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Abstract
Tumor immunity proceeds through multiple processes, 
which consist of antigen presentation by antigen 
presenting cells (APCs) to educate effector cells and 
destruction by the effector cytotoxic cells. However, 
tumor immunity is frequently repressed at tumor sites. 
Malignantly transformed cells rarely survive the attack 
by the immune system, but cells that do survive change 
their phenotypes to reduce their immunogenicity. 
The resultant cells evade the attack by the immune 
system and form clinically discernible tumors. Tumor 
microenvironments simultaneously contain a wide variety 
of immune suppressive molecules and cells to dampen 
tumor immunity. Moreover, the liver microenvironment 
exhibits immune tolerance to reduce aberrant immune 
responses to massively-exposed antigens via the portal 
vein, and immune dysfunction is frequently associated 
with liver cirrhosis, which is widespread in hepatocellular 
carcinoma (HCC) patients. Immune therapy aims 
to reduce tumor burden, but it is also expected to 
prevent non-cancerous liver lesions from progressing 
to HCC, because HCC develops or recurs from non-
cancerous liver lesions with chronic inflammatory 
states and/or cirrhosis and these lesions cannot be 
cured and/or eradicated by local and/or systemic 
therapies. Nevertheless, cancer immune therapy should 
augment specific tumor immunity by using two distinct 
measures: enhancing the effector cell functions such as 
antigen presentation capacity of APCs and tumor cell 
killing capacity of cytotoxic cells, and reactivating the 
immune system in immune-suppressive tumor micro
environments. Here, we will summarize the current 
status and discuss the future perspective on immune 
therapy for HCC.
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Core tip: Hepatocellular carcinoma (HCC) develops or 
recurs from non-cancerous liver lesions with chronic 
inflammatory states and/or cirrhosis, and these lesions 
cannot be cured and/or eradicated by local and/or drug 
therapies. Immune therapy may be effective for HCC 
treatment by preventing non-cancerous liver lesions from 
progressing to HCC as well as reducing tumor burdens. 
However, tumor immunity is frequently depressed in 
tumor sites, particularly in liver microenvironment, which 
is prone to exhibit immune tolerance, to reduce aberrant 
immune responses to massively-exposed antigens via  
portal veins. At present, cancer immune therapy employs 
two distinct strategies; enhancing the effector cell 
functions and unleashing the immune suppressive tumor 
microenvironments. Here, we will summarize the current 
status and discuss the future perspective on immune 
therapy for HCC.

Mukaida N, Nakamoto Y. Emergence of immunotherapy 
as a novel way to treat hepatocellular carcinoma. World J 
Gastroenterol 2018; 24(17): 1839-1858  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v24/i17/1839.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v24.i17.1839

INTRODUCTION
Hepatocellular carcinoma (HCC) is ranked as the sixth 
most common malignancy and is the third leading cause 
of cancer-related mortality worldwide[1]. Despite recent 
progress in prevention and diagnosis, many HCC cases 
are still diagnosed at an advanced stage, for which there 
are few effective and/or curative treatment options, and 
as a consequence, their prognosis remains poor. These 
circumstances necessitate the development of a novel 
therapeutic strategy for HCC, particularly for HCC at 
advanced stages.

HCC ensues from chronic liver diseases, particularly 
liver cirrhosis, arising from various risk factors including 
chronic hepatitis B- or C-virus infection, aflatoxin B1 
exposure, excessive alcohol consumption, and occur
rence of non-alcoholic fatty liver. Other independent risk 
factors include tobacco use[2], diabetes[3], and obesity[4]. 
In conjunction with the declining incidence of HBV 
and HCV infections, non-alcoholic fatty liver disease is 
becoming an important cause of HCC in the advanced 
economies, as the number of patients suffering from 
metabolic syndromes is rapidly increasing in these 

countries[4]. 
All these etiologic conditions cause sustained infla

mmatory reactions, consisting of persistent oxidative 
stress, sustained hepatocyte necrosis and regeneration, 
and fibrotic changes[5]. These events can lead to HCC 
development through the accumulation of somatic ge
netic alterations and epigenetic modifications in various 
passenger and driver genes, and these changes have 
been extensively clarified with the advent of next-
generation sequencing technology (Figure 1)[6]. Aberrant 
telomerase reverse transcriptase (TERT) activation is 
observed in about 70% of HCC cases, arising from its 
promoter mutation and amplification, and viral genome 
integration[7]. Thus, TERT activation and subsequent 
telomerase reactivation can be a key event in malignant 
transformation, leading to unrestrained proliferation of 
HCC cells[8]. Inactivating mutations are also frequently 
observed in CTNB1 (about 30%), which codes for 
β-catenin[7]. Moreover, inactivating mutations are 
detected in other members of the WNT pathway, such 
as AXIN1 (11%), AXIN2 (1%), ZNRF3 (3%), or APC 
(1%). Inactivating mutations of TP53 are also frequently 
observed in HCC (~30% of cases) but are rarely 
detected together with CNTB1 mutations, suggesting 
that distinct molecular pathways are responsible for 
HCC evolution. Additional mutations are observed in 
genes involved in other pathways including chromatin 
remodeling, PI3K/AKT/mammalian target of rapamycin 
(mTOR) signaling, Ras/MAPK signaling, JAK/STAT 
signaling, and oxidative stress pathways[6]. 

DNA copy number alterations are also frequently 
observed with broad genomic deletions at 1p, 4p-q, 6q, 
8p, 13p-q, 16p-q, 17p, 21p-q, 22q, and gains at 1q, 
5p, 6p, 8q, 17q, 20q, Xq[6,7,9]. Recurrent homologous 
deletions involve various genes including AXIN1, 
CDKN2A/CDKN2B, CFH, IRF2, MAP2K3, PTEN, RB1, and 
RPS6KA3[6]. In contrast, broader DNA gains affect JAK3, 
MET, and MYC[6] while focal amplifications at 11q13 and 
6p21 lead to the amplification of FGF3/4/19/CCDN1[10] 
and VEGFA[11], respectively. Focal amplification of FGF19 
is associated with tumor progression[10] and that of 
VEGFA confers a high sensitivity to sorafenib, the first-
line treatment for advanced HCC[11]. 

A substantial proportion of HBV-infected patients 
develop HCC even when fibrotic changes are absent 
in the liver[12], suggesting that HBV can be directly 
oncogenic. A non-structural HBV protein, HBx protein, 
is proposed to act as an oncogene based on its in vitro 
capacity to modulate cell cycle, signaling pathways, and 
DNA repair in hepatocytes[13], but evidence for direct 
transforming activity of HBx is scarce. Like other DNA 
viruses, HBV can cause insertional mutagenesis[12], 
which can induce DNA deletions at the integration 
sites, thereby promoting chromosomal instability and 
inactivation of tumor suppressor genes. Moreover, 
integration of the HBV genome into loci with enhancer 
and promoter activities can modulate the expression and 
function of the genes near the integration sites, and can 
eventually promote clonal proliferation and malignant 
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Cell cycle control
   TP53  mutation (30%)
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WNT signaling
   CTNB1  mutation (30%)
   AXIN1  mutation (11%)
   ZNFR3  mutation (3%)
   APC  mutation (1%)
   AXIN2  mutation (1%)

PI3K/MTOR signaling
   TSC2  mutation (5%)
   TSC1  mutation (3%)
   DAPK1  mutation (3%)
   PIK3CA mutation (2%)
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JAK/STAT signaling
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   JAK1  mutation (1%)

Oxidative stress
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RAS/MAPK signaling
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   NTRK3  mutation (3%)
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Figure 1  Mutational landscape of hepatocellular carcinoma. The figure was made by modifying the original figure in Ref. 7. Gain and loss of function events are 
indicated by red color and with underlines, respectively.

transformation[12]. Thus, the differences in integration 
sites can profoundly impact the types of the affected 
genes and subsequent molecular pathological changes.

