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Abstract
Hepatocellular carcinoma (HCC) is a highly aggressive malignant disease, with a
poor clinical prognosis. Many standard therapies are often considered for HCC
treatment today; however, these conventional therapies often fail to achieve
sufficiently effective clinical results. Today, HCC therapy is set to undergo a
major revolution, owing to rapid developments in cancer immunotherapy,
particularly immune checkpoint inhibitor therapy. Cancer immunotherapy is a
novel and promising treatment strategy that differs significantly from
conventional therapies in its approach to achieve antitumor effects. In fact, many
cancer immunotherapies have been tested worldwide and shown to be effective
against various types of cancer; HCC is no exception to this trend. For example,
we identified a specific cancer antigen called glypican-3 (GPC3) and performed
clinical trials of GPC3-targeted peptide vaccine immunotherapy in patients with
HCC. Here, we present an overview of the immune mechanisms for development
and progression of HCC, our GPC3-based immunotherapy, and immune
checkpoint inhibitor therapy against HCC. Finally, we discuss the future
prospects of cancer immunotherapy against HCC. We believe that this review
and discussion of cancer immunotherapy against HCC could stimulate more
interest in this promising strategy for cancer therapy and help in its further
development.

Key words: Hepatocellular carcinoma; Cancer immunotherapy; Immune checkpoint
inhibitor; Glypican-3; Cancer vaccine; Clinical trials; Cytotoxic T-lymphocytes
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Core tip: Hepatocellular carcinoma (HCC) is a highly aggressive malignant disease, with
a poor prognosis. Recent developments and advances in cancer immunotherapy,
particularly immune checkpoint inhibitor therapy, could lead to a major paradigm shift in
standard HCC therapy. This review aims to provide an overview of novel
immunotherapies, including antigen-based immunotherapies such as glypican-3-targeted
immunotherapy, and immune checkpoint inhibitor therapy against HCC. It also discusses
the future prospects of cancer immunotherapy against HCC.

Citation: Akazawa Y, Suzuki T, Yoshikawa T, Mizuno S, Nakamoto Y, Nakatsura T.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common causes of cancer-related
death[1]. Approximately 750000 people are affected and about 700000 result in death in
worldwide  every  year;  the  incidence  is  particularly  high  in  Asia  and  Africa[2,3].
Infections with hepatitis B virus (HBV) and hepatitis C virus (HCV), which induce the
formation of chronic inflammatory microenvironments in the liver, are considered
major risk factors for HCC[4]. Other factors, including alcohol intake, obesity, diabetes,
and exposure to aflatoxin, have also been implicated in the cause and progression of
HCC[5]. Early detection can ensure better clinical results for patients with HCC, as
evidenced by the high 5-year survival rate (more than 70%) for early-stage HCC
patients[6]. In contrast, most late-stage HCC patients show poor prognosis, with a 5-
year survival rate of less than 16%[6,7]. One of the causes of making early diagnosis of
HCC difficult is the existence of background liver of patients including chronic liver
inflammation and cirrhosis,  which makes it  difficult  to obtain clear images from
ultrasonography, computerized tomography (CT), and magnetic resonance imaging
(MRI). Furthermore, highly accurate biomarkers for early-stage HCC detection have
not yet been established[8]. Also, patients with HCC have higher recurrence rates than
those with other solid cancers; as HCC is initiated from injured hepatocytes, even
after  tumor  removal,  the  patient  has  a  high  risk  of  recurrence  as  long  as  the
background liver disease persists. Therefore, these above factors make HCC one of the
most aggressive diseases, with poor survival prognosis.

