparing Pembrolizumab 
to placebo plus best-supportive care following treat-
ment with Sorafenib.55–57 Similarly to Nivolumab, this 
study did not meet its predefined primary outcome in 
terms of achieving statistical significance (HR 0.781, one-
sided p = 0.0238), but did show clinical benefits in mOS, 
progression-free survival (PFS) and ORR, particularly in 
the Asian subgroup of patients.55-58  This is furthered by 
the recent announcement of the preliminary results of the 
KEYNOTE-394 trial (NCT03062358), which assessed the 
clinical efficacy of Pembrolizumab in Asian patients with 
advanced HCC previously treated with Sorafenib versus 
placebo, indicating statistically significant improvements 
in OS (the primary endpoint), PFS and ORR,59 thus again 
showing potential benefits in this subgroup of patients.

4.3  |  Camrelizumab

One of the most recent PD-1 monoclonal antibodies 
that have been approved for regulatory use in China for 
the treatment of advanced HCC in patients who previ-
ously failed first-line treatment is Camrelizumab.49 This 
was based on the results of a randomised phase II trial 
(NCT02989922) which demonstrated an ORR of 14.7% 
and an mOS of 13.8  months in patients with predomi-
nantly HBV-driven advanced HCC, with follow-up cur-
rently ongoing.60

5   |   PATIENT SELECTION FOR ICI 
MONOTHERAPIES

One of the possibilities as to why both the CheckMate 459 
and the KEYNOTE-240 trials did not reach their clinically 
predefined primary outcome endpoints was due to the fact 
that both trials were unable to account for the regulatory 
approval of the use of other second-line targeted therapies 
for the treatment of advanced HCC, including Regorafenib 
(a multi-target tyrosine kinase inhibitor) which was li-
censed for use by the FDA in 2017, whilst both clinical tri-
als were still ongoing.42,46,49,51,56 However, certain patient 
subgroups may have benefited from anti-PD-1 therapy 
more than others.51,56 Significant clinical improvements 
in OS were observed in patients receiving Nivolumab who 
were of Asian ethnicity, positive for HBV/HCV and had 
evidence of metastatic spread,51 and in patients receiving 
Pembrolizumab who was also of Asian ethnicity (exclud-
ing Japan), were HBV-positive and had disease progres-
sion despite Sorafenib.56 Therefore, further work needs 
to be undertaken to better identify molecular biomarkers 
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predictive for patient benefit. This approach was dem-
onstrated in the REACH (NCT01140347) and REACH-2 
(NCT02435433) trials, where Ramucirumab (a monoclo-
nal antibody targeting the VEGF2 receptor) was shown to 
have increased overall survival benefits in patients with 
advanced HCC who had elevated serum concentrations of 
α-fetoprotein (AFP) (>400  ng/ml),62,63 which ultimately 
led to its regulatory approval by the FDA for second-line 
treatment of advanced HCC.42,43,45–47,49

One of the more recent ways in which patients are 
potentially stratified based on predictive response to im-
munotherapy is through measuring expression of specific 
molecular biomarkers on tumour cells.34,35 There are cur-
rently no clinically established molecular biomarkers for 
advanced HCC that can predict an outcome in relation to 
treatment with ICIs.42,43,46–49 One of the most widely stud-
ied predictive molecular biomarkers in PD-1 and PD-L1 
immunotherapy is the level of expression of PD-L1, which 
has previously been shown to correlate with survival out-
comes in a variety of other cancers, including melanoma, 
non-small cell lung cancer and head and neck squa-
mous cell carcinoma.34,35 However, results from both the 
CheckMate 040 and KEYNOTE-224 trials demonstrated 
non-statistically significant associations between the lev-
els of expression of PD-L1 and survival outcomes.50,53 
Further research into characterising a potential role for 
PD-L1 expression and establishing other molecular bio-
markers in predicting a treatment response for ICIs in 
HCC is warranted.42,43,46-49

6   |   MECHANISMS OF ICI 
RESISTANCE IN HCC

Immune checkpoint inhibitor monotherapy in the treatment 
of advanced HCC may be limited by multiple treatment-
resistance mechanisms.64–67 These mechanisms can broadly 
be divided into tumour intrinsic factors and tumour extrin-
sic factors. Tumour intrinsic factors include upregulation 
of multiple oncogenic cell signalling pathways (through 
activating mutations), epigenetic modifications, and expres-
sion of cytokines that promote tumour cell proliferation and 
immune evasion.64–67 Oncogenic cell signalling pathways 
that are upregulated in HCC include receptor tyrosine ki-
nases (EGFR, FGFR, c-MET, VEGFR, etc.), Wnt/ß-catenin, 
MAPK/ERK, PI3K/AKT/mTOR, and the JAK/STAT signal-
ling pathways.68–72 They are associated with decreased in-
tratumoural infiltration and effector function of T-cells and 
dendritic cells (DCs), and increased T-cell exhaustion.64–67 
Furthermore, cytokines such as interleukin (IL)-10 and 
TGF-ß promote tumour cell proliferation and immune eva-
sion through a reduction in the recruitment of APCs and an-
tigen presentation, along with overexpression of alternative 

co-inhibitory cell-surface ligands such as T-cell immunoglob-
ulin domain and mucin domain 3 and lymphocyte-activation 
gene 3.64–67 The HCC tumour microenvironment is able to 
further promote immune evasion/escape and subsequent tu-
mour cell survival and spread,47,48,73 via mechanisms that are 
both generic to many tumour types and additionally HCC-
specific mechanisms.74–77 HCC is a tumour that is charac-
terised by fibrotic changes and chronic inflammation (as a 
result of liver cirrhosis) which creates a physical barrier for 
immune cell infiltration as well as secretion of proinflamma-
tory cytokines that downregulate immune cell function.74–77 
This is contained in a surrounding microenvironment that 
is largely hypoxic, giving the liver a unique metabolic pro-
file, and immune tolerogenicity (given the large amounts of 
foreign materials that pass through the liver during first-pass 
metabolism), thus further exacerbating a largely immunosup-
pressive environment.74–77 Cytokines such as IL-10, TGF-ß, 
VEGF and hepatocyte growth factor are produced by hepatic 
stromal cells including Kupffer cells and hepatic stellate cells 
to reduce the recruitment and activity of tumour-infiltrating 
lymphocytes (TILs) and upregulate the production and activ-
ity of tumour-associated macrophages, Tregs and myeloid-
derived suppressor cells (MDSCs).48,73–76 ICI activity and 
efficacy rely on the ability of the host to generate a desired 
immune response against the tumour cells.64–67 Therefore, 
those tumour cells which express alternative TAAs or have 
a low tumour mutational burden may not respond to ICIs 
from the outset—termed innate/primary resistance.64–67 
Alternatively, an individual may develop resistance to ICIs 
over time due to the effects of the immunosuppressive tu-
mour microenvironment gradually overwhelming the activ-
ity of ICIs rendering their use redundant—termed acquired/
secondary resistance.64–67 More work is required to eluci-
date further key cell signalling pathways and better under-
stand the role of the development of tumour resistance in 
advanced HCC, particularly in the context of ICIs.43,47 This 
also provides justification for several clinical trials that have 
been or are currently being undertaken combining different 
treatments for HCC including targeted therapies with exist-
ing locoregional therapies and immunotherapy for advanced 
HCC, which is postulated to reduce the emergence of tumour 
resistance44,47,48 and to improve synergistic benefits.78,79