Knowledge of molecular changes in HCC has ex
panded rapidly with the advent of gene technology, 
particularly next-generation sequencing technology, but 
has not been efficiently translated into clinical practice. A 
major reason is that the types of mutated driver genes 
and associated pathways differ considerably in each HCC 
case. These heterogeneities can hinder the identification 
and/or selection of target molecule(s) to develop 
molecular target drugs. Immunotherapy can overcome 
this problem, because it can enhance anti-tumor activity 
of the host cells, irrespective of the molecules and the 
signal pathways involved in hepatocarcinogenesis. In 
this review, we will discuss the present status and future 
perspectives on immunotherapy for HCC. The other 
clinical aspects of HCC including drug therapy have been 
reviewed in several other recent articles[1,14,15]. 

TUMOR IMMUNITY
Evasion of the immune system is now acknowledged 
as the key event necessary for the transformation of 
normal cells into malignant cells and their subsequent 
survival[16]. The immune system can sculpt cancer cells 
through a complicated mechanism called immunoediting 
(Figure 2)[17]. At the elimination phase, transformed 
cells are destroyed by immune cells such as cytolytic 
lymphocytes (CTLs) and natural killer (NK) cells, but 
resistant tumor cells sporadically appear and constantly 
change their phenotypes in the presence of the im
mune system. As a consequence, at the equilibrium 
phase, tumor cells reduce their immunogenicity and 
simultaneously escape the immunemediated killing 
mechanisms, thereby forming clinically appreciable 
tumor formation at the escape phase. Moreover, immune 

response can be dampened by immunoregulatory 
cells including regulatory T cells (Treg) and myeloid-
derived suppressive cells (MDSCs) - cells that are 
abundant at tumor sites. The liver is constantly exposed 
to high levels of various antigens via the portal vein. 
Consequently, in order to prevent autoimmune liver 
injury, the liver microenvironment constantly exhibits 
potent immunosuppression[18]. Furthermore, immune 
dysfunction is frequently associated with liver cirrhosis[19], 
which is widespread in HCC patients. Moreover, cirrhosis 
can be a basis of HCC but cannot be completely 
removed, even after curative locoregional therapy with 
surgery, radiofrequency ablation (RFA), or transarterial 
chemoembolization (TACE)[1]. Thus, in addition to 
eradicating tumor mass, immunotherapy should aim to 
prevent the recurrence of HCC after curative locoregional 
therapy[20]. 

Immunotherapy approaches for HCC can be summa
rized in two ways: Activation of cytotoxic cell functions 
and correction of depressed immune functions inherent 
in HCC (Figure 3)[21]. Among the cytotoxic cells, CD8-
positive CTLs are the most effective for specifically 
detecting and killing tumor-associated antigen (TAA)-
expressing cancer cells. Antigen-presenting cells (APCs), 
particularly DCs, degrade exogenous and endogenous 
TAAs to be loaded on major histocompatibility complex 
(MHC) class Ⅰ and class Ⅱ, respectively (Figure 4). 
CD8-positive CTLs and CD4-positive helper T cells 
recognize the TAA-derived peptide on MHC class Ⅰ and 
class Ⅱ, respectively (Figure 4). In order to promote T 
cell survival, APCs simultaneously deliver co-stimulatory 
signals using several pathways including CD80/CD86-
CD28 and CD40-CD40 ligand pathways (Figure 4)[22]. 

Antigen presentation efficiency can be improved 
by administering TAA-derived peptides, and/or the 
transfer of APCs, particularly DCs, which are loaded 
with or without TAA-derived peptides (Figure 3). These 
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Figure 2  Cellular mechanisms underlying immunoediting. At the elimination phase, newly-appearing cancer cells can be recognized and killed by a number of 
immune cells, particularly natural killer (NK) cells, and CD8+ and CD4+ T cells. At the equilibrium phase, variant cancer cells arise that are less immunogenic, and 
consequently more resistant to being killed by immune cells. Over time, a variety of different cancer variants develop. At the escape phase, one variant may finally 
escape the killing mechanism or recruit immunosuppressive cells such as Tregs and MDSCs, and eventually form an appreciable tumor mass. MDSC: Myeloid-
derived suppressive cell.
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Figure 3  Strategies of immune therapy. Immune therapy can be classified to two types, promotion of immune effector cell function and reversal of depressed 
anti-tumor immunity. Immune effector cell function can be enhanced by peptide vaccine, DC-based vaccine, and adoptive transfer of effector cells including tumor-
infiltrating lymphocytes (TILs), T cell receptor (TCR)-modified T cells, chimeric antigen receptor (CAR) T cells, natural killer (NK) cells, NKT cells, and cytokine-
activated killer cells (CIKs). Depressed anti-tumor immunity can be reversed by the blockade of immune checkpoint pathways and immune suppressor cells including 
regulatory T cells (Tregs) and myeloid-derived suppressor cells (MDSCs).
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measures are named tumor vaccine therapy, as a whole. 
Adoptive immune therapy consists of transferring a 
large number of CTLs with T cell receptors recognizing 
specifically TAAs and/or other cytotoxic cells like NK cells 
into patients (Figure 3). With these maneuvers, the cells 
are obtained in most cases from patients and expanded 
ex vivo. The resultant cells are adoptively transferred to 
patients, sometimes after genetic modifications.

APCs prime T cells with the help of co-stimulatory 
molecules: CD80/86 on APCs and CD28 on T cells[22]. 

Simultaneously, a co-inhibitory molecule, CTL antigen-4 
(CTLA-4) on T cells interacts with CD80/86 on APCs 
to dampen T cell activation (Figure 5A). Following the 
priming phase, CD8-positive CTLs are activated to exert 
cytotoxicity against foreign materials including tumor cells 
by using perforin, granzymes, and Fas ligand[23]. During 
this effector phase, T cell activation can be negatively 
regulated by co-inhibitory molecules expressed on APCs 
and other somatic cells including tumor cells[24]. One 
representative pathway is the programmed cell death 

Antigen-presenting cells including
Dendritic cells

e.g. ,
CD80/CD86

MHC class Ⅰ

e.g. ,
CD80/CD86

MHC class  Ⅱ

e.g. ,
CD28

CD8
CD4

e.g. ,
CD28

TAA-derived peptide

T cell receptor

Co-stimulatory
moleculesCD8+

T cell

Survival

Activation

CD4+

T cell

Survival

Activation

Figure 4  Tumor-associated antigen presentation of antigen-presenting cells to T cells. Endogenous antigens are degraded to peptides and loaded on MHC 
class Ⅱ on APCs to be presented to the CD4+ T cells, while exogenous antigens are degraded to peptides and loaded on MHC class Ⅰ to be presented to the CD8+ T 
cells. These pathways deliver activation signals to corresponding T cells. However, full activation and subsequent survival require the co-stimulatory signals delivered 
by several pathways including the CD80/CD86-CD28 pathway. In the absence of co-stimulatory signals, T cells become unresponsive to the antigen, a condition 
called anergy. TAA: Tumor-associated antigen; APCs: Antigen-presenting cells.

A B

APCs
MHC
class Ⅰ

APCs
Tumor cells, etc .

PD-L1/L2

PD-1
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CD80/CD86CD80/CD86
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Figure 5  Mechanism underlying immune functions of CTLA-4 and PD-1-PD-L pathways. A: CTLA-4 has a higher binding affinity to CD80/CD86 than the co-
stimulatory signal molecule CD28. As a consequence, CTLA-4 competitively antagonizes the stimulatory signal, which the interaction between CD80/86 and CD28 
generates at the priming phase of T cells. B: The PD-L1/L2-PD-1 interaction interferes with T cell activation signals in the effector phase.
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(PD)-1-PD ligand 1(PD-L1)/PD-L2 pathway (Figure 5B), 
which often works in the tumor microenvironment. 
Thus, immune checkpoint therapy can restore immune 
responses to tumors by suppressing these co-inhibitory 
pathways, leading to the control of tumor growth and/or 
its regression (Figure 3)[25]. With a main focus on the 
observations obtained from human clinical trials, we will 
discuss the immune therapy for HCC in the next chapter.