Currently, there are various options for HCC therapy, depending on the clinical
stage.  Surgical  hepatic  resection  and  radiofrequency  ablation  therapy  (RFA)  is
considered as ideal for early-stage HCC patients, who have adequate liver function
and no evidence of portal hypertension or vascular invasion[9-13]. For early-stage HCC
patients  with  relatively  poor  liver  function,  liver  transplantation  is  an  effective
therapeutic procedure[14]. Also, many reports have demonstrated the effectiveness of
RFA  and  transarterial  embolization  (TAE)  for  HCC  patients.  However,  these
conventional  strategies  are  limited  by  considerations  of  tumor  size,  number  of
intrahepatic metastases, and adequate hepatic reserve capacity; they are therefore
unsuitable  for  many patients[15,16].  Meanwhile,  for  patients  with  advanced HCC,
transcatheter arterial chemoembolization and molecular targeted drugs have been
conducted. Systemic chemotherapy, which is other treatment method, and has been
reported to show a high frequency of adverse events and strong tolerance, with poor
clinical effectivity[17]. Molecular targeted therapy, one of the more modern strategies, is
based on specific  molecular attributes of  cancer types.  Sorafenib,  an inhibitor  of
tyrosine kinase, is the first molecular targeted drug against HCC that is approved by
the Food and Drug Administration (FDA). Indeed, in a phase-III  clinical trial for
advanced HCC, patients who received sorafenib had better overall survival (OS) than
placebo-treated patients (10.7 mo vs 7.9 mo)[18-21]. However, because of its low response
rate for HCC patients and the relatively high incidence of adverse events, sorafenib
may  not  be  the  most  suitable  strategy  for  HCC  therapy[18-20,22,23].  Today,  the
development of other molecular targeted drugs is under way[24,25]. Indeed, as novel
molecular targeted drug against HCC, Regorafenib and Lenvatinib were approved by
the FDA in April 2017 and August 2018, respectively. In any case, the development of
a new therapeutic strategy of HCC with adequate antitumor effect and few adverse
events would be urgent[26,27].
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In recent years, immunotherapy has attracted a lot of attention from both basic
scientists and clinicians as a promising new method of cancer therapy. It has been
demonstrated that several  immunotherapies have high antitumor effects  against
various  cancer  types,  including  malignant  melanomas  and  hematological
malignancies[28,29]. Also, immunotherapy could theoretically be ideal for HCC therapy,
as: (1) it exerts antitumor effects through mechanisms different from those of existing
therapies;  and (2)  it  produces  recurrence  prevention effects  along with  curative
effects[30-32]. Indeed, immunotherapy against HCC has been studied for decades[33,34],
and  many  clinical  trials  have  been  performed  on  HCC  patients[35,36].  Several
randomized  controlled  trials  have  established  the  use  of  immunotherapy  as  an
adjuvant therapy to reduce the risk of cancer recurrence[37-39]. Therefore, it is almost
certain that immunotherapy will be one of the major options for HCC therapy in the
near future. Here, we introduce novel immunotherapeutic strategies for HCC therapy,
including immune checkpoint inhibitor therapy; we also elaborate on immunotherapy
using GPC3, which is a cancer-specific antigen we identified (Figure 1). We believe
this review could awaken more interest in immunotherapy for HCC, which would
help improve the survival prognosis of HCC patients.

IMMUNE RESPONSE AND IMMUNE ESCAPE IN HCC
The liver has a role as a lymphatic system of the whole body, and HCC occurring in
these tissues often has properties different from other cancers. Commonly, most HCC
patients have a background of chronic hepatitis or liver cirrhosis. Liver cirrhosis is
often a highly genotoxic environment with persistent inflammation and fibrosis,
which could promote  the  onset  of  HCC.  Generally,  HCC is  a  malignant  disease
induced by inflammation; the carcinogenesis of HCC usually involves DNA oxidative
injury accumulated under a sustained inflammatory environment caused by HBV,
HCV, or other factors.

During the development and progression of HCC, patients show a unique anti- or
pro-tumor response[29].  Previously,  it  had been reported that  patients  with HCC
showed  spontaneous  T-cell  response  to  many  tumor  antigens,  including  alpha
fetoprotein (AFP), glypican-3 (GPC3), NY-ESO-1, SSX-2, MAGE-A-10, and p53[40-46].
However, the anti-tumor effects of these immune responses are not sufficient to cause
tumor regression or  inhibit  disease  progression.  Several  mechanisms have been
proposed  to  explain  this  phenomenon.  First,  there  would  be  a  change  in  the
expression levels of major histocompatibility complex (MHC) class I, which plays a
role  in  antigen  presentation  to  cytotoxic  T-lymphocytes  (CTLs).  Indeed,  the
downregulation  of  MHC  class  I  has  been  reported  in  many  advanced  cancers,
including HCC[47-49]. However, changes in the expression levels of HLA class I have
not been consistent in previous studies, and remain unclear. In addition, a decrease in
the  expression  of  co-stimulatory  molecules  B7-1  and  B7-2  has  been  reported  in
HCC[50].  Second, there would be excessive activation of immunosuppressive cells,
including  regulatory  T-cells  (Tregs)  and bone  marrow-derived  suppressor  cells
(MDSCs)[51].  Tregs  are  the  most  well-known  players  in  cancer  evasion  from
immunosurveillance.  In  fact,  Tregs  have  been  shown  to  suppress  anti-tumor
immunity[52,53]. Patients with HCC have increased number of Treg in peripheral blood
mononuclear  cells  (PBMCs) and tumor-infiltrating lymphocytes  (TILs),  which is
correlated  with  disease  progression  and  poor  prognosis[54-56].  MDSCs  are  the
heterogeneous cell population of early bone marrow progenitor cells; they suppress
the cytotoxic activity of NK cells and adaptive immune responses mediated by CD4+
and CD8+ T-cells. Specifically, MDSCs have been reported to induce the production
of  Foxp3 and interleukin-10 in  CD4+  T-cells  through arginase  activity;  they also
suppress T-cell function through the induction of Tregs. In addition, the frequency of
MDSCs in the peripheral blood is positively correlated with the risk of recurrence of
HCC in patients who received RFA therapy[57]. Third, there is the presence of immune
checkpoint factors. It has been shown that, due to escape from immune monitoring,
especially  from  specific  T-cell  responses  for  tumor  antigens,  several  immune
checkpoint pathways could be actively exploited by tumors. Indeed, some immune
checkpoint molecules such as cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4)
and  programmed  cell  death-1  (PD-1)  have  been  detected  in  the  tumor
microenvironment and are often overexpressed[58-61]. Recent years have seen a rapid
advance  in  research  on  these  immune  checkpoint  molecules.  In  some  cancers,
particularly malignant melanomas, inhibitors of immune checkpoint molecules have
been shown to cause a major antitumor effect. Today, inhibitors targeting immune
checkpoint molecules are being extensively studied worldwide. Finally, persistent
infection of the liver could lead to immune escape mechanisms. It is well known that
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Figure 1