7   |   PD -1/PD -L1 INHIBITION 
WITH ANTI-VEGF THERAPY

To date, one of the most successful immunotherapy com-
binations developed to treat advanced HCC has been 
Atezolizumab (a PD-L1 inhibitor) and Bevacizumab 
(a circulating VEGF inhibitor). The IMbrave150 trial 
(NCT03434379) was a global multicentre randomised 
phase III clinical trial that recruited 501 patients and 
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compared OS and PFS (the co-primary endpoints) of 
Atezolizumab and Bevacizumab against Sorafenib.80,81 
There was a 42% reduction in the risk of death with 
Atezolizumab and Bevacizumab in comparison to 
Sorafenib (HR 0.58, p  <  0.001).80,81 mOS was reported 
to be 19.2  months in patients receiving Atezolizumab 
and Bevacizumab compared to 13.4  months in patients 
receiving Sorafenib (HR 0.66, p  =  0.0009).82 mPFS was 
6.8  months (Atezolizumab and Bevacizumab) versus 
4.3 months (Sorafenib) (HR 0.59, p < 0.001).80,81 Benefit 
with the combination therapy was seen in participants 
from all geographical locations, with comparable safety 
profiles.80,81 The most common side effects/adverse events 
were hypertension, fatigue and proteinuria in the partici-
pants receiving Atezolizumab and Bevacizumab.80,81 The 
risk of major oesophageal variceal haemorrhage is a par-
ticular concern to those patients receiving Atezolizumab 
and Bevacizumab and should be actively monitored for 
and treated prior to treatment commencing.80,81 This 
has led to regulatory approval by the FDA, European 
Medicines Agency, and Medicines and Healthcare 

products Regulatory Agency for the use of Atezolizumab 
and Bevacizumab in patients with unresectable or meta-
static HCC who have not received prior systemic ther-
apy.43 Other clinical trials exploring the combination of 
PD-L1 inhibitors with anti-VEGF therapy are currently in 
progress.42,43,45–47,49 The RESCUE trial (NCT03463876) is 
a phase II clinical trial exploring the safety and efficacy of 
Camrelizumab in combination with Apatinib (a VEGFR-2 
inhibitor) in patients with advanced HCC who have previ-
ously received Sorafenib,83 and there is also a phase I/II 
clinical trial (NCT04035876) currently underway in China 
assessing Camrelizumab and Apatinib as potential neoad-
juvant therapy for downstaging/bridging of HCC prior to 
curative liver transplantation.

8   |   COMBINATION ICI THERAPY

Combination monoclonal antibody therapies target-
ing some of the most commonly studied immune 
checkpoints are also currently the subject of interest in 

F I G U R E  3   The multitude of effects of immune checkpoint inhibitors that have been developed targeting molecular drivers of 
hepatocellular carcinoma progression. Targets include receptor/ligand pairs found on innate immune cells including natural killer (NK) 
cells (e.g. programmed death cell protein 1 [PD-1]), adaptive immune cells including T-cells (e.g. PD-1, cytotoxic T-lymphocyte-associated 
protein 4 [CTLA-4]), and those found on tumour cells themselves (e.g. PD-L1).
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advanced clinical trials.42–49 One of the cohort arms of the 
CheckMate 040 trial looked at the safety and tolerability of 
a combination of Nivolumab and Ipilimumab and found, 
along with a positive ORR (32%) and duration of response, 
a manageable safety and toxicity profile which led to regu-
latory approval by the FDA for use in patients with ad-
vanced HCC previously treated with Sorafenib.46,47,49,84 
This led to the development of the CheckMate 9DW trial 
(NCT04039607), a multicentre phase III trial comparing 
the overall survival rates (primary outcome) of a combi-
nation of Nivolumab and Ipilimumab against Sorafenib/
Lenvatinib in patients with advanced HCC who have 
not received prior systemic therapy. Moreover, the 
HIMALAYA trial (NCT03298451) is a multicentre phase 
III trial exploring the safety and efficacy of Durvalumab 
(a PD-L1 inhibitor) both as monotherapy and in combi-
nation with Tremelimumab (a CTLA-4 inhibitor) versus 
Sorafenib in patients with advanced HCC who have not 
received prior systemic therapy and are also not eligible 
for locoregional therapy.85

9   |   ICIs IN COMBINATION WITH 
LOCOREGIONAL THERAPIES

Whereas some clinical trials have sought to combine the 
use of novel immunotherapy agents, there are also sev-
eral clinical trials that are combining the use of novel ICIs 
with previously established locoregional therapies used in 
the treatment of advanced HCC (as discussed in Section 

1).42,44–49 One of the rationales behind this is their likely 
complementary mechanisms of actions providing both ad-
ditive and synergistic effects through the direct actions of 
locoregional therapies on tumour cells and potentiation of 
these effects through further stimulation of the immune 
system with the use of ICIs.86–90 Ablation techniques, radi-
otherapy methods and Doxorubicin (the most commonly 
used chemotherapy agent in TACE) have previously been 
shown to induce immunogenic cell death by apoptosis. 
This stimulates recruitment of DCs to the tumour site and 
upregulates the expression and antigenic presentation of 
TAAs, including PD-1/PD-L1, following their widespread 
release via apoptotic mechanisms.86–90 Locoregional 
therapies also induce proinflammatory cytokine release, 
activation and expansion of other innate and adaptive im-
mune cells including NK cells and cytotoxic T-cells, and 
downregulation in the activity of immune suppressive 
cells including Tregs and MDSCs.86–90 Ongoing clinical 
trials involving combination locoregional and ICI thera-
pies are listed in Table 1.

10   |   ICIs IN COMBINATION WITH 
SYSTEMIC THERAPIES

Multiple clinical trials are currently being undertaken 
evaluating the impact of ICIs in combination with multi-
targeted tyrosine kinase inhibitors, as potential treatments 
for advanced HCC. The LEAP-002 trial (NCT03713593) 
is a multicentre, double-blind, randomised phase III trial 

T A B L E  2   A list of the monoclonal antibodies that have been developed or are currently in development that serve as ICIs targeting 
PD-1, PD-L1 and CTLA-4 in the treatment of HCC. The majority of them are specifically selected for their antibody class and genetic 
engineering through single or multiple point mutations in their Fc region in order to reduce unwanted off-target or cytotoxic side effects. 
This is primarily due to a reduction (↓) or complete abrogation (↓↓↓) in the interaction between the Fc portion of the monoclonal antibody 
and effector cells expressing Fcγ receptors (FcγRs) which, in turn, reduces antibody-dependant cellular cytotoxicity (ADCC), antibody-
dependant cellular phagocytosis (ADCP) and complement-dependant cytotoxicity (CDC). Ipilimumab and Tremelimumab both target 
CTLA-4 which upregulates (↑) ADCC against Treg cells, with no discernible effects on Fc/FcγR interaction (given that they are both wild-
type monoclonal antibodies) or ADCP/CDC in human models(-).

Monoclonal antibody Ligand target Antibody class Fc engineering
Fc/FcγR 
interaction

Mechanism of action

ADCC ADCP CDC

Nivolumab PD-1 IgG4 S228P ↓ ↓ ↓ ↓

Pembrolizumab PD-1 IgG4 S228P ↓ ↓ ↓ ↓

Camrelizumab PD-1 IgG4 S228P ↓ ↓ ↓ ↓

Tislelizumab PD-1 IgG4 S228P/E233P/
F234V/L235A/
D265A/R409K

↓↓↓ ↓ ↓ ↓

Atezolizumab PD-L1 IgG1 N298A ↓↓↓ ↓ ↓ ↓

Durvalumab PD-L1 IgG1 L234F/L235E/
P331S

↓↓↓ ↓ ↓ ↓

Ipilimumab CTLA-4 IgG1 Wild-type - ↑ - -

Tremelimumab CTLA-4 IgG2 Wild-type - ↑ - -
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evaluating the safety and efficacy of Pembrolizumab 
and Lenvatinib against Lenvatinib as first-line ther-
apy for patients with advanced HCC, with OS and PFS 
being the primary endpoints.91 The COSMIC-312 trial 
(NCT03755791) is a multicentre, randomised phase 
III trial looking at a combination of Atezolizumab and 
Cabozantinib (a multi-target tyrosine kinase inhibitor), 
along with an arm containing Cabozantinib as mono-
therapy, against Sorafenib in order to evaluate the safety 
and efficacy and their effects on OS and PFS (primary 
endpoints) in patients with advanced HCC who have not 
received prior systemic therapy.92,93 There was also a re-
cent phase Ib trial (NCT03418922) looking at the safety 
and tolerability of Nivolumab and Lenvatinib in patients 
with unresectable HCC. The study found a manageable 
level of adverse events with an overall ORR of 23%.94 
This therapy combination has progressed onto a cur-
rent ongoing phase II trial (NCT03841201) for advanced 
hepatocellular carcinoma.95