CURRENT AND EMERGING 
IMMUNOTHERAPY APPROACHES
Promotion of immune effector cell functions
Peptide vaccine therapy: α-fetoprotein (AFP) is a 
well-known TAA in HCC and is used as a tumor peptide 
vaccine. A phase Ⅰ clinical trial demonstrated that all six 
tested patients generated CD8-positive T-cell responses 
to the peptides as measured by direct IFN-γ enzyme-
linked immunospot (ELIspot) and MHC class Ⅰ tetramer 
assays[26]. Specific CD8-positive T cell response may be 
augmented by the use of AFP conjugated with heat shock 
protein (HSP)70[27], HSP72[27], or glycoprotein 96[28], 
as revealed by studies using mouse AFP-expressing 
tumors. Butterfield and colleagues further examined the 
efficacy of AFP-pulsed DC transfer and demonstrated 
that six out of the ten subjects generated significant 
AFP-positive T cell responses to the administered 
peptides, although nine showed progressive disease[26]. 
The lack of apparent clinical responses can be attributed 
to the presence of an expanded pool of partially 
differentiated but non-functional AFP-specific CD8-
positive T cells and the absence of CD4-positive T cell 
responses in AFP-positive HCC patients[29]. 

The high prevalence of TERT overexpression in HCC 
(Figure 1)[7] incited the use of TERT-derived peptides as 
a tumor vaccine for HCC patients. A phase Ⅱ clinical trial 
was conducted to examine the efficacy of a TERT-derived 
peptide vaccine in patients with advanced HCC when 
it was administered together with cyclophosphamide 
and GM-CSF[30]. The treatment increased specific T cell 
responses and decreased Foxp3-positive Tregs. Vaccine 
administration was well tolerated, and about half of 
the patients remained in stable condition six months 
after the treatment but without any complete or partial 
response to the treatment. Mizukoshi and colleagues 
also examined the efficacy of subcutaneous injection of 
TERT-derived peptide emulsified in incomplete Freund’s 
adjuvant in 14 HCC patients[31]. The vaccination induced 
an increase in TERT-specific T cells with the effector 
memory phenotype and the capacity to produce multiple 
cytokines in ten patients. Moreover, eight out of the ten 
patients with TERT-specific immunity did not show 
relapse, whereas all patients without TERT-specific 
immunity recurred. Thus, vaccination with TERT-derived 
peptide may be effective to prevent recurrence, which is 
frequently observed after locoregional therapy.

Another candidate molecule for tumor vaccination 
is an oncofetal antigen, glypican-3 (GPC3), which is 

expressed in the embryonic liver but scarcely expressed 
in the normal adult liver, and is overexpressed in HCC[32]. 
A phase Ⅰ/Ⅱ clinical trial of GPC3-derived peptide vacci
nation was conducted on 11 patients with advanced 
HCC[33]. Vaccination induced GPC3-specific CTLs that 
infiltrated into the tumor. These CTLs were present in the 
tumor tissues as well as peripheral blood, as revealed 
by sequencing T cell receptor genes of tumor-infiltrating 
lymphocytes (TILs). Moreover, the frequency of GPC3-
specific CTL after vaccination was correlated with overall 
survival. These observations imply the efficacy of GPC3-
derived peptide vaccination for advanced-stage HCC. 
Moreover, repeated vaccination with GPC3-derived 
long peptide (LP) induced LP-specific and HLA class 
Ⅱ-restricted CD4+ cell responses in 14 of 20 vaccinated 
HCC patients[34]. Moreover, the presence of specific 
helper CD4+ cells was correlated with prolonged overall 
survival.

Additional molecules have been proposed as can
didates for peptide vaccine therapy. Aspartate-β-
hydroxylase (ASPH) is also overexpressed in HCC and 
ASPH-derived peptides induced during T cell activation 
in vitro in both an HLA class Ⅰ- and class Ⅱ-restricted 
manner when peripheral blood mononuclear cells 
from HCC patients were used[35]. Administering 
an adenovirus vector expressing HBx protein was 
effective at both protective and therapeutic antitumor 
immunity in hepatoma models in immune-competent 
mice[36], suggesting its efficacy against HBV-positive 
HCC. Moreover, the treatment induced infiltration of 
CD8+ T cells, which mainly mediated its antitumor 
effects. Annexin A3 (ANXA3) expression is enhanced 
in the CD133-expressing cancer stem-like/initiating 
cell (CSC/CIC) population, compared with the non-
CSC/CIC population of HCC[37]. Moreover, HCC CSC/
CICs were preferentially killed by T cells primed with 
ANXA3-transfected DCs. Likewise, antigen-specific T 
cell responses against HCC were generated when T 
cells were primed with New York esophageal squamous 
cell carcinoma-1 (NYESO1) protein-loaded DCs[38], 
suggesting the potential of NYESO1-derived peptides as 
a tumor vaccine.

To date, vaccination with TAA-derived peptides has 
yielded a marginal clinical benefit in HCC patients, similar 
to the results reported in other types of cancer[39]. This 
may arise mainly from its suboptimal immunogenicity 
and the tolerogenic tendency of intrahepatic DCs[18]. 
The former can be overcome by improving antigen se
lection and vaccine formulation, while the latter may 
be solved by adoptive transfer of DCs pulsed with 
TAAs. Peptide vaccination alone may not be able to de-
repress immunosuppressive tumor microenvironments, 
but immune checkpoint therapy can abolish T cell 
dysfunction in HCC tissues and eventually can enhance 
specific T cell responses to tumor antigens. Hence, 
the combination of a peptide vaccine and immune 
checkpoint therapy will warrant detailed analysis in the 
future. Moreover, preclinical studies using mouse models 
demonstrated the potential efficacy of other types of 
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vaccines such as RNA-based adjuvants[40], DC-derived 
exosomes[41], or an attenuated Listeria vaccine that can 
express HCC-specific antigens[42]. 

DC-based vaccine therapy: DCs are a professional 
APC and can initiate and maintain T cell-mediated 
immune responses when they are pulsed with anti
gens[43]. In addition to T cells, DCs can also activate NK 
cells[44]. However, DC-induced immunity is frequently 
repressed in tumor sites, arising from multiple mecha
nisms including a low number of DCs in tumor sites, 
the low antigen-presenting capacity of DCs, and poor 
access of DCs to tumor antigens[43]. A low number 
of DCs can be overcome by administering ex vivo 
expanded DCs from peripheral blood mononuclear 
cells (PBMCs), which are stimulated with combinations 
of various cytokines such as granulocyte-macrophage 
colony-stimulating factor (GM-CSF) and interleukin-4 
(IL-4). Moreover, the additional stimuli such as Toll-like 
receptor (TLR) agonists, are required for generating 
mature DCs with a potent antigen-presenting capacity, 
and several measures are proposed to circumvent poor 
access of DCs to tumor antigens: Pulsing with tumor 
lysates, TAAs, or TAA-derived peptide; transfection of 
DNA constructs encoding TAAs; and fusion with tumor 
cells[43]. 

A phase Ⅱ clinical trial was conducted to investigate 
the safety and efficacy of intravenous vaccination 
with autologous DCs pulsed ex vivo with a liver tumor 
cell line lysate (HepG2) in advanced HCC patients[45]. 
The treatment was well tolerated, and in the patients 
who received at least three vaccine infusions ELIspot 
assay demonstrated the induction of T cell responses 
to vaccines and/or AFP and about 25% of patients 
showed a partial response or stable disease condition, 
as revealed by serological AFP determination or radio
logical examination.