Figure 1  A scheme of mechanisms of peptide vaccine therapy and immune checkpoint inhibition therapy. In peptide vaccine therapy, a injected tumor-
associated peptides induce peptide-specific cytotoxic T-lymphocyte via antigen presenting cells, with resulting in an antitumor effect on cancer cells. Immune
checkpoint inhibition therapy could result in anti-tumor effects by inhibiting the mechanism that negatively suppresses the immune response to tumor cells; anti-CTLA-
4 antibody and anti-PD-1 antibody play a role of blocking the PD-1/PDL1 and CTLA4/B7 pathways, respectively. MHC: Major histocompatibility complex; CTLA-4:
Cytotoxic T-lymphocyte-associated antigen 4; PD-1: Programmed cell death-1; CTL: Cytotoxic T-lymphocyte.

NK cells, which kill cancer cells by recognizing them as “non-self,” can inhibit the
progression of cancer. A recent report showed increased blood levels of MHC class I-
related chain A, which is involved in the recognition of cancer cells  by NK cells,
during the progression of chronic liver disease; this attenuates the NKG2D-mediated
cytotoxic activity of NK cells, which could contribute to the development of liver
cancer[62,63].  In  addition,  the presence of  the unique liver  cells  such as  sinusoidal
endothelial cells and Kupffer cells (macrophages that act as antigen-presenting cells)
is  known  to  induce  immune  tolerance.  Thus,  hindering  these  immune  escape
mechanisms and promoting immune response with stronger antitumor effects could
improve the clinical efficiency of cancer therapies.

Recent  studies  have  focused  on  immune  responses  in  patients  who  received
existing  conventional  therapies  for  HCC.  Briefly,  anti-cancer  immune  response
induced by tumor-specific T-cells have been confirmed in HCC patients treated with
RFA and TAE[64-67].  In addition, the frequency of natural killer T-cells (NKT cells),
which have anti-tumor effect, has been reported to increase in the peripheral blood
after RFA treatment[68]. These results suggest that traditional therapies for HCC are, at
least in some cases, involved in immune responses; this opens up the possibility of
combining with novel immunotherapy.

CANCER IMMUNOTHERAPY TARGETING GPC3

GPC3
In 2001, we identified GPC3, a cancer-specific antigen expressed in some cancer cells,
from tens of thousands of genes collected using cDNA microarray against several
cancer tissues, several surrounding non-cancer tissues, and various normal tissues[69].
GPC3, a 65-kDa protein comprising 580 amino acids, is a heparan sulfate proteoglycan
bound to the cell membrane by a glycosylphosphatidylinositol (GPI) anchor. It is
hardly expressed in any normal tissue, except in the embryonic liver,  embryonic
kidney, placenta, and parts of the kidney tubules. However, it is expressed in tissues
of  HCC, ovarian clear  cell  carcinoma,  malignant  melanoma,  lung squamous cell
carcinoma, hepatoblastoma, Wilms tumor, and AFP-producing gastric cancer, but not
in other cancer tissues. There are two types of GPC3, a membrane-bound type and a
secreted type,  but it  is  not clear how these types influence the development and
progression  of  cancer.  In  HCC,  they  are  known  to  be  involved  in  neoplastic
transformation[70].  The expression of  GPC3 in  HCC has  also  been reported to  be
associated with clinical  prognosis[71].  We had evaluated the relationship between
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GPC3  expression  in  HCC  and  long-term  prognosis  in  33  HCC  patients  who
underwent radical surgery (in preparation). The 5-year survival rates were 42.9% and
83.3% in GPC3-positive (21 cases) and -negative (12 cases) patients, respectively. Thus,
GPC3-negative patients had significantly better OS than GPC3-positive patients (log-
rank test, P = 0.02). This result was also consistent with that of a previous report[71].
With such high cancer-specificity, GPC3 could be an ideal target for immunotherapy
against cancer. Nakano et al[72] also independently identified GPC3 as a cancer-specific
antigen almost at  the same time as our group. They also developed an antibody
therapy targeting GPC3, and are being progressed research using its antibody[72]. In
addition, phase I/II clinical trials of GC33, a novel GPC-3 antibody, are ongoing
under world scale in patients with advanced HCC (Table 1)[73,74]. We also showed that
GPC3-derived peptides could restrict HLA-A24 and HLA-A2, thus inducing peptide-
specific  CTLs[43,75].  HLA-A24  is  present  in  approximately  60%  of  the  Japanese
population, while HLA-A2 is present in 40% of the Japanese population and is also a
major haplotype in the Caucasian population[43,75]. Further, we performed clinical trials
for a peptide vaccine therapy using HLA-A24- and HLA-A2-restricted GPC3-derived
peptides (Table 1)[76]. Here, we present the results of these trials and our attempts to
develop novel immunotherapies using GPC-3.