11   |   CLINICAL AND 
PRECLINICAL CELLULAR 
THERAPIES

11.1  |  Adoptive cell transfer

Another method in which an individual's immune sys-
tem can be harnessed to selectively target and kill tumour 
cells is through ex-vivo stimulation of T-cells against 
TAAs.102–104 Adoptive cell transfer (ACT) involves identi-
fication of TAAs expressed by a tumour cell and priming 
and expansion of autologous naïve T-cells against these 
specific TAAs, prior to reintroduction into the patient 
(Figure 4).105 In the context of HCC, the majority of ACT 
strategies centre around CD8+ cytotoxic T-lymphocytes, 
which are capable of direct antitumour effects.106–108 The 
most widely studied TAAs expressed by HCC tumour cells 
are AFP and glypican-3, although other TAAs are also 
being studied, including New York esophageal squamous 
cell carcinoma 1 (NY-ESO-1) and melanoma-associated 
antigen 1 (MAGE-A1).106,107

Early iterations of ACT therapies include TILs and 
T-cell receptor (TCR)-engineered T-cells. These broadly 
comprise of endogenously or in vitro-isolated T-cells that 
target specific TAAs which are expanded in vitro before 
being transfused back into a host to generate a systemic 
immune response against tumour cells (Figure  4).102–105 
A phase I clinical trial exploring the safety of TILs in 15 
patients, who had previously undergone hepatic resec-
tion of HCC, demonstrated successful expansion of TILs 
in 88% of the study population, with an adequate safety 

profile.109 However, issues surrounding the efficacy and 
feasibility of delivering such personalised therapies to pa-
tients remain.102–105

A more recent approach to ACT therapy involves 
engineering of chimeric antigen receptors (CARs), 
comprising of an extracellular single-chain variable 
fragment that functions as the TAA-recognition do-
main along with costimulatory molecules, a transmem-
brane domain and intracellular signalling domains, 
on T-cells (Figure  4).110–112 These cells provide a more 
sophisticated approach compared to traditional ACT 
models given the greater ability to control most, if not 
all, aspects of T-cell function. These include recogni-
tion of a specific TAA by the chimeric TCR, to activa-
tion of specific downstream cell signalling pathways, 
and generation of a targeted immune response.110–112 
CAR T-cells are also able to circumvent any previous 
requirements of the TAA being loaded onto an HLA 
complex in order to achieve T-cell activation (this pro-
cess often being downregulated by tumour cells as part 
of their immune evasion strategy).110–112 Great strides 
have been made in the development of CAR T-cells used 
to treat cancer and this has been reflected in the recent 
regulatory approval by the FDA of two different CAR 
T-cell therapies for the treatment of acute lymphoblas-
tic leukaemia—Tisagenlecleucel/Kymriah—and dif-
fuse large B-cell lymphoma—axicabtagene ciloleucel/
Yescarta—respectively.110–112

There are currently multiple ongoing phase I/II clin-
ical trials examining the safety profile and tolerability of 
CAR T-cells in HCC. They broadly target some of the most 
commonly expressed TAAs on HCC tumour cells includ-
ing GPC-3, AFP, and NY-ESO-1.106–108 There is also an 
ongoing phase I/II trial (NCT03013712) currently explor-
ing the safety and efficacy of CAR T-cells that target the 
epithelial cell adhesion molecule antigen expressed on a 
variety of tumour cells including HCC.

One of the main issues surrounding CAR T-cell thera-
pies are the well-characterised but serious adverse effects, 
including cytokine release syndrome and neurotoxicity, 
particularly when CAR T-cells are delivered to individuals 
systemically.110–112 Moreover, specific concerns surround-
ing the efficacy of systemic CAR T-cell therapy in HCC 
exist, including the unfavourable tumour macroenviron-
ment, characterised by fibrotic stromal changes and cir-
rhosis along with a reduced blood supply, thereby limiting 
penetration by systemic CAR T-cells.106 In an attempt to 
reduce the risk of such unwanted side effects and improve 
the overall efficacy of CAR T-cells, some recent efforts 
have focused on the feasibility and safety of more localised 
delivery of CAR T-cells directly to the site of the tumour, 
primarily through locoregional methods.106
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11.2  |  Dendritic cell therapies

The concept of developing a so-called anti-cancer vac-
cine that primes and stimulates the adaptive immune 
system to target and destroy tumour cells has existed 
for over 60  years and is a method that has gained par-
ticular interest and traction over the past 20  years. The 
first anti-cancer vaccine—sipuleucel-T/Provenge—
secured regulatory approval by the FDA for the treat-
ment of metastatic castration-resistant prostate cancer 
in 2010.113–116 This strategy broadly involves isolating 
autologous peripheral blood mononuclear cells in vitro, 
expanding the population of DCs through the addition of 
co-stimulating factors including granulocyte-macrophage 
colony-stimulating factor (GM-CSF) and IL-4, before in-
cubating the mature DCs with autologous tumour lysate 
or with specific TAAs.113–116 In the case of sipuleucel-T/
Provenge, DCs are incubated with recombinant prostate 
acid phosphatase.113–116 This procedure generates fully 
primed APCs that are able to present antigenic peptides 
via the major histocompatibility complex on their cell 
surface.113–116 These can then be infused back into a host 
to stimulate an adaptive cell-mediated immune response, 
characterised by activation and clonal expansion of a vari-
ety of host cells including CTLs that specifically target and 
kill tumour cells.117

It has previously been demonstrated that the surround-
ing tumour microenvironment in HCC is highly immuno-
suppressive.42,44,49 One of the aspects of this relative state 
of immunosuppression is due to an overall reduction in 
the number of DCs found locally within the liver.49 Thus, 
DC therapy represents a theoretical niche whereby sup-
plementing the immune system with primed autologous 
DCs could potentially tip the balance of the immune sys-
tem in favour of the host and promote an overall antitu-
mour immune response.113,115,116

Early-phase clinical trials involving DC vaccines have 
shown them to be generally safe and well-tolerated when 
targeting TAAs expressed on HCC tumour cells, both as 
a primary therapy and as an adjunctive therapy in com-
bination with other established treatments, along with 
being associated with improved overall efficacy and sur-
vival outcomes.118,119 However, it remains unclear as to 
which DC incubation strategy is the most effective for 
treating HCC. Earlier clinical trials focused on incubat-
ing autologous DCs with whole tumour cell line lysates 
derived from the HepG2 cell line, with a level of success 
in terms of safety/tolerability and effects on mOS.120,121 
Controversies exist regarding the most appropriate ad-
ministration route for DC therapy (similar as with CAR 
T-cells) and the most effective therapeutic combinations 
(e.g. surgical resection/curative treatment, locoregional 
therapies, other systemic and/or immunotherapies, 

etc.).122 There have also been multiple clinical trials 
undertaken using a single or a small combination of 
well-established TAAs in HCC, including AFP, GPC-3, 
MAGE-1, etc., with mixed results.74,107,108,122 This could 
be due to a lack of adjuvant signalling or tumour escape 
in response to single-antigen vaccination. This has led to 
the development of the HEPAVAC project (www.hepav​
ac.eu), a study looking to identify further novel TAAs 
specific to HCC. The HepaVac-101 trial (NCT03203005), 
a phase I/II clinical trial is exploring the safety, tolera-
bility and immunogenicity of an adjuvant therapeutic 
anti-cancer vaccine targeting 16 recently identified novel 
peptides from resected HCCs (IMA970A) in combination 
with a novel co-stimulatory agent (CV8102) in patients 
with early-to-intermediate-stage HCC following the fail-
ure of standard treatment.123

