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Abstract

Hepatocellular carcinoma (HCC), the predominant
form of primary liver cancer, is the fifth most common
cancer worldwide and the second leading cause of
cancer-related death. Despite the high incidence,
treatment options remain limited for advanced HCC,
and as a result prognosis continues to be poor. Current
therapeutic options, surgery, chemotherapy and
radiotherapy, have only modest efficacy. New treatment
modalities to prolong survival and to minimize the
risk of adverse response are desperately needed for
patients with advanced HCC. Tumor immunotherapy
is a promising, novel treatment strategy that may lead
to improvements in both treatment-associated toxicity
and outcome. The strategies have developed in part
through genomic studies that have yielded candidate
target molecules and in part through basic biology
studies that have defined the pathways and cell types
regulating immune response. Here, we summarize
the various types of HCC immunotherapy and argue
that the newfound field of HCC immunotherapy might
provide critical advantages in the effort to improve
prognosis of patients with advanced HCC. Already
several immunotherapies, such as tumor-associated
antigen therapy, immune checkpoint inhibitors and
cell transfer immunotherapy, have demonstrated
safety and feasibility in HCC patients. Unfortunately,
immunotherapy currently has low efficacy in advanced
stage HCC patients; overcoming this challenge
will place immunotherapy at the forefront of HCC
treatment, possibly in the near future.

Key words: Cell transfer immunotherapy; Cytokine
therapy; Hepatocellular carcinoma; Immune checkpoint
inhibitors; Immunotherapy; Tumor-associated antigens
therapy
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Core tip: Hepatocellular carcinoma (HCC) has a high
incidence and poor prognosis worldwide. Tumor
immunotherapy is a promising novel therapy that will
lead to improvements in both treatment-associated
toxicity and outcome. This review summarizes current
knowledge concerning the progress of immunotherapy
for HCC.

Tsuchiya N, Sawada Y, Endo I, Uemura Y, Nakatsura T.
Potentiality of immunotherapy against hepatocellular carcinoma.
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from: URL: http://www.wjgnet.com/1007-9327/full/v21/
136/10314.htm DOI: http://dx.doi.org/10.3748/wjg.v21.i36.10314

INTRODUCTION

Primary liver cancer, which is predominantly diagnosed
as hepatocellular carcinoma (HCC), is the fifth most
common cancer and the second leading cause of
cancer-related deaths worldwide. The annual number
of deaths from HCC worldwide is similar to the
incidence, with nearly 748300 new cases and 695900
deaths each year™. Although patients diagnosed with
early stage disease have a relatively good prognosis
with a 5-year survival rate of > 70%, the majority of
patients are diagnosed with late-stage disease, which
leads to a dismal overall 5-year survival rate of <
16%".

Protocols for the treatment options currently avai-
lable tend to adhere to more established traditional
methodologies, which includes surgery and adjuvant
chemo/radiation therapy. Surgical or local ablative
therapy however is generally suitable for only a few HCC
patients, as these approaches are limited by tumor
size, the number of intra-hepatic metastases, and
sufficient hepatic functional reserve. Chemotherapy
is moderately tolerated due to the coexistence of
liver cirrhosis in most patients with HCC, but more
importantly it is not sufficiently effective. Thus, the
prognosis remains poor for patients with advanced
HCC.

Targeted molecular therapy is one of the more
contemporary approaches to cancer treatment and
development of these drugs is based on specific
molecular attributes of the cancer type in question.
Sorafenib, an inhibitor of tyrosine kinases, was
developed for the treatment of HCC as well as other
cancer types. It has been found to prolong overall
survival (OS) in patients with advanced HCC and thus
has become the standard drug for first-line systemic
treatment®®!, However, the response rate for sorafenib
is very low according to the Response Evaluation
Criteria in Solid Tumors (RECIST), while the incidence
of adverse drug reactions is high according to the
Common Terminology Criteria for Adverse Events
(CTCAE)®™!. Sorafenib treatment extends life by only
3 mo as compared to placebo, and no second-line
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treatment has been established for patients who do not
respond to the drug. The results for sorafenib reiterate
how desperately new treatment modalities are needed
in order to prolong survival while minimizing the risk of
adverse reactions in patients with advanced HCC.