Clinical trials using GPC3 peptide vaccine against HCC
Phase I clinical trial of GPC3 peptide vaccine for advanced HCC: A Phase I clinical
trial  for  a  GPC3  peptide  vaccine  was  performed  between  February  2007  and
November 2009 in 33 patients with advanced HCC at the National Cancer Research
Center East Hospital (Kashiwa, Japan) (UMIN Clinical Trials Registry: 000001395)[29,77].
The primary endpoint was the safety of the GPC3 vaccine and the immune response
against it. No dose-limiting toxicity was observed in any of the enrolled patients, and
the GPC3 vaccine showed high tolerability. In addition, IFN-r ELSPOT assay revealed
that the GPC3 vaccine induced adequate number of GPC3 peptide-specific CTLs in 30
(90.1%) out of 33 patients. Also, the disease control rate (DCR) was 60.6% after 2
months after administration of vaccine, and the median time to progression (TTP) and
OS was 3.4 and 9.0 mo, respectively. We also demonstrated that GPC3 vaccination
could induce immunological responses, including a decrease in tumor markers and an
increase in GPC3 peptide-specific CTLs in peripheral blood. In addition, we evaluated
the immunological changes before and after vaccination using biopsy specimens of
the  tumor.  We observed that  more  CTLs had infiltrated into  tumor  in  the  post-
vaccination than the  pre-vaccination,  which proved that  the  vaccination caused
immunological effects[29,77].

In a subsequent phase I trial, we investigated the extent of CTL infiltration into the
PBMCs and tumors in 11 patients with advanced HCC who had undergone GPC3
vaccination and were resistant to sorafenib treatment (UMIN Clinical Trials Registry:
000005093)[78]. We found that the number of GPC3-peptide specific CTLs in the PBMCs
increased after GPC3 vaccination in 9 of 11 cases. In addition, tumor biopsy specimens
after vaccination were obtained from 3 patients, and we observed infiltration of CTLs
into tumors in all  of  them. These results confirmed that GPC3 vaccination could
induce the infiltration of GPC3 peptide-specific CTLs into tumor. Remarkably, we
observed a valuable case in which multiple HCC tissues became inflamed and then
necrotic, after 2 times injections of the vaccine. This was a promising result implying
that the peptide vaccine therapy could potentially obtain not only immunological
response, but also sufficient clinical antitumor effect[79]. We also established several
GPC3 peptide-specific CTL clones from tumor biopsy specimens collected after the
vaccination[78].

Phase II clinical trial of GPC3 peptide vaccine as a recurrence preventive effect in
HCC patients after radical treatment: To evaluate the efficiency of our peptide vac-
cine in preventing recurrence, we performed a single-arm phase II clinical trial for the
GPC3 peptide vaccine as an adjuvant therapy; the trial was performed in 35 patients
with HCC after radical treatment (UMIN Clinical Trials Registry: 000002614)[80]. We
found that the 1 - and 2-year recurrence rates (the primary endpoints in the trial) in
the enrolled patients were 24.4% and 53.7%, respectively. This result showed that the
GPC3 peptide vaccine could be useful as adjunctive therapy for HCC after radical
therapy. Also, we evaluated the long-term survival prognosis in the enrolled patients.
The median PFS and OS were 20.4 and 72.8 mo, respectively, while the 5-year survival
rate was 70.6% (in preparation). In addition, the two cases showed recurrence, despite
increased peptide-specific CTLs in the peripheral blood after the vaccination. In these
HCCs, GPC3 was mostly expressed in the primary tumor before the vaccination;
however, its expression was almost absent in the recurrent tumor after vaccination[80].
These  results  indicate  that  peptide  vaccine  therapy  targeting  tumor-associated
antigens could eradicate cancer cells expressing the antigen, but might be ineffective
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Table 1  Review of clinical trials of immune checkpoint inhibitor therapy and glypican-3-based immunotherapy in patients with
hepatocellular carcinoma

Immunotherapy Title Trial no. Phase n Primary
endpoint Result Status Ref.

GPC3-based immunotherapy

GPC3 peptide vaccination

HLA-A
24:02–restric

ted
GPC3298–306

peptide
vaccine, and

HLA-A
02:01–restric

ted
GPC3144-152

peptide
vaccine

Phase I trial
of a

glypican-3-
derived
peptide

vaccine for
advanced

HCC

UMIN00000
1395

I 33 The safety
and immune
; response to

GPC3
vaccination

Well-
tolerated.
The GPC3

vaccine
induced a

GPC3-
specific CTL
response in

90.1%
patients
(30/33)

Completed
[29]

HLA-A
24:02–restric

ted
GPC3298–306

peptide
vaccine, and

HLA-A
02:01–restric

ted
GPC3144-152

peptide
vaccine

Immunologi
cal efficacy
of glypican-

3 peptide
vaccine in
patients

with
advanced

HCC

UMIN00000
5093

I 11 The
frequency of

peptide-
specific ;