12   |   THERAPEUTIC VIRUSES

Viruses are obligate intracellular pathogens that utilise 
unique proteins in their machinery to undertake viral 
replication in target host cells before escaping generally 
by cellular lysis (thereby inducing cell death) in order to 
continue their spread. These principles, in part, have led 
to the creation and evolution of oncolytic viruses (OVs), 
which broadly exert their antitumour effects through 
multiple mechanisms.124–127 Firstly, OVs often replicate 
preferentially in malignant cells and can be additionally 
genetically engineered to target specific host tumour cells. 
This is achieved either through recognition of and binding 
to TAA cell-surface markers on tumour cells, or by incor-
porating or deleting various genes from the viral genome 
that promote preferential survival and viral replication in 
targeted tumour cells.124–127 Secondly, OVs promote im-
munogenicity within the host immune system via multi-
ple mechanisms, including the induction of interferons, 
the release and uptake of TAAs by APCs or by being ge-
netically engineered to express genes that upregulate both 
humoral and cell-mediated immune responses.124–127 The 
field of OVs has previously found success following the 
regulatory approval by the FDA of a modified herpes sim-
plex virus type 1, talimogene laherparepvec, which was 
shown to improve both the rates of objective overall re-
sponse to treatment and mOS in patients with advanced 
melanoma in a phase III clinical trial.128

The most commonly studied OVs for the poten-
tial treatment of HCC in both preclinical and clinical 
studies include adenovirus and vesicular stomatitis 
virus (VSV), both due to their ability to preferentially 
infect HCC tumour cells, along with herpes simplex 
virus, Edmonston strain of the measles virus, Newcastle 
disease virus, and vaccinia virus.108,129,130 One of the 

http://www.hepavac.eu
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leading OVs targeting HCC currently being investigated 
in clinical trials is a modified Wyeth strain of the vac-
cinia virus, JX-594/pexastigmogene devacirepvec (Pexa-
Vec), which has been genetically engineered to express 
GM-CSF in order to promote host antitumour activity 
in tumour cells typically expressing high levels of thy-
midine kinase following deletion of the thymidine ki-
nase gene from its viral genome.108,129,131 Unfortunately, 
the TRAVERSE trial (NCT01387555), a phase IIb trial 
comparing intravenous and intratumoural injections 
of Pexa-Vec to placebo as second-line therapy in pa-
tients with advanced HCC who had previously failed 
Sorafenib therapy, did not meet its primary endpoint 
of OS.132 Moreover, the PHOCUS trial (NCT02562755), 
a phase III trial comparing Pexa-Vec with Sorafenib as 
first-line to Sorafenib monotherapy in patients with 
advanced HCC,133 was terminated early following the 
failure of a planned interim futility analysis indicat-
ing that the study was unlikely to meet its OS primary 
outcome.108 Despite these setbacks, other clinical trials 
involving different OVs, including H101 recombinant 
human adenovirus type 5 and VSV expressing human 
interferon beta, are currently ongoing.129

Promotion of an immunogenic environment by OVs 
(as discussed above) also further lends itself to comple-
menting the immunogenic activity of ICIs which has the 
potential to provide an increased and/or synergistic anti-
tumour response.134,135 There are currently several clinical 
trials underway exploring the efficacy of OVs and ICIs in 
combination for the treatment of multiple solid tumour 
sites.134,135 In the context of HCC, OVs hold potential to 
sensitise the immune-tolerant microenvironment and to 
immunologically prime tumours for ICI activity.131,136

13   |   CONCLUSION

Until recently, there were very few successes in the de-
velopment of systemic therapies for advanced HCC. 
However, rapid advances in the field of cancer immuno-
therapy have allowed new targeted therapies to be devel-
oped. For a long period of time, aside from Sorafenib (and 
more recently Lenvatinib), there remained no other first-
line treatments licensed and available for the systemic 
treatment of advanced HCC. This was until the recent suc-
cess of the IMbrave150 clinical trial which demonstrated 

F I G U R E  4   Approaches to adoptive cell therapy, including chimeric antigen receptor (CAR) T-cells. Earlier approaches relied on 
isolation of endogenous TILs, whereas later approaches rely on inserting genes encoding receptors (T-cell receptor [TCR] or CAR) using 
lentiviral transduction techniques into isolated naïve T-cells. Following in vitro expansion, adoptive cells are then autologously reintroduced 
into patients either systemically or locally directly into the tumour site.
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a clinical benefit for Atezolizumab/Bevacizumab combi-
nation therapy. Other successes within this field include 
the licensing and regulatory approval by the FDA of 
both Pembrolizumab and Nivolumab/Ipilimumab com-
bination as second-line therapies for the treatment of 
advanced HCC. Multiple clinical trials in various stages 
are currently in the pipeline exploring the potential use 
of ICIs both as monotherapies and in combination with 
other established treatment modalities for the treatment 
of advanced HCC.

Whilst ICI immunotherapy leads the field in the devel-
opment of new systemic therapies for treating advanced 
HCC, other immunotherapeutic modalities are rapidly 
progressing, including CAR T-cells, DC vaccines and OVs. 
Much of this work has been aided by a better knowledge 
and understanding of the commonly expressed TAAs 
on HCC tumour cells and of the interplay between tu-
mour cells and their surrounding microenvironment. 
Technological advances have also led to the development 
of the next generation of monoclonal antibodies and CAR 
T-cells, improved personalisation of DC vaccines, and 
better genetic engineering of OVs. These more sophisti-
cated therapies are being clinically tested to enable more 
specific targeting of tumour cells, better control of down-
stream immune responses and a reduction in off-target 
effects. Moreover, several clinical trials are currently un-
derway exploring the role of immunotherapies in the neo-
adjuvant and adjuvant settings in patients with early- and 
intermediate-stage HCC, in an effort to improve treatment 
outcomes and prevent tumour recurrence. Outcomes 
from future clinical trials should also aim to investigate a 
similar role for immunotherapies as downstaging therapy 
in advanced HCC in order to potentially widen access to 
other treatments used for early and immediate-stage HCC 
in these individuals. Future research in this field should 
consider the potential risks of treatment hepatotoxicity 
at the start of the research pipeline. Finally, determining 
clinically useful biomarkers as surrogate measures of im-
munotherapy treatment response and prognosis in HCC 
remains the focus of many in vitro and in vivo studies.

ACKNOWLEDGEMENTS
JKHL and AFI are both supported by an NIHR Academic 
Clinical Fellowship.

AUTHOR CONTRIBUTION
Justin K. H. Liu and Adel Samson were involved in the 
initial conception and design of the manuscript. All of the 
authors contributed towards drafting the manuscript and 
approved the final version.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ETHICAL APPROVAL STATEMENT
Ethical approval was not required for this study.

DATA AVAILABILITY STATEMENT
Data sharing is not applicable to this article as no new data 
were created or analysed in this study.

ORCID
Justin K. H. Liu   https://orcid.org/0000-0002-5406-8751 
Adel Samson   https://orcid.org/0000-0002-3081-7850 

REFERENCES
	 1.	 Villanueva A. Hepatocellular carcinoma. N Engl J Med. 

2019;380:1450-1462.
	 2.	 Yang JD, Hainaut P, Gores GJ, et al. A global view of hepatocel-

lular carcinoma: trends, risk, prevention and management. Nat 
Rev Gastroenterol Hepatol. 2019;16:589-604.

	 3.	 Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. 
2018;10127:1301-1314.

	 4.	 Clark T, Maximin S, Meier J, et al. Hepatocellular carcinoma: 
review of epidemiology, screening, imaging diagnosis, re-
sponse assessment, and treatment. Curr Probl Diagn Radiol. 
2015;44:479-486.

	 5.	 Balogh J, Victor III D, Asham EH, et al. Hepatocellular carci-
noma: a review. J Hepatocell Carcinoma. 2016;3:41-53.

	 6.	 Mak L-Y, Cruz-Ramón V, Chinchilla-López P, et al. Global epi-
demiology, prevention, and management of hepatocellular car-
cinoma. Am Soc Clin Oncol Educ Book. 2018;38:262-279.

	 7.	 Ghouri YA, Mian I, Rowe JH. Review of hepatocellular carci-
noma: epidemiology, etiology, and carcinogenesis. J Carcinog. 
2017;16:1.