Several groups reported DC-based vaccination using 
AFP as a TAA. A phase Ⅰ/Ⅱ clinical trial examined the 
effect of intradermal injection of AFP-derived peptide-
pulsed DCs, which were prepared from autologous 
adherent PBMCs cultured with GM-CSF and IL-4[46]. The 
same group further reported that six of the ten tested 
subjects exhibited statistically significantly expanded 
levels of AFP-specific T cells. In addition to T cells, the 
transfer of AFP-derived peptide-primed DCs enhanced 
NK cell activation and decreased Treg frequencies in 
vaccinated HCC patients[47]. However, the priming of 
DCs with peptides was not efficient, and therefore, in 
order to efficiently pulse DCs, AFP gene transduction 
into DCs was attempted using viral vectors such as 
lentivirus[48] or adeno-associated virus (AAV) vectors[49]. 
Adoptive transfer of lentivirus-transduced DCs induced 
superior anti-tumor Th1 polarization in a preclinical 
model, compared with peptide-pulsed DCs[48]. MHC 
class Ⅰ and class Ⅱ and co-stimulatory molecules were 
expressed to a similar extent on recombinant AAV/AFP-
pulsed and cancer cell lysate-pulsed DCs. However, 
recombinant AAV/AFP-pulsed DCs exhibited superiority 

over cancer cell lysate-pulsed DCs in terms of their 
capacity to stimulate proliferation of T cells, to induce T 
cells to secrete IFN-γ, and to generate an AFP-specific 
MHC class Ⅰ-restricted CTL response in a preclinical 
study[49]. Thus, the use of viral vectors may be able to 
prime DCs more efficiently than TAA-derived peptides 
to activate CTL.

Fifteen patients with advanced HCC were treated 
with intradermal vaccination of mature autologous 
DCs pulsed with cell lysates of a human HCC cell line, 
HepG2[50]. The treatment increased CD8-positive T 
cells in peripheral blood and serum IFN-γ levels. Overall 
survival was improved with partial radiological response 
in two patients, stable course in nine patients, but 
progressive disease in four patients. DCs transfected 
with HepG-2 hepatoma cell-derived RNA could induce 
CTLs to specifically kill HepG2 cells in vitro, and injection 
of T lymphocytes from HCC patients and transfected 
DCs was effective in a preclinical study using severe 
combined immunodeficiency mice[51]. In another clinical 
trial, autologous DCs were pulsed with patient-derived 
irradiated tumor cell lines established from surgically 
resected tumor tissues[52]. After one course of TACE, 
tumor cell-primed DCs suspended in GM-CSF were 
administered subcutaneously three times at one-week 
intervals. The treatment was well tolerated, without 
exacerbation of HBV infection[52]. 

In another clinical trial, DCs were generated from 
PBMCs in the presence of GM-CSF and IL-4, and pulsed 
with cytoplasmic transduction of peptide-attached 
recombinant fusion proteins consisting of three TAAs: 
AFP, GPC3, and MAGE-1[53]. A phase Ⅰ/Ⅱ clinical trial 
demonstrated that T cell response and clinical benefit 
were observed when subcutaneous injection of the 
resultant DCs near the inguinal lymph node was followed 
by topical application of a TLR-7 agonist. Lee and 
colleagues reported the results obtained from a similar 
phase Ⅰ/Ⅱ clinical trial using DCs pulsed with AFP, GPC3, 
and MAGE-1 although they did not administer a TLR-7 
agonist[54]. They observed similarly enhanced anti-tumor 
immune responses after DC vaccination, particularly in 
recurrence-free patients, as evidenced by lymphocyte 
proliferation and IFN-γ ELIspot assays. The median 
time to tumor progression was 36.6 mo in the DC-
vaccination group and 11.8 months in the control group. 
Favorable results prompted the same group to conduct a 
randomized phase Ⅱ trial on 156 HCC patients who were 
treated for HCC with no evidence of residual tumors 
after standard therapeutic modalities[55]. Tumor-specific 
immune responses were significantly enhanced in the 
immunotherapy group, but with a higher frequency 
of overall adverse events, which are mainly mild to 
moderate in severity. The recurrence-free survival was 
not significantly different between the immunotherapy 
and control groups. However, DC immunotherapy 
significantly reduced the risk of tumor recurrence in the 
non-RFA group patients but unexpectedly increased the 
risk of recurrence in the RFA group. Baseline serum IL-15 
was statistically correlated with prolonged recurrence-
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free survival within the immunotherapy groups[55]. Thus, 
DC immunotherapy may be effective for HCC patients 
who are treated with standard treatment modalities but 
not RFA.

Another TAA, heat-shock protein (HSP) 70, was 
used to prime DCs, based on its overexpression in HCV-
related HCC. DCs transfected with HSP70 mRNA were 
administered intradermally in a phase Ⅰ clinical trial on 
12 advanced HCC patients[56]. The trial demonstrated 
that the treatment was well tolerated, with complete 
response without any recurrence in two patients, stable 
disease in five, and progression of disease in five.

TACE can induce HCC cells to die and release high 
levels of TAAs, which can be internalized, degraded, 
and presented to immune cells by APCs including 
DCs. As a consequence, following TACE, tumor immu
nity can be enhanced. Supporting this notion, we ob
served that AFP-specific T cell frequency was further 
increased in HCC patients receiving TACE, and that the 
increment was enhanced by simultaneous transarterial 
administration of DCs[57]. Our subsequent clinical trial 
further demonstrated that the co-infusion of mature 
DCs into tumor sites following TACE, was well tolerated 
in advanced HCC patients and prolonged recurrence-
free survival of patients, compared with the historical 
controls[58]. 

Nevertheless, the clinical response to adoptive DC 
transfer is still not satisfactory, and, as a consequence, 
several measures have been devised to augment the 
efficacy of the adoptive DC transfer. Several groups 
proposed the priming of DC with other antigens, such 
as hepatocellular carcinoma-associated antigen-519/
targeting protein for Xkl-2 (HCA519/TPX2)[59], epithelial 
cell adhesion molecule (EpCAM)[60], or ANAXA3[37]. 
Since EpCAM and ANAXA3 are selectively expressed 
in CSCs/CICs, the priming of DCs with these antigens 
may be effective to kill CSCs/CICs that are rather 
resistant to standard therapies such as chemotherapy 
and/or molecular targeted therapy. Moreover, in order 
to enhance immunostimulating activities of DCs, other 
groups have tried to transfect DCs with the genes of 
immunostimulating cytokines, such as IL-2[61] or IL-12,[62] 
in preclinical or in vitro studies. The other measure 
includes the combined administration of effector cells like 
cytokine-activated killer cells (CIKs) with antigen-pulsed 
DCs, as we discuss in the following section.

Adoptive transfer of immune effector cells: Several 
immune effector cells are adoptively transferred cell 
to enhance tumor immunity; Two types of T cells are 
commonly used for adoptive cell therapy to enhance 
tumor immunity: TILs, genetically modified T cells, NK 
cells, natural killer T (NKT) cells, and CIKs, TILs (Figure 
3).

TILs are considered to have a higher specific immu
nological reactivity against tumor cells than the non-
infiltrating lymphocytes, and evidence is accumulating 
to indicate the potential role of TILs as biomarkers 
reflecting the immune response to the tumor[63]. TILs are 

obtained from surgically obtained tumor specimens and 
are expanded ex vivo with anti-CD3 antibody treatment 
before being transferred back to patients[64]. Adoptive 
cell therapy using TILs can be effective for metastatic 
melanoma[65], but no clinical trials are in progress to 
evaluate the adoptive transfer of TILs for HCC, probably 
due to the difficulty in obtaining a sufficient number of 
TILs during surgical resection of HCC.