CD8+ T-cells
in PBMCs

and
infiltration

into the
tumor after
vaccination

The number
of peptide-

specific
CD8+ T-cells

in PBMCs
increased in
9 out of 11
cases. In 3
cases, they
infiltrated

into the
tumor after

the
vaccination

Completed
[78]

HLA-A
24:02–restric

ted
GPC3298–306

peptide
vaccine, and

HLA-A
02:01–restric

ted
GPC3144-152

peptide
vaccine

Phase II
study of the

GPC3-
derived
peptide

vaccine as
an adjuvant
therapy for

HCC
patients

UMIN00000
2614

II 35 The 1- and
2-y

recurrence
rate

The 1- and
2-yr

recurrence
rates were
24.4% and

53.7%,
respectively

Completed
[80]

Anti GPC3 antibody

GC33 First-in-man
Phase I
study of
GC33, a

novel
recombinant
; humanized

antibody
against

GPC3, in
patients

with
advanced

HCC

NCT0074631
7

I 20 Tolerability
and tumor
response

Well-
tolerated.

The median
TTP was

26.0 wk in
patients

with GPC3-
high HCC

Completed
[73]

GC33 Japanese
phase I
study of
GC33, a

humanized
antibody
against

GPC3 for
advanced

HCC

Japic CTI-
101255

I 13 Determined
maximum
tolerated
dose of
GC13

Well-
tolerated for
GC33 dose

of 20 mg/kg
in Japanese

patients
with HCC

Completed
[74]

GC33 - NCT0150716
8

II 185 Ongoing -
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Anti-GPC3
CAR-T

based GC33

- NCT0239525
0

I 13 Ongoing -

Immune checkpoint inhibitor therapy

Anti-PD-1 antibody

Nivolumab Nivolumab
in patients

with
advanced
HCC: an

open-label,
noncompara
tive, phase
1/2 dose
escalation

and
expansion

trial

NCT0165887
8

I /II 262 Safety,
tolerability,
and clinical

efficacy,
including

ORR, DCR,
DOR, and

PFS

ORR was
20%. DCR
was 64%

(CR and PR;
3 and 39

cases). The
median

DOR and
PFS was 9.9
and 4.0 mo,
respectively

Completed
[94]

Nivolumab - NCT0257650
9

III 726 Ongoing -

Pembrolizu
mab

Pembrolizu
mab in
patients

with
advanced

HCC
previously

treated with
sorafenib:

non-
randomised,
open-label

phase 2 trial

NCT0270241
4

II 104 Clinical
efficacy,

including
ORR, DCR,
DOR, and

PFS

ORR was
16.3%. DCR
was 61.5%

(CR and PR;
1 and 16

cases). The
median

DOR and
PFS were 2.1
and 4.8 mo,
respectively

Completed
[96]

Pembrolizu
mab

- NCT0270240
1

III 408 Ongoing -

Pembrolizu
mab (with

Lenvatinib)

- NCT0300692
6

I 104 Ongoing -

Anti-CTLA-4 antibody

Tremelimu
mab

A clinical
trial of

CTLA-4
blockade

with
tremelimum

ab in
patients

with HCC
and chronic
hepatitis C

NCT0100835
8

II 21 Clinical
efficacy,

including
ORR, TTP,

and OS

PR (n = 3)
and SD (n =
10) rate were

17.6% and
58.8,

respectively.
The median
TTP and OS

were 6.48
and 8.2 mo,
respectively

Completed
[97]

Tremelimu
mab (with

RFA or
TAE)

Tremelimu
mab in

combination
with

ablation in
patients

with
advanced

HCC

NCT0185361
8

II 32 Clinical
efficacy as
adjuvant

therapy after
RFA or TAE

PR rate was
26%. The

median TTP
and OS were
7.4 and 12.3

mo,
respectively

Completed
[101]

Tremelimu
mab (with

Durvalumab)

- NCT0251934
8

II 144 Ongoing -

GPC3: Glypican-3; CAR-T: Chimeric antigen receptor modified T cells; PD-1: Programmed cell death-1; CTLA-4: Cytotoxic T-lymphocyte-associated
protein-4; RFA: Ragiofrequency ablation; TAE: Transcatheter arterial emboliazation; HCC: Hepatocellular carcinoma; ORR: Objective response rate; DCR:
Disease control rate; DOR: Duration of response; PFS: Progression free survival; TTP: Time to progression; OS: Overall survival; PBMC: Peripheral blood
mononuclear cell; CR: Complete response; PR: Partial response; SD: Stable disease; CTL: Cytotoxic T lymphocyte.