	 8.	 McGlynn KA, Petrick JL, El-Serag HB. Epidemiology of hepato-
cellular carcinoma. Hepatology. 2020;73:4-13.

	 9.	 Kole C, Charalampakis N, Tsakatikas S, et al. Immunotherapy for 
hepatocellular carcinoma: a 2021 update. Cancers. 2020;12:2859.

	10.	 Koulouris A, Tsagkaris C, Spyrou V, et al. Hepatocellular car-
cinoma: an overview of the changing landscape of treatment 
options. J Hepatocell Carcinoma. 2021;13:387-401.

	11.	 Vogel A, Martinelli E, Vogel A, et al. Updated treatment 
recommendations for hepatocellular carcinoma (HCC) 
from the ESMO clinical practice guidelines. Ann Oncol. 
2021;32:801-805.

	12.	 Dimitroulis D, Damaskos C, Valsami S, et al. From diagnosis to 
treatment of hepatocellular carcinoma: an epidemic problem 
for both developed and developing world. World J Gastroenterol. 
2017;23:5282-5294.

	13.	 Tellapuri S, Sutphin PD, Beg MS, et al. Staging systems of 
hepatocellular carcinoma: a review. Indian J Gastroenterol. 
2018;37:481-491.

	14.	 Alves RCP, Alves D, Guz B, et al. Advanced hepatocellular 
carcinoma. Review of molecular targeted drugs. Ann Hepatol. 
2011;10:21-27.

	15.	 Keating G. Sorafenib: a review in hepatocellular carcinoma. 
Target Oncol. 2017;12:243-253.

	16.	 Kudo M, Finn RS, Qin S, 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.

https://orcid.org/0000-0002-5406-8751
https://orcid.org/0000-0002-5406-8751
https://orcid.org/0000-0002-3081-7850
https://orcid.org/0000-0002-3081-7850


588  |      LIU et al.

	17.	 Olsen SK, Brown Jr RS. Hepatocellular carcinoma: review of 
current treatment with a focus on targeted molecular therapies. 
Therap Adv Gastroenterol. 2010;3:55-66.

	18.	 Duvoux C, Roudot–Thoraval F, Decaens T, et al. Liver trans-
plantation for hepatocellular carcinoma: a model including 
α-fetoprotein improves the performance of Milan criteria. 
Gastroenterology. 2012;143:986-994.

	19.	 Filgueira NA. Hepatocellular carcinoma recurrence after liver 
transplantation: risk factors, screening and clinical presenta-
tion. World J Hepatol. 2019;11:261-272.

	20.	 Mazzaferro V, Sposito C, Zhou J, et al. Metroticket 2.0 model for 
analysis of competing risks of death after liver transplantation for 
hepatocellular carcinoma. Gastroenterology. 2018;154:128-139.

	21.	 Wallace D, Cowling TE, Walker K, et al. Short-  and long-
term mortality after liver transplantation in patients with 
and without hepatocellular carcinoma in the UK. Br J Surg. 
2020;107:896-905.

	22.	 Vogel A, Saborowski A. Current strategies for the treatment of 
intermediate and advanced hepatocellular carcinoma. Cancer 
Treat Rev. 2020;82:101946.

	23.	 Esfahani K, Roudaia L, Buhlaiga N, et al. A review of cancer 
immunotherapy: from the past, to the present, to the future. 
Current Oncology. 2020;27:s87-s97.

	24.	 Oiseth SJ, Aziz MS. Cancer immunotherapy: a brief review 
of the history, possibilities, and challenges ahead. J Cancer 
Metastasis Treat. 2017;3:250-261.

	25.	 Dougan M, Dranoff G, Dougan SK. Cancer immunotherapy: be-
yond checkpoint blockade. Ann Rev Cancer Biol. 2019;3:55-75.

	26.	 Kruger S, Ilmer M, Kobold S, et al. Advances in cancer immuno-
therapy 2019 – latest trends. J Exp Clin Cancer Res. 2019;38:268.

	27.	 Liu JKH. The history of monoclonal antibody development – 
progress, remaining challenges and future innovations. Ann 
Med Surg. 2014;3:113-116.

	28.	 Waldman AD, Fritz JM, Lenardo MJ. A guide to cancer immu-
notherapy: from T cell basic science to clinical practice. Nat Rev 
Immunol. 2020;20:651-668.

	29.	 Robert C. A decade of immune-checkpoint inhibitors in cancer 
therapy. Nat Commun. 2020;11:3801.

	30.	 Wilky BA. Immune checkpoint inhibitors: the linchpins of 
modern immunotherapy. Immunol Rev. 2019;290:6-23.

	31.	 Granier C, De Guillebon E, Blanc C, et al. Mechanisms of ac-
tion and rationale for the use of checkpoint inhibitors in cancer. 
ESMO Open. 2017;2:e000213.

	32.	 Wei SC, Duffy CR, Allison JP. Fundamental mechanisms 
of immune checkpoint blockade therapy. Cancer Discov. 
2018;8:1069-1086.

	33.	 Vinay DS, Ryan EP, Pawelec G, et al. Immune evasion in can-
cer: mechanistic basis and therapeutic strategies. Semin Cancer 
Biol. 2015;35:S185-S198.

	34.	 Darvin P, Toor SM, Sasidharan Nair V, et al. Immune check-
point inhibitors: recent progress and potential biomarkers. Exp 
Mol Med. 2018;50:1-11.

	35.	 Havel JJ, Chowell D, Chan TA. The evolving landscape of bio-
markers for checkpoint inhibitor immunotherapy. Nat Rev 
Cancer. 2019;19:133-150.

	36.	 Saunders KO. Conceptual approaches to modulating antibody 
effector functions and circulation half-life. Front Immunol. 
2019;10:1296.

	37.	 Ryman JT, Meibohm B. Pharmacokinetics of monoclonal anti-
bodies. CPT Pharmacomet Syst Pharmacol. 2017;6:576-588.

	38.	 Zahavi D, Weiner L. Monoclonal antibodies in cancer therapy. 
Antibodies. 2020;9:34.

	39.	 Chen X, Song X, Li K, et al. FcγR-binding is an important func-
tional attribute for immune checkpoint antibodies in cancer 
immunotherapy. Front Immunol. 2019;10:292.

	40.	 Kang TH, Jung ST. Boosting therapeutic potency of antibodies 
by taming Fc domain functions. Exp Mol Med. 2020;51:1-9.

	41.	 Liu R, Oldham R, Teal E, et al. Fc-engineering for modulated 
effector functions – improving antibodies for cancer treatment. 
Antibodies. 2020;9:64.

	42.	 Cheng A-L, Hsu C, Chan SL, et al. Challenges of combination 
therapy with immune checkpoint inhibitors for hepatocellular 
carcinoma. J Hepatol. 2020;72:307-319.

	43.	 Huang AO, Yang X-R, Chung W-Y, et al. Targeted therapy for he-
patocellular carcinoma. Signal Transduct Target Ther. 2020;5:146.

	44.	 Huppert LA, Gordon JD, Kelley RK. Checkpoint inhibitors for 
the treatment of advanced hepatocellular carcinoma. Clin Liv 
Dis. 2020;15:53-58.

	45.	 Jordan AC, Wu J. Immunotherapy in hepatocellular carcinoma: 
combination strategies. World J Meta-Anal. 2020;8:190-209.

	46.	 Lim H, Ramjeesingh R, Liu D, et al. Optimizing survival and 
the changing landscape of targeted therapy for intermediate 
and advanced hepatocellular carcinoma: a systematic review. J 
Natl Cancer Inst. 2021;113:123-136.

	47.	 Onuma AE, Zhang H, Huang H, et al. Immune checkpoint in-
hibitors in hepatocellular carcinoma: current understanding on 
mechanisms of resistance and biomarkers of response to treat-
ment. Gene Expr. 2020;20:53-65.

	48.	 Pinato DJ, Guerra N, Fessas P, et al. Immune-based therapies 
for hepatocellular carcinoma. Oncogene. 2020;39:3620-3637.

	49.	 Zeng Z, Yang B, Liao ZY. Current progress and prospect of 
immune checkpoint inhibitors in hepatocellular carcinoma. 
Oncol Lett. 2020;20:45.