T cells can be genetically engineered to express a T 
cell receptor (TCR) against a specific TAA (Figure 6)[66]. 
Metastatic melanoma was treated with adoptive transfer 
of autologous T cells with a modified TCR recognizing 
a melanocyte-differentiating antigen (MART-1), and 
the treatment resulted in long-term persistence of 
infused cells and tumor regression in two out of 17 pa
tients[67]. The adoptive transfer of T cells expressing a 
higher-affinity TCR caused a better benefit, with tumor 
regressing in six out of 20 patients[68]. Subsequently, 
several phase Ⅰ clinical trials were conducted to eval
uate the efficacy of adoptive transfer of autologous T 
cells, which are genetically modified to express a TAA-
specific T cell receptor, and some favorable results 
have been reported involving melanoma, colorectal 
cancer, synovial cell sarcoma, and multiple myeloma to 
date[66]. With these results, two phase Ⅰ/Ⅱ clinical trials 
are now in progress to evaluate the adoptive transfer 
of T cells with a modified TCR, which can recognize 
HBV antigens, in HCC patients with HBV infection 
(NCT026863712, 02719782). One additional phase Ⅰ 
clinical trial is also recruiting participants to evaluate 
the safety and anti-tumor activity of autologous T cells 
expressing TCRs specific for AFP in advanced HCC 
patients (NCI03132792). Nevertheless, further progress 
in TCR-modified T cell therapy requires the identification 
of additional TAAs, the comprehensive elucidation of the 
structure of TCRs that specifically recognize TAAs, and 
improvements in genetic engineering of TCRs.

Another type of genetically modified T cell utilizes 
the chimeric antigen receptor (CAR) gene, which is 
prepared by fusing the transmembrane and cytoplasmic 
domains of CD3ζ with the antigen-binding portion of 
an antibody that can recognize a particular TAA (Figure 
7)[69] The generated CAR gene is transduced to T cells, 
mostly with the help of a lentivirus vector. The resultant 
CAR T cells can deliver activating signals once they bind 
with a specific TAA using the antigen-binding domain of 
their extracellular portions. In order to enhance their in 
vivo persistence and function, CAR genes were further 
modified by adding one or two co-stimulator domains 
derived from co-stimulatory molecules such as CD28, 
4-1BB, and OX-40 (Figure 7)[69]. At the end of 2017, 
the Food and Drug Administration (FDA) had approved 
two distinct CAR T cell therapies using modified CARs to 
treat acute lymphoblastic leukemia and large B-cell lym
phoma. These groundbreaking successes have spurred 
research to apply CAR T cell therapy to solid tumors 
including HCC, beyond hematological malignancy.

GPC3 was frequently used as a target for CAR T 
cells, since it is expressed abundantly in HCC cells[32]. 
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The CAR gene was generated by fusing the anti-GPC3 
single chain variable region (scFv), CD8α hinge, CD28 
transmembrane and intracellular signaling domain, 

4-1BB, and CD3ζ[70]. The resultant GPC3-targeted CAR T 
cells could effectively kill GPC3-positive HCC cells, but not 
GPC3-negative cells, in vitro. Moreover, GPC3-targeted 
CAR T cells eradicated HCC xenografts with a high level 
of GPC3 expression, and efficiently suppressed the 
growth of HCC xenografts with a low GPC3 expression 
level, in a preclinical mouse model. Similar observations 
were observed on T cells with GPC3-specific CARs that 
encoded CD3ζ with costimulatory domains derived 
from CD28, 4-1BB, or CD28 and 4-1BB[71]. These 
observations promoted two phase Ⅰ clinical trials to 
examine the safety of anti-GPC3 CAR T cell transfer into 
HCC patients (NCT02395250, NCT02723942). These 
studies have been completed but the results are not yet 
available.

In order to reduce off-tumor toxicity, Chen and 
colleagues prepared dual-targeted CAR T cells coex
pressing GPC3 and asialo-glycoprotein receptor 1 
(ASGR1) (a liver tissue-specific protein)-targeted CARs 
containing both CD28 and 4-1BB signaling domains, 
and proposed that dual-target T cells can reduce the 
risk of off-tumor toxicity while maintaining relatively 
potent antitumor activities for GPC3+ASGR1+ HCC[72]. 
Moreover, CAR T cells were generated to target 
EpCAM[73] and mucin 1[74], and phase Ⅰ clinical trials are 
in progress to evaluate their safety (NCT03013712 and 
NCT02587689).
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Collectively, CAR T therapy for HCC is still in its 
infancy and requires further progress in many aspects: 
Selection of appropriate TAAs, enhancement of the 
binding affinity of CAR to TAAs, improvement of traffick
ing of CAR T cells to tumor site, and prolongation of in 
vivo survival of CAR T cells. Advances in these aspects 
are required for the clinical application of CAR T cells for 
HCC therapy.

Human NK cells express CD56 but not CD3, and are 
a major player in innate immunity involved in defense 
against both cancers and some virus-infected cells[75]. 
NK cells express germline-encoded activating and inhi
bitory receptors, and the balance between these two 
distinct types of receptors determines NK cell function. 
Activating receptors bind ligands on the target cells and 
induce cell lysis, whereas inhibitory receptors recognize 
MHC class Ⅰ molecules that normal cells abundantly 
express, and eventually inhibit cytotoxicity exerted by 
activating receptors[76]. NK cells can kill target cells by 
releasing cytotoxic granules or utilizing death-inducing 
receptors including Fas ligand and tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL)[75]. Moreover, 
antibody-dependent cell-mediated cytotoxicity (ADCC) 
is exerted mainly by NK cells[77]. Furthermore, although 
NK cells were once considered to lack memory capacity, 
accumulating evidence indicates that NK cells can exert 
immunological memory[78]. Due to these properties, NK 
cells can be a potent candidate cell type for immune 
therapy.

Autologous highly purified NK cells can be an ideal 
candidate, but their low number in peripheral blood 
precludes their use. NK cells possess killer inhibitory 
receptors, which can inhibit NK cell responses to the 
cells expressing the same MHC class Ⅰ[76]. Thus, NK 
cells can kill only the cells that do not express their own 
MHC class Ⅰ. As a consequence, allogenic NK cells can 
kill cancer cells expressing different MHC class Ⅰ more 
efficiently than autologous NK cells, which share MHC 
class Ⅰ with the cancer cells[79]. One clinical trial has been 
conducted to examine the efficacy of adoptive NK cell 
transfer for preventing HCC recurrence after curative 
therapy, but with no results available (NCT02008929).

Liver NK cells can express TRAIL more abundantly 
upon activation and can exhibit stronger killing activity 
against HCC, compared with circulating NK cells[80]. 
Moreover, evidence is accumulating to indicate few 
cytotoxic effects of TRAIL on normal cells including 
hepatocytes[81]. Actually, adoptive transfer of IL-2-
stimulated NK cells obtained from donor livers increased 
an antitumor response against HCC in recipients, who 
were treated with a liver transplant from a live donor, 
without causing any injury in normal hepatocytes[82]. 
These promising results paved the way to initiate a 
phase Ⅰ clinical trial to examine the feasibility and safety 
of IL-2-activated NK cells obtained from cadaveric donor 
liver grafts when they were adoptively transferred to 
liver transplant recipients with HCC (NCT01147380). No 
severe adverse effects were observed in the 18 patients 
who received liver NK cells, indicating the safety of the 

treatment.
NKT cells are specialized CD1d-restricted T cells that 

recognize lipid antigens to stimulate both innate and 
adaptive immune cells in the tumor microenvironment, 
once activated[83]. In a mouse preclinical model, adoptive 
transfer of either NKT cells pulsed with HCC-derived 
antigens or NKT cells obtained from immunized donors 
resulted in complete disappearance of tumors within 
four weeks and attenuated weight loss, together with 
increased serum IFN-γ, IL-12, and IL-4 levels[84]. These 
promising results led to the initiation of a phase Ⅰ clinical 
trial using autologous NKT cells to treat HCC, but the 
results are not yet available (NCT010801852).