against cancer cells that do not express the antigen or those that have lost antigen
expression. Therefore, vaccine therapies targeting multiple cancer-related antigens
will be key for future research in this field; combination of immunotherapies with
other therapies should also be explored.
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Novel approach for enhancing the antitumor effect of peptide vaccine therapy
As mentioned above, although we could show the safety and immunological response
of the peptide vaccine,  its anti-tumor effect remains limited. Even if  an excellent
peptide vaccine could sufficiently induce peptide-specific CTLs, the anti-tumor effect
would  depend  critically  on  the  number  of  peptides  presented  to  HLA  class  I
molecules on the surface of cancer cells. To improve this defect, we developed an
intra-tumor  peptide  injection  therapy,  where  the  peptide  vaccine  is  directly
administered into tumor tissues[81]. Direct injection into the tumor allows a sufficient
number of peptides to be presented to HLA class I molecules on the tumor cells, thus
enhancing the killing capacity of  peptide-specific  CTLs.  In addition,  the peptide
vaccine itself could induce the infiltration of peptide-specific CTLs into the tumor.
Indeed, we showed that intra-tumor peptide injection therapy effectively suppressed
tumor  growth  in  a  tumor-transplanted  mouse  model.  We  also  showed that  the
combination  of  subcutaneous  and  intra-tumor  injection  of  the  peptide  vaccine
resulted in higher anti-tumor effect than either of the therapy.

We also found that combining the peptide vaccine with anti-PD-1 antibody[82] or
anti-CD4 antibody[83] could enhance the induction of peptide-specific CTLs and result
in higher antitumor effects than peptide vaccine therapy alone. The use of anti-CD4
antibodies could remove Tregs and weakly CD4-positive macrophages that suppress
the positive immune response against  cancers.  We expect  that  these approaches
would bring about a breakthrough for peptide vaccine therapy in the future.

Development of T-cell receptor-engineered T-cell therapy and chimeric antigen
receptor-transduced T-cell therapy targeting GPC3
We had established multiple GPC3 peptide-specific CTL clones from the peripheral
blood and cancer tissues of HCC patients vaccinated in the clinical trials[77,78,84]. Several
of these CTL clones had high capability for killing cancer cells that express GPC3
peptides. In collaboration with Mizukoshi et al[64], we generated induced pluripotent
stem cell-derived T-cells  transduced with GPC3-specific  T-cell  receptors  (TCRs),
which were derived from the most suitable of our CTL clones. TCR-engineered T-cell
therapy has been said to be superior to peptide vaccine therapy in terms of safety and
anti-tumor effect. Thus, TCR-engineered T-cell therapy based on GPC3 might be a
promising novel therapy for patients with advanced HCC in the future.

It  was recently shown that  chimeric  antigen receptor (CAR)-transduced T-cell
therapy was remarkably effective against blood malignant disease, with a clinical
response rate of more than 80%. However, its efficacy against solid cancers has not
been established. Phase I clinical trials of anti-GPC3 CAR-modified T-cells based on
GC33 are currently underway in China for patients with refractory or relapsed GPC3+

HCC[85]. In collaboration with Ishida et al[86], we are also developing a next-generation
CAR-transduced T-cell therapy based on a novel GPC3 antibody. To overcome the
disadvantages of  the conventional  methods of  this  therapy,  we combined FITC-
conjugated cancer-specific antibodies with CAR-transduced T-cells that react with
FITC. This approach allows us to precisely control the cancer-killing ability of CAR-
transduced T-cells by adjusting the dose of FITC-conjugated antibodies; this also
helps in the survival of CAR-transduced T-cells.

These studies continue to help us strive toward the goal of establishing a practical
clinical  application  for  TCR-engineered  T-cells  and  CAR-transduced  T-cells  for
treating solid cancers.

Development  of  serum  full-length  GPC3  as  biomarkers  for  peptide-based
immunotherapy
Previous studies have shown that secreted GPC3 is released into the serum in the
patients with HCC. Recently, we developed an assay to quantify serum full-length
GPC3 in cooperation with a private company. This assay could measure serum GPC3,
which could be useful as a biomarker for early diagnosis, prediction of recurrence,
and evaluation of the effect of anti-GPC3 therapy against HCC. In fact, we showed
that the vaccinated group (n  = 9) had better PFS and OS than the non-vaccinated
group (n = 12) in GPC3-positive HCC patients who had high GPC concentration in the
peripheral blood after radical surgery (log-rank test, P = 0.075, P < 0.01, respectively)
(in preparation). This result suggested that serum GPC3 concentration after radical
surgery  could  be  a  useful  biomarker  for  predicting  the  clinical  effect  of  GPC3
vaccination.

IMMUNE CHECKPOINT INHIBITORS
The  use  of  immune  checkpoint  inhibitors  such  as  anti-PD-1  and  anti-CTLA-4
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antibodies has attracted attention as a novel cancer therapy that can provide dramatic
and long-term anti-tumor effect  through an approach that  is  different  to  that  of
conventional therapies. In 1992, Ishida et al[86] found that the expression of PD-1 was
elevated when T-cells underwent apoptosis; after then, they clarified that PD-1 is a
receptor  that  negatively  regulates  the  immune response  against  cancer  cells.  In
addition, blocking the PD-1/PD-L1 pathway has been shown to cause an anti-tumor
effect by excluding the tumor-induced immune suppressive system and promoting
the immune response against tumors.