	50.	 El-Khoueiry AB, Sangro B, Yau T, et al. Nivolumab in patients 
with advanced hepatocellular carcinoma (CheckMate 040): an 
open-label, non-comparative, phase 1/2 dose escalation and ex-
pansion trial. Lancet. 2017;389:2492-2502.

	51.	 Yau T, Park JW, Finn RS, et al. CheckMate 459: a random-
ized, multi-center phase III study of nivolumab (NIVO) vs 
sorafenib (SOR) as first-line (1L) treatment in patients (pts) 
with advanced hepatocellular carcinoma (aHCC). Ann Oncol. 
2019;30:v874-v875.

	52.	 Bristol Myer Squibb. Bristol Myers Squibb statement of Opdivo 
(nivolumab) monotherapy post-sorafenib hepatocellular car-
cinoma US indication; 2021. Accessed 7 September 2021. 
Available from: https://news.bms.com/news/corpo​rate-finan​
cial/2021/Brist​ol-Myers​-Squib​b-State​ment-on-Opdiv​o-nivol​
umab-Monot​herap​y-Post-Soraf​enib-Hepat​ocell​ular-Carci​
noma-U.S.-Indic​ation/​defau​lt.aspx

	53.	 Zhu AX, Finn RS, Cattan S, et al. KEYNOTE-224: pembroli-
zumab in patients with advanced hepatocellular carcinoma 
previously treated with sorafenib. J Clin Oncol. 2018;36:209.

	54.	 Zhu AX, Finn RS, Edeline J, et al. Pembrolizumab in patients 
with advanced hepatocellular carcinoma previously treated 
with sorafenib (KEYNOTE-224): a non-randomised, open-label 
phase 2 trial. Lancet Oncol. 2018;19:940-952.

	55.	 Finn RS, Ryoo B-Y, Merle P, et al. Pembrolizumab (Pembro) 
therapy vs best supportive care (BSC) in advanced hepa-
tocellular carcinoma (HCC): KEYNOTE-240. Ann Oncol. 
2019;30:iv135-iv136.

https://news.bms.com/news/corporate-financial/2021/Bristol-Myers-Squibb-Statement-on-Opdivo-nivolumab-Monotherapy-Post-Sorafenib-Hepatocellular-Carcinoma-U.S.-Indication/default.aspx
https://news.bms.com/news/corporate-financial/2021/Bristol-Myers-Squibb-Statement-on-Opdivo-nivolumab-Monotherapy-Post-Sorafenib-Hepatocellular-Carcinoma-U.S.-Indication/default.aspx
https://news.bms.com/news/corporate-financial/2021/Bristol-Myers-Squibb-Statement-on-Opdivo-nivolumab-Monotherapy-Post-Sorafenib-Hepatocellular-Carcinoma-U.S.-Indication/default.aspx
https://news.bms.com/news/corporate-financial/2021/Bristol-Myers-Squibb-Statement-on-Opdivo-nivolumab-Monotherapy-Post-Sorafenib-Hepatocellular-Carcinoma-U.S.-Indication/default.aspx


      |  589LIU et al.

	56.	 Finn RS, Ryoo B-Y, Merle P, et al. Pembrolizumab as second-
line therapy in patients with advanced hepatocellular carci-
noma in KEYNOTE-240: a randomized, double-blind, phase III 
trial. J Clin Oncol. 2019;38:193-202.

	57.	 Finn RS, Ryoo B-Y, Merle P, et al. Results of KEYNOTE-240: 
phase 3 study of pembrolizumab (Pembro) vs best supportive 
care (BSC) for second line therapy in advanced hepatocellular 
carcinoma (HCC). J Clin Oncol. 2019;37:4004.

	58.	 Kudo M, Lim HY, Cheng A-L, et al. Pembrolizumab as second-
line therapy for advanced hepatocellular carcinoma: a sub-
group analysis of Asian patients in the phase 3 KEYNOTE-240 
trial. Liver Cancer. 2021;10:275-284.

	59.	 Merck. Merck announces KEYTRUDA (pembrolizumab) met 
primary endpoint of overall survival (OS) in patients with 
advanced hepatocellular carcinoma previously treated with 
sorafenib; 2021. Accessed 7 October 2021. Available from: 
https://www.merck.com/news/merck​-annou​nces-keytr​uda-
pembr​olizu​mab-met-prima​ry-endpo​int-of-overa​ll-survi​val-
os-in-patie​nts-with-advan​ced-hepat​ocell​ular-carci​noma-previ​
ously​-treat​ed-with-soraf​enib/

	60.	 Qin S, Ren Z, Meng Z, et al. Camrelizumab in patients with 
previously treated advanced hepatocellular carcinoma: a mul-
ticentre, open-label, parallel-group, randomised, phase 2 trial. 
Lancet Oncol. 2020;21:571-580.

	61.	 Qin S, Finn RS, Kudo M, et al. A phase 3, randomized, open-
label, multicenter study to compare the efficacy and safety of 
tislelizumab, an anti-PD-1 antibody, versus sorafenib as first-
line treatment in patients with advanced hepatocellular carci-
noma. J Clin Oncol. 2018;36(15_suppl):TPS3110

	62.	 Zhu AX, Park JO, Ryoo B-Y, et al. Ramucirumab versus placebo 
as second-line treatment in patients with advanced hepato-
cellular carcinoma following first-line therapy with sorafenib 
(REACH): a randomised, double-blind, multicentre, phase 3 
trial. Lancet Oncol. 2015;16:859-870.

	63.	 Zhu AX, Kang Y-K, Yen C-J, et al. Ramucirumab after sorafenib 
in patients with advanced hepatocellular carcinoma and 
increased α-fetoprotein concentrations (REACH-2): a ran-
domised, double-blind, placebo-controlled, phase 3 trial. Lancet 
Oncol. 2019;20:282-296.

	64.	 Barrueto L, Caminero F, Cash L, et al. Resistance to checkpoint 
inhibition in cancer immunotherapy. Translational Oncology. 
2020;13:100738.

	65.	 Fares CM, Van Allen EM, Drake CG, et al. Mechanisms of re-
sistance to immune checkpoint blockade: why does checkpoint 
inhibitor immunotherapy not work for all patients? Am Soc 
Clin Oncol Educ Book. 2019;39:147-164.

	66.	 Jenkins RW, Barbie DA, Flaherty KT. Mechanisms of resistance 
to immune checkpoint inhibitors. Br J Cancer. 2018;118:9-16.

	67.	 Schoenfeld AJ, Hellmann MD. Acquired resistance to immune 
checkpoint inhibitors. Cancer Cell. 2020;37:443-455.

	68.	 Dimri M, Satyanarayana A. Molecular signaling pathways 
and therapeutic targets in hepatocellular carcinoma. Cancers. 
2020;12:491.

	69.	 Farzaneh Z, Vosough M, Agarwal T, et al. Critical signaling 
pathways governing hepatocellular carcinoma behavior; small 
molecule-based approaches. Cancer Cell Int. 2021;21:208.

	70.	 Llovet JM, Kelley RK, Villanueva A, et al. Hepatocellular carci-
noma. Nat Rev Dis Primers. 2021;7:6.

	71.	 Tang JJH, Thng DKH, Lim JJ, et al. JAK/STAT signaling in he-
patocellular carcinoma. Hepatic Oncology. 2020;7:1.

	72.	 Wang H, Yang J, Zhang KE, et al. Advances of fibroblast growth 
factor/receptor signaling pathway in hepatocellular carci-
noma and its pharmacotherapeutic targets. Front Pharmacol. 
2021;12:650388.

	73.	 Sangro B, Sarobe P, Hervás-Stubbs S, et al. Advances in immu-
notherapy for hepatocellular carcinoma. Nat Rev Gastroenterol 
Hepatol. 2021;18:525-543.

	74.	 Fu Y, Liu S, Zeng S, et al. From bench to bedside: the tumor 
immune microenvironment and current immunotherapeutic 
strategies for hepatocellular carcinoma. J Exp Clin Cancer Res. 
2019;38:396.

	75.	 Nakano S, Eso Y, Okada H, et al. Recent advances in immuno-
therapy for hepatocellular carcinoma. Cancers. 2020;12:775.