CIKs are non-MHC-restricted cytotoxic cells, which 
are expanded ex vivo from PBMCs stimulated with anti-
CD3 antibody, IL-2, and IFN-γ, and can even exhibit 
potent in vivo anti-tumor effects[85]. CIKs are T cells 
that have acquired the natural cytotoxic potential of 
NK cells[86]. Thus, the cells can recognize tumor cells 
by using mainly the natural killer group 2 member D 
(NKG2D) receptor, and eventually kill them without 
a prior exposure or priming[87,88]. CIKs have typical 
phenotypes, characteristic of terminally differentiated 
CD8+ effector memory cells, and simultaneously reco
gnize target cells in a MHC class Ⅰ-restricted manner[86]. 
A meta-analysis was conducted on 11 clinical trials with 
CIK cells for solid tumors including HCC and gastric 
cancer[89]. The treatment was well tolerated, with a low 
incidence of severe adverse effects. Of the 384 patients 
where a clinical response was reported, 24 patients 
showed a complete response, 27 patients showed a 
partial response, 40 patients showed a minor response, 
161 patients had stable disease, and 129 patients had 
progressive disease. Disease-free survival rates were 
significantly higher in patients treated with CIK cells 
than those in the control group without CIK treatment. 
A decrease in tumor volume was only described in three 
patients. Interestingly, a reduction of hepatitis B virus 
load was described in patients undergoing treatment with 
CIK cells. These promising results spurred the application 
of CIK-based immunotherapy to HCC treatment. To date, 
eight randomized clinical trials (RCTs), six prospective 
studies, and three retrospective studies have been 
reported[90]. A meta-analysis of these studies revealed 
that CIK treatment increased survival rate as a whole, 
but without any significant prolongation of progression 
free-survival. Moreover, patients in the CIK cell-treatment 
group had lower rates of relapse even in RCTs. To 
date, two phase Ⅲ clinical trials using CIKs have been 
completed (NCI00769106, 01749865) but the results are 
not yet deposited in the database. In order to enhance 
the efficacy of adoptive transfer of CIKs, patients 
with HCC were treated with RFA and three courses of 
immunotherapy, which consisted of the co-injection of 
CIKs with immature or tumor cell lysate-pulsed DCs[91]. 
The treatment was well-tolerated, while CD4+CD25high 
Tregs decreased with a reciprocal increase in CD8+CD28- 
effector cells one month after the treatment, but no 
differences were observed six months after treatment. 
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A phase Ⅰ/Ⅱ clinical trial is now in progress to evaluate 
the combination of CIKs, DCs, and anti-PD-1 antibody for 
HCC treatment (NCT02886897).

Reversal of T cell dysfunction
T cells can induce tumor regression upon recognizing 
TAAs expressed by tumor cells[92], but tumors frequently 
progress even in the presence of abundant TAA-specific 
CTLs in tumor tissues[93]. This paradoxical tumor growth 
can arise from multiple immune suppressive pathways 
that impair the function of CTLs present in tumor 
tissues[94]. The most notable immune suppressive mech
anisms are immune checkpoint pathways, which include 
CTLA-4, PD-1-PD-L1/PD-L2, CD47-singal regulatory 
protein-α (SIRPα), lymphocyte activation gene 3 
(LAG-3), T-cell immunoglobulin mucin-3 (Tim-3), T-cell 
tyrosine-based B and T lymphocyte attenuator (BTLA), 
and inhibitory motif domain (TIGHT) (Figure 8)[24]. 
These pathways can dampen T cell activation through 
ligand-receptor interactions. Moreover, T cell response 
can also be negatively regulated by several types of 
resident cells present in the tumor microenvironment, 
such as Tregs and myeloid-derived suppressor cells 
(MDSCs)[94]. 

The concept of tumor immunotherapy has been 
drastically changed by the clinical success of CTLA-4 and/
or PD-1-PD-L1/PD-L2 blockade in treating several types 
of advanced solid tumors. As a consequence, unleashing 
the immunosuppressive tumor microenvironment 
becomes a potential therapeutic measure to enhance 

tumor immunity. In the next sections, we discuss 
immune checkpoint therapy and the potential of im
mune suppressive cell blockade as a novel type of im
munotherapy.

Immune checkpoint therapy: Cancer cells or other 
resident cells in the tumor microenvironment express 
various ligands that inhibit or stimulate immune activity, 
and these ligands bind their corresponding receptors on 
immune cells, thereby modulating immune responses[94]. 
The ligand-receptor pairs are denoted as immune 
checkpoints (Figure 8), which control effector T cell- and 
NK cell-responses at multiple steps from priming by 
APCs to activation[24]. Based on accumulating evidence to 
indicate the presence of T cell dysfunction in the tumor 
microenvironment, a novel type of immunotherapy, 
immune checkpoint therapy, has been proposed to 
reverse T cell dysfunction through unleashing immune 
suppression mediated by inhibitory immune checkpoint 
pathways. Due to their remarkable effectiveness ob
served on several types of cancers, the FDA has already 
approved the antagonistic antibodies targeting two 
immune checkpoint pathways - CTLA-4 and PD-1-PD-L1/
PD-L2 - for cancer treatment[95]. 

CTLA-4 is expressed on T cells and has greater 
affinity for CD80 and CD86, the molecules that are 
expressed on APCs and can bind the co-stimulatory 
molecule CD28 (Figure 5A)[96]. The interaction be
tween CD28 and CD80/86 is indispensable for T cell 
activation, particularly at the priming phase. CTLA-4 
can interfere with the interaction between CD80/CD86 
and CD28, thereby rendering T cells unresponsive to an 
antigen. Moreover, Tregs can inhibit immune responses 
using CTLA-4 expressed on their surface[97]. Thus, 
an antagonistic anti-CTLA-4 antibody was clinically 
evaluated in advanced melanoma patients, and it elicited 
enhanced immune responses, with a clinical response 
in a substantial proportion of patients[95]. This promising 
observation spurred a phase Ⅰ clinical trial using an anti-
CTLA-4 monoclonal antibody (tremelimumab) for HCC 
patients with chronic HCV infection (NCT01008358)[98]. 
Tremelimumab was well tolerated, without any severe 
adverse effects except an intense, but transient, 
elevation of transaminases after the first dose in some 
patients. Specific anti-HCV immunity was enhanced 
with a significant drop in viral load, but new emerging 
variants of the hypervariable region 1 of HCV replaced 
the predominant variants present before therapy. The 
partial response rate was 17.6% and the disease control 
rate was 76.4% with time to progression of 6.48 mo. 
Another phase Ⅰ clinical trial evaluated the efficacy 
of tremelimumab for advanced HCC patients when 
combined with TACE or RFA (NCT01853618)[99]. No dose-
limiting toxicities were reported. Of the 19 evaluable 
patients, five achieved a confirmed partial response. After 
the treatment, viral load was reduced markedly in 12 of 
14 patients with HCV infection. Moreover, at six months 
after the treatment, tumor biopsies showed an apparent 
increase in CD8+ T cells restricted to the patients showing 
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a clinical benefit. Six and 12-mo probabilities of tumor 
progression-free survival were estimated to be 57.1% 
and 33.1%, respectively, with median time to tumor 
progression of 7.4 mo and median overall survival of 
12.3 mo. Additionally, one phase Ⅰ/Ⅱ clinical trial is in the 
process of recruitment to examine the efficacy of anti-
CTLA-4 antibody in combination with ablative therapy 
(NCT02821754). Nevertheless, a large-scale phase Ⅲ 
clinical trial is required to validate these observations.

In contrast to CTLA-4, the PD-1-PD-L1/PD-L2 path
way dampens T cell activation mainly at its effector 
phase (Figure 5B)[100]. PD-1 is expressed on a wide 
variety of immune cells, including activated CD4+ and 
CD8+ T cells, B cells, NK cells, monocytes, and DCs. 
PD-L1 is expressed on a wide variety of cells, includ
ing non-hematopoietic cells such as endothelial cells, 
mesenchymal stem cells, and corneal cells, as well 
as hematopoietic cells such as T and B cells, DCs, 
macrophages, and mast cells. On the contrary, PD-L2 
expression is restricted to activated DCs, macrophages, 
and mast cells. Moreover, PD-L1, as well as PD-L2, is 
expressed on various tumor cells. As a consequence, in 
the tumor microenvironment, the interaction between 
PD-1 and PD-L1/PD-L2 can dampen T cell receptor-
mediated signaling pathways to inhibit T cell activation 
and subsequent antitumor immunity[100].