Immunotherapy is a step away from small molecule-
based cancer therapies and is rapidly gaining broad
attention from both basic scientists and clinicians as a
viable treatment option for aggressive cancers. Many
fundamental studies have demonstrated that tumor
cells can be targeted by diverse immune effector
mechanisms. Cytokines, peptides vaccines, monoclonal
antibodies, and cell-mediated vaccines have been
developed as potential treatments or approved cancer
therapies that can provoke an immune response
against cancers. Moreover, the strategy of adopting
immunotherapy with established treatment modalities
may increase efficacy and reduce toxicity.

Several characteristics relating to both the treatment
and biology of HCC make it amenable to immunotherapy
(as detailed below). However, while previous clinical
trials have focused on the feasibility and safety of
immunotherapy for patients with advanced HCC,
non-randomized Phase I or II studies have yet to
demonstrate the efficacy of immunotherapy for this
disease®”), However, several randomized controlled
trials in adjuvant settings have established the ability
of immunotherapy to reduce the risk of cancer
recurrence®*?!, Here, we summarize the various types
of HCC immunotherapy and argue that the newfound
field of HCC immunotherapy might provide critical
advantages in the effort to improve the treatment and
thus prognosis for HCC.

IMMUNE RESPONSES IN HCC

HCC can be deemed a cancer induced by inflammation.
Chronic liver infections caused by hepatitis B and
hepatitis C virus (HBV and HCV) are known risk
factors for the development of HCC. Other risk factors
include obesity, diabetes, alcoholic and nonalcoholic
steatohepatitis, and other causes of chronic liver
disease. Most patients with chronic hepatitis will
develop liver cirrhosis and eventually HCC in a
progressive but dynamic process. Liver cirrhosis is a
highly genotoxic environment created by a perpetual
state of inflammation and fibrogenesis. It is driven
by the generation of highly reactive oxygen species,
which in turn promote the formation of a type of
senescent hepatocyte. Within this environment,
some hepatocytes become immortalized and undergo
carcinogenesis. Therefore, liver cirrhosis is a crucial
disease state promoting the development of HCC.
According to several studies, tumor-specific cellular
and humoral immune responses occur in patients with
HCC. Spontaneous T cell responses against many tumor
antigens, such as alpha-fetoprotein (AFP), glypican-3
(GPC3), NY-ESO-1, SSX-2, MAGE-A10 and p53, have
been detected in HCC patients™*"”, However, these T
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cell responses have failed to induce tumor regression
and/or inhibit disease progression. The failure of
the immune system to respond appropriately is
likely to be due to the multiple immune-suppressive
mechanisms that are regulated by the tumor itself.
First, the expression of a number of molecules, such
as major histocompatibility complex (MHC) proteins,
that normally participate in the immune response is
often altered in the context of cancer. Down-regulation
of such genes, for example, leads to impairment of
tumor-antigen processing and presentation. One study
has shown strong MHC class I expression in HCC™®,
but the results have not been consistent throughout
the literature and the level of MHC class I expression
in HCC remains unclear. Furthermore, expression
of the co-stimulatory molecules B7-1 and B7-2 is
reduced in HCC™. Second, impairment of CD4" T
cells has been reported as a mechanism of immune
evasion in HCC?®®. Several results from the analysis of
mRNA arrays have revealed that MHC class 1I is one
of the most highly expressed genes in HCC tumors, as
compared to benign adjacent tissues. These MHC 1II
molecules induce CD4" T cell anergy in the liver in the
absence of interactions with suitable coactivators™.
Finally, increases in immunosuppressive myeloid and
lymphoid cell populations, suppression of natural killer
(NK) cells, and up-regulation of immune checkpoint
pathways have been demonstrated to impair the
effector function of cellular immune responses in
patients with HCC**?,

Immunosuppressive cell populations, such as
T regulatory cells (Tregs) and myeloid-derived
suppressor cells (MDSCs), are thought to be key
players in cancer evasion from immunosurveillance.
The number of Tregs in HCC patients is elevated in
both the peripheral blood and the tumor®®, and the
accumulation of infiltrated Tregs within the tumor
has been correlated with disease progression and
poor prognosis®”’?®. Thus, the depletion of Tregs may
potentially lead to immune reactivation by facilitating
spontaneous AFP-specific T cell responsest®®’,

MDSCs are a heterogeneous population of early
myeloid progenitor cells that have the capacity to
suppress the cytotoxic activities of NK cells and the
adaptive immune response mediated by CD4" and
CD8" T cells. MDSCs also promote the expansion of
the Treg population. An accumulation of MDSCs has
been found within tumors as well as in the peripheral
blood, spleen, bone marrow, and liver of HCC
patients”®®. It has also been suggested that MDSCs
interact with Kupffer cells to induce the expression of
programmed death-ligand 1 (PD-L1), which inhibits
antigen presentation. The frequency of MDSCs in the
peripheral blood has been correlated with a high risk
of recurrence in HCC patients who have undergone
radiofrequency ablation (RFA) treatment'®?. Recently,
a new subset of immune suppressive cells known as
regulatory dendritic cells (DCs) has been identified in
HCC patients®®'!. These regulatory DCs suppress T-cell
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activity in vitro through the production of interleukin
(IL)-10 and indoleamine 2,3-dioxygenase (IDO).