In 1995, Krummel et al[87]  found that CTLA-4 was essential for self-tolerance in
immunity; its deficiency caused serious autoimmune diseases. In addition, blocking
the interaction between CTLA-4 and B7-1/B7-2 induced tumor rejection in mice[88].
These immune checkpoint inhibitor therapies could be another promising option for
cancer therapy that ensures safe and efficient therapeutic effects against cancers that
are resistant to conventional chemotherapy and radiation therapy. In fact, nivolumab,
an anti-PD-1 antibody, and ipilimumab, an anti-CTLA-4 antibody, were the first
antibodies to be approved for use against advanced malignant melanomas resistant to
conventional chemotherapy and radiation therapy. Since then, based on clinical trials
on patients with various types of cancer, these therapies have gradually expanded
their  application  for  several  cancers[89-91].  However,  the  response  rate  for  these
therapies are still low; for malignant melanomas, excluding Hodgkin’s lymphoma, it
was near 30%, while for other cancers, it ranges from 10% to 30%. Thus, despite many
favorable  signs,  these  therapies  still  benefit  only  a  limited  number  of  patients.
Therefore, there is an urgent need to establish appropriate biomarkers for predicting
the clinical response of patients against immune checkpoint inhibitors. Number of
mutations in the patient has been considered as biomarkers to predict the clinical
efficacy of these immunotherapies. Also, it has been reported that PD-L1 expression
levels could be involved in the clinical effect of immunotherapy in patients with non-
small cell lung cancer, but these relevance has not been reported in those with HCC.
In May 2017, pembrolizumab was approved by the FDA for patients with malignant
diseases who showed high microsatellite instability or incomplete mismatch repair;
this was the first approval in which genetic abnormalities, and not the type of cancer,
was the adaptation condition[92,93]. Future studies should therefore focus on identifying
biomarkers with better accuracy for predicting treatment effects, and on establishing
treatment-selective algorithms to use them.

In  recent  years,  against  HCC  patients,  clinical  trials  for  immune  checkpoint
inhibitor therapy alone and in combination with other conventional therapies have
been proposed (Table 1).  Originally, there are many immune cells in the liver. In
addition, chronic inflammation such as liver cirrhosis and viral hepatitis, which could
be the  host  of  HCC,  could induce immunosuppression against  HCC.  These  two
mechanisms would imply that immune checkpoint inhibitors could have a sufficient
therapeutic  effect  in patients  with HCC. In the following sections,  we introduce
clinical  trials  for  immune  checkpoint  inhibitor  therapy  in  HCC  patients.  The
development  of  immune  checkpoint  inhibitor  therapies  could  trigger  a  major
revolution in conventional hepatocarcinotherapy, and future developments in these
therapies look promising.

Anti-PD1 antibody
Nivolumab is the first humanized monoclonal IgG4 antibody against human PD-1. It
has  been  approved  for  use  against  many  types  of  cancer,  including  malignant
melanoma, non-small cell lung cancer, renal cell cancer, and gastric cancer. A phase
I/II  clinical  trial  for  the use of  nivolumab against  HCC was performed between
November 2012 and August 2016 in patients with advanced HCC (Checkmate-040)[94].
The results of this trial confirmed the tolerability of nivolumab in HCC patients. In
addition, the results showed an objective response rate (ORR) of 20% (n = 42/214) and
a DCR of 64% (n = 138/214). The median duration of response and progression-free
survival were 9.9 and 4.0 mo respectively, and OS rate at 9 mo was 74%. A subsequent
result published in ASCO 2017 revealed that the median OS was 15.6 mo in 145 cases
that were co-treated with sorafenib and 28.6 mo in 80 cases not given sorafenib[95]. In
addition, nivolumab therapy had a sustained long-term clinical effect in patients who
had partial response (PR) and stable disease (SD)[94]. Based on this promising result,
the  FDA approved nivolumab for  patients  with  HCC who had previously  been
treated with sorafenib in September 2017. Currently, phase III clinical trials for the
safety and clinical efficacy of the combination of nivolumab and sorafenib as a first-
line standard therapy for patients with advanced HCC are being performed, and the
results are awaited (Checkmate-459).

Pembrolizumab is another anti-PD1 antibody. Recently, phase II clinical trials for
pembrolizumab were  performed on  104  patients  with  advanced  HCC who had
received sorafenib treatment (KEYNOTE-224)[96]. The results showed 16.3% ORR and

WJMA https://www.wjgnet.com March 31, 2019 Volume 7 Issue 3

Akazawa Y et al. Novel immunotherapy in HCC

88



61.5%  DCR.  The  median  duration  of  response  and  RFS  were  2.1  and  4.8  mo,
respectively, indicating that pembrolizumab was almost as effective as nivolumab.
Currently,  phase  III  clinical  trials  are  underway  for  evaluating  the  efficacy  of
pembrolizumab as a secondary treatment after sorafenib (KEY NOTE-240).

Anti-CTLA-4 antibody
CTLA-4  is  a  receptor  on  the  cell  membrane  of  T-cells  that  suppresses  antigen
presentation by dendritic cells. Treatment with anti-CTLA-4 antibodies could enhance
the antitumor effect of cancer-specific T-cells by inhibiting CTLA-4 activity. Currently,
ipilimumab,  an  anti-CTLA-4  antibody,  has  approval  for  use  in  patients  with
malignant melanoma. Recently, a phase II clinical trial was conducted to evaluate the
clinical efficacy of tremelimumab, another anti-CTLA-4 antibody, in patients with
HCC[97].  After  8  wk of  treatment,  3  and 10  patients  (among a  cohort  of  21  HCC
patients) showed PR and SD, respectively. Median PFS and OS were 6.5 and 8.2 mo,
respectively.