Immunohistochemical analysis demonstrated an 
increased expression of PD-1 and PD-Ls in HCC tissues, 
with PD-1 expression in liver-infiltration lymphocytes 
and PD-L1 and PD-L2 expression in non-parenchymal 
liver cells and tumor cells[101]. Moreover, PD-L1 expres
sion was significantly correlated with hepatitis B 
virus infection and with HCC stage. Consistently, the 
expression of PD-Ls positively correlates with FoxP3+ 
Treg infiltration but not granzyme B-expressing CTL 
infiltration, suggesting that PD-L expression contributes 
to immunosuppression in HCC tissues[102]. Moreover, a 
higher expression of PD-L1 and PD-L2 in HCC tissues 
has been associated with poorer prognosis. Together 
with a good safety and substantial clinical responses to 
the treatment with anti-PD-1 or anti-PD-L antibodies in 
patients with several types of solid tumors, particularly 
non-small cell lung carcinoma[103,104], these observations 
provide a rationale for initiating a clinical trial using anti-
PD-1 or anti-PD-L1/PD-L2 antibody for HCC treatment.

A Phase Ⅰ/Ⅱ clinical trial was conducted with the 
support from Bristol-Myers Squibb to evaluate the 
safety and efficacy of anti-PD-1 monoclonal antibody 
(nivolumab) for histologically confirmed advanced HCC 
patients, who were included regardless of complicated 
HCV or HBV infection, and previous sorafenib treat
ment[105]. A total of 262 eligible patients were treated with 
48 patients in the dose-escalation phase and 214 in the 
dose-expansion phase, and 202 (77%) of 262 patients 
have completed treatment. During dose escalation, 
nivolumab showed a manageable safety profile, including 
acceptable tolerability and 3 mg/kg every two weeks was 
chosen as a dosage for dose expansion. The objective 
response rate in the dose-expansion phase was 20%, at 

similar levels when a single administration of nivolumab 
was given for other types of solid tumors[100]. A 
phase Ⅰ/Ⅱ clinical trial has just started to evaluate 
another anti-PD-1 monoclonal antibody, pembrolizumab, 
for HCC (NCT 02702414).

The promising results have encouraged the initiation 
of several phase Ⅲ clinical trials for HCC patients (Table 
1). A phase Ⅲ clinical trial was conducted to compare 
the efficacy of nivolumab with that of sorafenib as a 
first-line therapy (NCT 02576509), but the results are 
not yet available. Recently, another phase Ⅲ clinical trial 
was started to investigate if nivolumab would improve 
recurrence-free survival, compared with placebo in HCC 
patients who have undergone complete resection or 
have achieved a complete response after local ablation, 
and who are at high risk of recurrence (NCT03383458). 
Additionally, a phase Ⅲ trial of pembrolizumab (MK-3475) 
was conducted in patients with advanced HCC who 
were systemically treated previously (NCT02702401). 
The primary objectives of this study were to determine 
progression-free survival and overall survival of pem
brolizumab plus best supportive care (BSC) compared 
with placebo plus BSC. The following phase Ⅲ trial 
was planned to determine the efficacy and safety of 
pembrolizumab or placebo given with BSC in Asian 
patients with HCC (NCT03062358). In Japan, a phase 
Ⅲ, randomized, open-label, multicenter, global study 
was designed to compare the efficacy and safety of 
tislelizumab (BGB-A317) versus sorafenib as a first-line 
systemic treatment in patients with unresectable HCC 
(NCT03412773). This study also includes a substudy 
investigating the safety, tolerability, pharmacokinetics, 
and preliminary efficacy in HCC in Japanese patients.

Other immune checkpoint pathways are proposed to 
be candidates for immune checkpoint therapy (Figure 8). 
SIPRα is a unique immune checkpoint molecule expressed 
on myeloid cells, particularly on macrophages but not 
lymphoid cells, and binds CD47, which is expressed 
abundantly on various types of cancer cells[106]. The 
CD47-SIRPα interaction can inhibit macrophage function, 
including its phagocytosis capacity, and therefore, 
CD47 blockade promotes macrophage phagocytosis 
of cancer cells[107]. Moreover, several preclinical studies 
demonstrated that CD47 blockade reduces tumor growth 
by enhancing macrophage phagocytosis and inducing 
macrophage phenotype change from pro-tumorigenic 
M2 to pro-inflammatory and anti-tumorigenic M1 
states[108-110]. These promising results spurred the devel
opment of various agents targeting the CD47-SIRPα axis, 
including humanized anti-CD47 monoclonal antibody, 
SIRPα fused with and human IgG1 Fc portion, and SIRPα 
variant protein, and the clinical trials using these agents 
have been initiated[106]. However, these clinical trials are 
still in the process of patient enrollment.

Treg and anergic T cells abundantly express LAG-3, 
which binds a nonholomorphic region of MHC class 
Ⅱ with greater affinity than CD4 and thereby can 
negatively regulate CD4+ cell proliferation and cytokine 
production[111]. Phase Ⅰ clinical trials were conducted 
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has low prediction accuracy. Other candidate biomarkers 
include intratumoral lymphocyte infiltrates and genetic 
markers such as oncogenic mutations, mismatch repair 
deficiency, and mutation loads[120,121]. Most HCC cases 
develop in the presence of chronic inflammation, which 
can cause innumerable genetic mutations (Figure 1). 
Thus, genome-wide analysis on HCC genetics may be 
helpful to determine which patients can respond well 
to immune checkpoint therapy. Furthermore, recent 
clinical trials revealed that patient HLA class Ⅰ genotype 
influences the response to the treatment with anti-
CTLA-4 and ani-PD-1 antibodies in melanoma and lung 
cancer patients[122]. Maximal heterozygosity at HLA 
class Ⅰ and the HLA-B44 supertype was associated 
with a favorable response, whereas the HLA-B62 
supertype or somatic loss of HLA class Ⅰ heterozygosity 
was associated with poor outcome. A good response 
in patients with the HLA-B44 supertype suggests 
the possibility of improving the efficacy of immune 
checkpoint therapy by introducing a neoantigen-based 
therapeutic vaccine.

Another way to enhance the efficacy of immune 
checkpoint therapy is the combined administration 
with other treatment modalities, such as radiotherapy, 
chemotherapy, or molecular targeted therapies[123]. 
Especially, radiotherapy can cause the abscopal effect, 
where localized radiation-induced tumor cell death can 
induce anti-tumor responses against tumors at other 
sites[124]. Immune checkpoint therapy may be able 
to augment radiotherapy-induced abscopal effects, 
and several clinical trials were initiated to evaluate 
the combined treatment of anti-PD-1 antibody with β 
irradiation in HCC patients(NCT03033446, 02837029, 
03099564). Moreover, phase Ⅰ/Ⅱ clinical trials are now 
evaluating the combined treatment of the anti-PD-1 
antibody with anti-angiogenic agents (NCT02572687, 
03006926, 02856425, 02942329, 02988440) or 
molecular targeted therapies (NCT02423343, 02859324, 
03095781, 02474537, 02325739) in HCC patients. 
However, the results are not yet available.

Each immune checkpoint therapy acts at a distinct 
phase of the immune response to the tumor[123] 
and therefore, the combination of different immune 
checkpoint therapies are proposed or being evaluated 
to treat various types of cancers. However, at present, 
four phase Ⅰ/Ⅱ (NCT01658878, 02519348, 02821754, 
03222076) and one phase Ⅲ clinical trial (NCT03298451) 
are in progress to evaluate the combined administration 
of anti-CTLA-4 with either anti-PD-1 or anti-PD-L1 
antibody in patients with HCC.