	76.	 Nishida N, Kudo M. Immunological microenvironment of he-
patocellular carcinoma and its clinical implication. Oncology. 
2017;92:40-49.

	77.	 Qin W, Cao Z-Y, Liu S-Y, et al. Recent advances regarding tumor 
microenvironment and immunotherapy in hepatocellular car-
cinoma. Hepatoma Res. 2020;6:24.

	78.	 Donisi C, Puzzoni M, Ziranu P, et al. Immune checkpoint in-
hibitors in the treatment of hepatocellular carcinoma. Front 
Oncol. 2021;10:601240.

	79.	 Xu W, Liu K, Chen M, et al. Immunotherapy for hepatocellu-
lar carcinoma: recent advances and future perspectives. Therap 
Adv Med Oncol. 2019;11:1758835919862692.

	80.	 Finn RS, Qin S, Ikeda M, et al. Atezolizumab plus bevacizumab 
in unresectable hepatocellular carcinoma. N Engl J Med. 
2020;382:1894-1905.

	81.	 Qin S, Cheng A-L, Ducreux MP, et al. IMbrave150: a randomised 
phase III study of atezolizumab + bevacizumab vs sorafenib in 
locally advanced or metastatic hepatocellular carcinoma. Ann 
Oncol. 2018;29:ix66.

	82.	 Finn RS, Qin S, Ikeda M, et al. IMbrave150: updated overall 
survival (OS) data from a global, randomized, open-label phase 
III study of atezolizumab (atezo) + bevacizumab (bev) versus 
sorafenib (sor) in patients (pts) with unresectable hepatocellu-
lar carcinoma (HCC). J Clin Oncol. 2021;39:267.

	83.	 Xu J, Zhang Y, Jia RU, et al. Anti-PD-1 antibody SHR-
1210combined with apatinib for advanced hepatocellular 
carcinoma, gastric, or esophagogastric junction cancer: an 
open-label, dose escalation and expansion study. Clin Cancer 
Res. 2019;25:515-523.

	84.	 Yau T, Kang Y-K, Kim T-Y, et al. Efficacy and safety of nivolumab 
plus ipilimumab in patients with advanced hepatocellular car-
cinoma previously treated with sorafenib: the CheckMate 040 
randomized clinical trial. JAMA Oncol. 2020;6:e204564.

	85.	 Abou-Alfa GK, Chan SL, Furuse J, et al. A randomized, mul-
ticenter phase 3 study of durvalumab (D) and tremelimumab 
(T) as first-line treatment in patients with unresectable hepa-
tocellular carcinoma (HCC): HIMALAYA study. J Clin Oncol. 
2018;36(15_suppl):TPS4144.

	86.	 Greten TF, Mauda-Havakuk M, Heinrich B, et al. Combined 
locoregional-immunotherapy for liver cancer. J Hepatol. 
2019;70:999-1007.

	87.	 Han JW, Yoon SK. Immune responses following locoregional 
treatment for hepatocellular carcinoma: possible roles of adju-
vant immunotherapy. Pharmaceutics. 2021;13:1387.

	88.	 Llovet JM, De Baere T, Kulik L, et al. Locoregional therapies in 
the era of molecular and immune treatment for hepatocellular 
carcinoma. Nat Rev Gastroenterol Hepatol. 2021;18:293-313.

https://www.merck.com/news/merck-announces-keytruda-pembrolizumab-met-primary-endpoint-of-overall-survival-os-in-patients-with-advanced-hepatocellular-carcinoma-previously-treated-with-sorafenib/
https://www.merck.com/news/merck-announces-keytruda-pembrolizumab-met-primary-endpoint-of-overall-survival-os-in-patients-with-advanced-hepatocellular-carcinoma-previously-treated-with-sorafenib/
https://www.merck.com/news/merck-announces-keytruda-pembrolizumab-met-primary-endpoint-of-overall-survival-os-in-patients-with-advanced-hepatocellular-carcinoma-previously-treated-with-sorafenib/
https://www.merck.com/news/merck-announces-keytruda-pembrolizumab-met-primary-endpoint-of-overall-survival-os-in-patients-with-advanced-hepatocellular-carcinoma-previously-treated-with-sorafenib/


590  |      LIU et al.

	89.	 Singh P, Toom S, Avula A, et al. The immune modulation ef-
fect of locoregional therapies and its potential synergy with 
immunotherapy in hepatocellular carcinoma. J Hepatocell 
Carcinoma. 2020;7:11-17.

	90.	 Xue J, Ni H, Wang F, et al. Advances in locoregional therapy for 
hepatocellular carcinoma combined with immunotherapy and 
targeted therapy. J Interv Med. 2021;4:105-113.

	91.	 Llovet JM, Kudo M, Cheng A-L, et al. Lenvatinib (len) plus 
pembrolizumab (pembro) for the first-line treatment of patients 
(pts) with advanced hepatocellular carcinoma (HCC): phase 3 
LEAP-002 study. J Clin Oncol. 2019;37(15_suppl):TPS4152.

	92.	 Kelley RK, Cheng A-L, Braiteh FS, et al. Phase 3 (COSMIC-312) 
study of cabozantinib (C) in combination with atezolizumab (A) 
versus sorafenib (S) in patients (pts) with advanced hepatocellu-
lar carcinoma (aHCC) who have not received previous systemic 
anticancer therapy. J Clin Oncol. 2019;37(15_suppl):TPS4157.

	93.	 Kelley RK, W Oliver J, Hazra S, et al. Cabozantinib in combina-
tion with atezolizumab versus sorafenib in treatment-naive ad-
vanced hepatocellular carcinoma: COSMIC-312 phase III study 
design. Future Oncol. 2020;16:1525-1536.

	94.	 Kudo M, Ikeda M, Motomura K, et al. A phase Ib study of len-
vatinib (LEN) plus nivolumab (NIV) in patients (pts) with un-
resectable hepatocellular carcinoma (uHCC): study 117. J Clin 
Oncol. 2020;38:513.

	95.	 Mueller DW, Siegler GM, de Toni E, et al. Safety run-in phase 
(SRP) cohorts 1 and 2 of the IMMUNIB trial (AIO-HEP-0218/
ass): an open-label, single-arm phase II study evaluating safety 
and efficacy of immunotherapy with PD-L1/L2 inhibition 
(nivolumab) in combination with receptor tyrosine kinase in-
hibition (lenvatinib) in advanced hepatocellular carcinoma 
(HCC). J Clin Oncol. 2020;38:e16601.

	96.	 Vogel A, Goetze TO, Hausner G, et al. The IMMULAB trial: a phase 
II trial of immunotherapy with pembrolizumab in combination 
with local ablation for patients with early stage hepatocellular 
carcinoma (HCC). J Clin Oncol. 2021;39(15_suppl):TPS4159.

	97.	 Floudas CS, Xie C, Brar G, et al. Combined immune checkpoint 
inhibition (ICI) with tremelimumab and durvalumab in pa-
tients with advanced hepatocellular carcinoma (HCC) or bili-
ary tract carcinomas (BTC). J Clin Oncol. 2019;37:336.

	98.	 Pinato DJ, Cole T, Bengsch B, et al. 750P –  a phase Ib study 
of pembrolizumab following trans-arterial chemoemboliza-
tion (TACE) in hepatocellular carcinoma (HCC): PETAL. Ann 
Oncol. 2019;30:v228.

	99.	 Sangro B, Kudo M, Qin S, et al. P-347 a phase 3, randomized, 
double-blind, placebo-controlled study of transarterial chemo-
embolization combined with durvalumab or durvalumab plus 
bevacizumab therapy in patients with locoregional hepatocel-
lular carcinoma: EMERALD-1. Ann Oncol. 2020;31:S202-S303.

	100.	 Qin S, Chen Z, Liu Y, et al. A phase II study of anti-PD-1 anti-
body camrelizumab plus FOLFOX4 or GEMOX systemic che-
motherapy as first-line therapy for advanced hepatocellular 
carcinoma or biliary tract cancer. J Clin Oncol. 2019;37:4074.