Combination therapy using immune checkpoint inhibitors
To achieve a sufficiently strong antitumor immune response, a combination therapy
using anti-PD-1 and anti-CTLA-4 antibodies is being developed for HCC treatment.
This combination therapy has already been shown to have strong antitumor effects in
patients  with  malignant  melanoma[98].  The  anti-CTLA-4  antibody  increases  the
number of CTLs that infiltrate into tumor by blocking the CTLA-4/B7 pathway. The
anti-PD-1 antibody enhances the anti-tumor immune response of cancer-specific CTLs
by blocking the PD-1/PD-L1 pathway. The combination of these two mechanisms of
immune  responses  allows  this  combination  therapy  to  produce  an  enhanced
antitumor effect.

Also,  a  phase  I/II  clinical  trial  for  evaluating  the  efficacy  and  safety  of  a
combination therapy using tremelimumab (anti-CTLA-4 antibody) and durvalumab
(anti-PD-L1 antibody) is underway in 40 patients with advanced HCC. Interim results
of this clinical trial announced at ASCO 2017 revealed that the ORR was 25%[99]. In
addition, a phase III clinical trial of these combination therapies as first line therapy in
the advanced HCC patients is currently ongoing (NCT 03298451).

In recent years, combination therapies of molecular targeted drugs with immune
checkpoint inhibitors have attracted attention. This promising approach could achieve
additive therapeutic effects of the two drugs and a synergistic effect by improving the
tumor-induced immunosuppressive  microenvironment[100].  In  fact,  clinical  trials
investigating the efficacy of such combination therapies against HCC have already
started in Japan and the United States of America (NCT 03006926).

Several therapies combining local regional methods such as RFA and TAE with
immunity checkpoint inhibition therapy have also been reported. Clinical trials for an
anti-CTLA-4 antibody as an adjuvant therapy after RFA and TAE showed promising
anti-tumor effects, with a PR rate of 26%, a median PFS of 7.4 mo, and a median OS of
12.3  mo[101].  Thus,  immune checkpoint  inhibitor  therapy shows great  promise as
preventive measure for  HCC recurrence.  This  therapy also has  the potential  for
application to a wide range of treatment strategies, from first-line standard therapy to
adjuvant/neoadjuvant therapy.

FUTURE PROSPECTS OF IMMUNOTHERAPY IN HCC
Immunotherapy is now widely considered a landmark therapeutic strategy that could
radically alter conventional cancer therapy. Unfortunately, patients who can benefit
from it remain limited, even in the highly promising immune checkpoint inhibitor
therapy.  Therefore,  further  understanding  of  therapeutic  effect  prediction  and
resistance  mechanism for  immunotherapy could  be  necessary.  Immunotherapy,
including immune checkpoint inhibition, cannot provide any anti-tumor effect unless
T-cells interact with the cancer-associated peptide and the MHC molecules,  thus
recognizing cancer cells.  Therefore, there have been many efforts to identify and
develop more  promising  tumor-associated  peptides  and their  epitopes.  Peptide
vaccine therapy using cancer-specific antigens such as GPC3 could induce peptide-
specific  CTLs against  several  cancers.  Thus,  peptide  vaccine  therapy could be  a
revolutionary therapeutic strategy by combining with other therapies.

Today, advances in next-generation sequencing and bioinformatics have made it
possible to catalog all genomic mutations in individual patients. It has been reported
that  patients  who  accumulate  more  genetic  mutations  show  stronger  immune
response and better anti-tumor effects after adoptive immunotherapy using TILs[102-106]

and immune checkpoint inhibitor therapy[92,107,108] than those with fewer mutations. We
are currently developing individualized vaccine therapy targeting neo-antigens,
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which are gene mutation antigens, in several solid tumors, including HCC. Clinical
trials are already underway for individualized vaccine therapy in Europe, North
America, and China in several cancers, and the preliminary results are beginning to
be reported[109-113].

The liver, which contains many immune cells, is unique in that it has a developed
immune escape mechanism. The novel immunotherapies could exploit this unique
characteristic of the liver and will be ideal candidates for treating HCC in the future.
In fact, the widespread acceptance and application of immune checkpoint inhibitor
therapy  could  result  in  a  major  paradigm  shift  in  HCC  therapy.  Cancer
immunotherapy and its combination with conventional methods are being rapidly
developed worldwide. Meanwhile, immunotherapy has the possibility of causing
immune-related adverse events different from conventional therapy, and more severe
management may be required. Therefore, for optimization of immunotherapy, we
believe that it is urgent to product more strict novel algorithms for treatment selection
and management  of  HCC.  We believe that  further  development  of  novel  cancer
immunotherapy can have innovative benefits against many patients with HCC who
have been suffering.
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