Immune checkpoint therapy can reverse tumor-
induced T cell exhaustion, but impaired DC function 
can depress T cell priming and activation, thereby 
reducing T cell trafficking to tumor cells[125]. Thus, the 
supplementation of DC vaccine therapy may be able to 
enhance the effectiveness of immune checkpoint therapy.

Collectively, immune checkpoint therapy can be a 
promising therapeutic modality for HCC treatment and/
or prevention of its recurrence after curative local and 

regional therapy, but its clinical application may require 
an additional thorough analysis to select optimal patients 
and determine efficient co-administration methods.

Blockade of immune suppressor cells: Tregs and 
MDSCs are two distinct types of hematopoietic cell-
derived immunosuppressive cells present in tumor 
tissues. Tregs express a transcription factor, FoxP3, 
and can suppress aberrant T cell-mediated immune 
responses against TAAs as well as self-antigens through 
several mechanisms[126]. Tregs display abundantly high-
affinity IL-2 receptor α chain (CD25), which can bind IL-2 
to limit its amount available to effector T cells, thereby 
attenuating effector T cell activation and proliferation. 
Tregs constitutively express CTLA-4 to depress CD80/
CD86-mediated co-stimulatory signals and secrete 
immune suppressive mediators including IL-10 and 
transforming growth factor (TGF)-β. A detrimental role 
of Tregs was suggested by an inverse correlation of 
intratumoral Tregs with overall survival in patients with 
various types of cancers including HCC[127,128]. Thus, 
reducing the number of intratumoral Tregs and/or dam
pening their function may be effective to enhance tumor 
immunity.

The reduction of intratumoral Tregs was achieved 
in several mouse models by treating with an anti-
CD25 antibody, and this reduction was associated with 
depressed tumor growth[129]. Moreover, anti-tumor effects 
were synergistically enhanced by co-administration 
with an anti-PD-1 antibody. However, the efficacy of the 
anti-CD25 antibody awaits validation in clinical trials. 
In other mouse models, intratumoral Tregs and tumor 
growth were reduced also by treating with an antibody 
for the chemokine receptor CCR4, which is abundantly 
expressed on Tregs[130]. The observations were translated 
into a phase Ⅰ clinical trial which is in progress to 
evaluate the combination of anti-CCR4 antibody and 
anti-PD-1 antibody for various solid tumors except HCC 
(NCT02946671). Tregs and CD8+ effector cells express 
glucocorticoid-induced TNF receptor (GITR), and its 
triggering can abrogate the suppressive activity of Treg 
cells but co-stimulate responder T cells[131]. Consistently, 
GITR activation can eradicate established tumors in 
several mouse preclinical models[132,133]. Consequently, 
several phase Ⅰ/Ⅱ clinical trials are now in progress to 
evaluate the combined treatment of an agonistic anti-
GITR antibody or a GITR agonist with other immune 
checkpoint inhibitors, such as an anti-PD-1 antibody, for 
several types of solid tumors, but not HCC[134].

Another immunosuppressive cell type present 
abundantly in tumor tissues is MDSCs, which are a he
terogeneous population of myeloid cells with potent 
immune regulatory activity that are generated during 
cancer and chronic inflammation[135]. MDSCs consist of 
two large groups of cells: polymorphonuclear (PMN)-
MDSCs and monocytic (M)-MDSCs, which represent 
immature neutrophils and a pathological state of activ
ation of monocytes, respectively. In humans, PMN-
MDSCs share many surface phenotypes with neutrophils, 
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but exhibit a lower density than neutrophils. M-MDSCs 
exhibit similar surface phenotypes as monocytes do, but 
do not express MHC class Ⅱ and CD11c, in contrast with 
monocytes[135]. Evidence is accumulating to indicate the 
association of a high frequency of intratumoral MDSCs 
with poor clinical outcomes in patients with various types 
of cancers[136,137]. We also observed that the frequency 
of MDSCs in HCC patients was significantly increased, 
and was correlated with tumor progression, but not 
with the degree of liver fibrosis and inflammation[138]. 
Moreover, the frequency of MDSCs after treatment was 
inversely correlated with recurrence-free survival time in 
HCC patients who received curative RFA therapy. These 
observations promoted the evaluation of treatments 
targeting MDSCs. 

Indeed, treatment with several chemotherapeutic 
drugs including gemcitabine[139], 5-fluorouracil[140], and 
anthracyclines[141], decreased intratumoral MDSCs and 
attenuated tumor growth in several preclinical mouse 
models. Similar observations were obtained from pre
clinical models when administered with selective PI3-
kinase δ/γ inhibitors[142] or a JAK2/STAT3 inhibitor[143]. 
Moreover, an antibody against the chemokine receptor 
CXCR2 inhibited MDSC trafficking to tumors and en
hanced anti-PD-1-mediated anti-tumor effects, also in 
a mouse preclinical model[144]. These promising results 
spurred the initiation of more than 40 phase Ⅰ/Ⅱ 
clinical trials to evaluate therapies targeting MDSCs in 
various types of cancers, including one trial on HCC 
(NCT03203005).

To date, various maneuvers have been proposed to 
target Tregs and MDSCs as tumor immunotherapies, 
but their efficacy requires validation through human 
clinical trials.

FUTURE PERSPECTIVES
Various immune therapeutic modalities have been 
proposed to eradicate or reduce tumor burden and/or 
to prevent recurrence after successfully removing a 
primary tumor in HCC patients. Promising results have 
been obtained from preclinical and/or phase Ⅰ clinical 
trials to evaluate various types of immune therapies for 
HCC patients, as discussed here. However, to date, only 
immune checkpoint therapy using an anti-PD-1 antibody 
has produced favorable outcomes in phase Ⅱ clinical 
trials, and these outcomes need validation in large-scale 
RCTs.

Adoptive immune cell therapy has several hurdles to 
overcome before its clinical application to HCC treatment. 
The first one deals with the preparation of cell populations 
used for adoptive transfer. At present, cell preparation 
has not been standardized, and, therefore, it is difficult 
to compare the results reported by different research 
teams. Moreover, several papers described the results 
obtained from cell populations prepared under conditions 
not in compliance with the good manufacturing practice 
(GMP) conditions. Thus, the cells should be prepared in 
a standardized manner and under GMP conditions to be 

used in large-scale RCTs.
The problem inherent in immune therapy is that it can 

stabilize disease status for a long period without reducing 
tumor burden, in contrast with the effects exerted by 
chemotherapy and/or radiotherapy. Moreover, one object 
of immune therapy for HCC is the prevention of tumor 
recurrence after a successful local and regional therapy. 
Thus, it is absolutely necessary to contrive a measure 
to evaluate immune therapy for HCC from a standpoint 
distinct from that used to assess chemotherapeutics.

Immune dysfunction can arise in cancer patients at 
multiple levels including depressed antigen presentation, 
reduced effector T cell function, and immunosuppressive 
tumor microenvironments, and therefore, these results 
suggest distinct mechanisms responsible for immune 
suppression present in individual cancer patients. 
These heterogeneities may account for the efficacy of 
a single type of immune therapy in a limited proportion 
of patients. Thus, the combination of several distinct 
modalities may synergistically augment the effectiveness 
of immune therapy and future studies should explore 
this. Alternatively, this finding may arise from the pres
ence of several different patient cohorts who respond 
differentially to a specific immune therapy. If so, it is 
necessary to detect the good-responder cohort by 
identifying a biomarker to predict the responsiveness to 
each immune therapeutic modality.

Collectively, immune therapy for HCC is still in its 
infancy. However, most HCC can develop repetitively 
from chronic inflammatory lesions and/or cirrhosis in 
non-cancerous liver portions, and recurrence has a 
great impact on the long-term prognosis of patients with 
HCC[1]. However, these lesions cannot be eliminated by 
other therapies at all, and only immune therapy can 
prevent these non-cancerous tissues from progressing 
into HCC. Thus, it is absolutely necessary to expand 
immune therapies for HCC to prevent HCC recurrence, 
and to eventually improve prognosis in patients with 
HCC.
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