	101.	 Knox J, Cheng A, Cleary S, et al. A phase 3 study of durvalumab 
with or without bevacizumab as adjuvant therapy in patients 
with hepatocellular carcinoma at high risk of recurrence after 
curative hepatic resection or ablation: EMERALD-2. Ann 
Oncol. 2019;30:iv59-iv60.

	102.	 Magalhaes I, Carvalho-Queiroz C, Hartana CA, et al. Facing the 
future: challenges and opportunities in adoptive T cell therapy 
in cancer. Expert Opin Biol Ther. 2019;19:811-827.

	103.	 Rohaan MW, Wilgenhof S, Haanen JBAG. Adoptive cel-
lular therapies: the current landscape. Virchows Arch. 
2018;474:449-461.

	104.	 Wang Z, Cao YJ. Adoptive cell therapy targeting neoantigens: a 
frontier for cancer research. Front Immunol. 2020;11:176.

	105.	 Guedan S, Ruella M, June CH. Emerging cellular therapies for 
cancer. Annu Rev Immunol. 2019;37:145-171.

	106.	 Hendrickson PG, Olson M, Luetkens T, et al. The promise of 
adoptive cellular immunotherapies in hepatocellular carci-
noma. Oncoimmunology. 2020;9:1673129.

	107.	 Mizukoshi E, Kaneko S. Immune cell therapy for hepatocellu-
lar carcinoma. J Hematol Oncol. 2019;12:52.

	108.	 Tagliamonte M, Mauriello A, Cavalluzzo B, et al. Tackling he-
patocellular carcinoma with individual or combinatorial im-
munotherapy approaches. Cancer Lett. 2020;473:25-32.

	109.	 Jiang S-S, Tang Y, Zhang Y-J, et al. A phase I clinical trial utilizing 
autologous tumor-infiltrating lymphocytes in patients with pri-
mary hepatocellular carcinoma. Oncotarget. 2015;6:41339-41349.

	110.	 Feins S, Kong W, Williams EF, et al. An introduction to chime-
ric antigen receptor (CAR) T-cell immunotherapy for human 
cancer. Am J Hematol. 2019;94:S3-S9.

	111.	 Newick K, O'Brien S, Moon E, et al. CAR T cell therapy for solid 
tumors. Annu Rev Med. 2017;68:139-152.

	112.	 Rafiq S, Hackett CS, Brentjens RJ. Engineering strategies to 
overcome the current roadblocks in CAR T cell therapy. Nat 
Rev Clin Oncol. 2020;17:147-167.

	113.	 Gardner A, de Mingo PÁ, Ruffell B. Dendritic cells and their 
role in immunotherapy. Front Immunol. 2020;11:924.

	114.	 Liu JKH. Anti-cancer vaccines – a one-hit wonder? Yale J Biol 
Med. 2014;87:481-489.

	115.	 Mastelic-Gavillet B, Balint K, Boudousquie C, et al. Personalized 
dendritic cell vaccines – recent breakthroughs and encouraging 
clinical results. Front Immunol. 2019;10:776.

	116.	 Wculek SK, Cueto FJ, Mujal AM, et al. Dendritic cells in can-
cer immunology and immunotherapy. Nat Rev Immunol. 
2019;20:7-24.

	117.	 Sadeghzadeh M, Bornehdeli S, Mohahammadrezakhani H, 
et al. Dendritic cell therapy in cancer treatment; the state-of-
the-art. Life Sci. 2020;254:117580.

	118.	 Cao J, Kong F-H, Liu XI, et al. Immunotherapy with den-
dritic cells and cytokine-induced killer cells for hepatocel-
lular carcinoma: a meta-analysis. World J Gastroenterol. 
2019;25:3649-3663.

	119.	 Chen C, Ma Y-H, Zhang Y-T, et al. Effect of dendritic cell-based 
immunotherapy on hepatocellular carcinoma: a systematic re-
view and meta-analysis. Cytotherapy. 2018;20:975-989.

	120.	 El Ansary M, Mogawer S, Elhamid SA, et al. Immunotherapy 
by autologous dendritic cell vaccine in patients with advanced 
HCC. J Cancer Res Clin Oncol. 2013;139:39-48.

	121.	 Palmer DH, Midgley RS, Mirza N, et al. A phase II study of 
adoptive immunotherapy using dendritic cells pulse with tumor 
lysate in patients with hepatocellular carcinoma. Hepatology. 
2009;49:124-132.

	122.	 Tagliamonte M, Petrizzo A, Mauriello A, et al. Potentiating 
cancer vaccine efficacy in liver cancer. Oncoimmunology. 
2018;7:e1488564.

	123.	 Buonaguro L, Mayer-Mokler A, Accolla R, et al. HepaVac-101 
first-in-man therapeutic cancer vaccine phase I/II clinical 
trial for hepatocellular carcinoma patients. J Clin Oncol. 2018;​
36(15_suppl):TPS3135.



      |  591LIU et al.

	124.	 Cao G-D, He X-B, Sun Q, et al. The oncolytic virus in cancer 
diagnosis and treatment. Front Oncol. 2020;10:1786.

	125.	 Fukuhara H, Ino Y, Todo T. Oncolytic virus therapy: a new era 
of cancer treatment at dawn. Cancer Sci. 2016;107:1373-1379.

	126.	 Hemminki O, dos Santos JM, Hemminki A. Oncolytic viruses 
for cancer immunotherapy. J Hematol Oncol. 2020;13:84.

	127.	 Lawler SE, Speranza M-C, Cho C-F, et al. Oncolytic viruses in 
cancer treatment. JAMA Oncol. 2017;3:841-849.

	128.	 Andtbacka RHI, Kaufman HL, Collichio F, et al. Talimogene 
laherparepvec improves durable response rate in patients with 
advanced melanoma. J Clin Oncol. 2015;33:2780-2788.

	129.	 Jebar AH, Vile RG, Melcher AA, et al. Progress in clinical on-
colytic virus-based therapy for hepatocellular carcinoma. J Gen 
Virol. 2015;96:1533-1550.

	130.	 Yoo SY, Badrinath N, Woo HY, et al. Oncolytic Virus-Based 
Immunotherapies for hepatocellular carcinoma. Mediators 
Inflamm. 2017;2017:1-12.

	131.	 Breitbach C, Bell JC, Hwang T-H, et al. The emerging thera-
peutic potential of the oncolytic immunotherapeutic pexa-vec 
(JX-594). Oncolytic Virother. 2015;4:25-31.

	132.	 Moehler M, Heo J, Lee HC, et al. Vaccinia-based oncolytic 
immunotherapy pexastimogene devacirepvec in patients 
with advanced hepatocellular carcinoma after sorafenib 

failure: a randomized multicenter phase IIb trial (TRAVERSE). 
Oncoimmunology. 2019;8:1615817.

	133.	 Abou-Alfa GK, Galle PR, Chao Y, et al. PHOCUS: a phase 3 ran-
domized, open-label study comparing the oncolytic immuno-
therapy pexa-vec followed by sorafenib (SOR) vs SOR in patients 
with advanced hepatocellular carcinoma (HCC) without prior 
systemic therapy. J Clin Oncol. 2016;34(15_suppl):TPS4146.

	134.	 Oh CM, Chon HJ, Kim C. Combination immunotherapy using 
oncolytic virus for the treatment of advance solid tumors. Int J 
Mol Sci. 2020;21:7743.

	135.	 Sivanandam V, LaRocca CJ, Chen NG, et al. Oncolytic viruses 
and immune checkpoint inhibition: the best of both worlds. 
Mol Ther Oncolytics. 2019;13:93-106.

	136.	 Li Y, Shen Y, Zhao R, et al. Oncolytic virotherapy in hepato-
bilio-pancreatic cancer: the key to breaking the log jam? Cancer 
Med. 2020;9:2943-2959.

How to cite this article: Liu JKH, Irvine AF, 
Jones RL, Samson A. Immunotherapies for 
hepatocellular carcinoma. Cancer Med. 
2022;11:571–591. doi:10.1002/cam4.4468

https://doi.org/10.1002/cam4.4468