The immune response engaged by a specific
antigen and its subsequent intensity is regulated
not only by major histocompatibility receptors, but
also by co-stimulatory and co-inhibitory molecules
that modulate response based on the physiological
context. Immune checkpoints function as an extensive
inhibitory program that is crucial for maintaining self-
tolerance and modulating the duration and extent
of physiological immune responses in peripheral
tissues, ultimately helping to minimize extra tissue
damage. Several immune checkpoint pathways have
been shown to be exploited by tumors so as to aid in
avoidance of immunosurveillance, particularly involving
the T cell responses that are specific for tumor
antigens. Many immune checkpoint molecules, such
as the cytotoxic T lymphocyte-associated antigen 4
(CTLA-4) and PD-L1, have been detected in the tumor
microenvironment, and are often overexpressed as
wel[1#3%,

An intriguing finding is the detection of tumor-
specific immune responses in patients simply
undergoing conventional therapies. For example,
RFA has been shown to stimulate activation and
enhancement of tumor-specific T cells, but the
procedure also increases the frequency of T cells
specific for recall antigens™®. Although this study was
not primarily designed to evaluate the effect of RFA on
T cell responses, the results indicated that RFA does
activate non-specific T cell responses. However, no
correlation between T cell response and prevention
of HCC relapse was found. Tumor-associated antigen
(TAA)-specific T cell responses have also been
detected in peripheral blood following RFA®”.. Although
patients displayed enhanced immune responses,
tumor recurrence was not completely prevented. A
second procedure, transarterial chemoembolization
(TACE), has also been shown to have an effect on the
frequency of tumor-specific T cell response in HCC
patients. The expansion of AFP-specific CD4" T cells
in HCC patients after TACE has been described and
furthermore was associated with an induction of >
50% tumor necrosis and improved clinical outcome®®,

Tumor-specific immune responses following
individual treatment or combined TACE and RFA
have been more directly investigated. The results
have confirmed that ablative therapies induce TAA-
specific T cell responses in individual patients**,
Percutaneous ethanol injections (PEIT) or RFA has also
been used to evaluate their impact on the function of
dendritic cells in vivo!*!l. The results demonstrated that
local ablative therapy induces a functional transient
activation of myeloid-derived dendritic cells associated
with increased levels of TNF-a and IL-1-B. Finally, the
frequency of natural killer T (NKT) cells in peripheral
blood has also been reported to be increased after
RFA treatment®?!. These studies clearly demonstrate
that conventional treatment of HCC can unmask

September 28, 2015 | Volume 21 | Issue 36 |



Tsuchiya N et a/. Potentiality of immunotherapy for HCC treatment

Table 1 Immunotherapeutic clinical trials in hepatocellular carcinoma since 2000

Author Country Year Indication Immunotherapy n Clinical result Ref.
Cytokine Llovet et al Spain 2000  Advanced HCC RCT: IFN-a2bwvsno 30 and RR:2/30 (7%), DCR: NA [91]
therapy treatment 28  No significant difference in RR or survival
Ikeda et al Japan 2000 Adjuvant(resection RCT: IFN-B vs no 10 and Significantly longer recurrence-free [92]
or ethanol injection) treatment 10 survival after IFN-B therapy (P = 0.0004
Sakonetal  Japan 2002  Advanced HCC 5-FU + IFN-o 11 RR: 8/11 (73%), DCR: 9/11 (82%) [93]
MST: NA
Kubo et a Japan 2001 Adjuvant RCT:IFN-a.vs.no  15and Significantly longer recurrence-free [94]
(resection) treatment 15 survival after IFN-a. therapy (P = 0.037)
Ladhams et al Australia 2002  Advanced HCC  Dendritic cell pulsed 2 Slowing in the rate of tumor growthin  [95]
with autologous tumor one of two patients
Palmierietal  Italy 2002  Advanced HCC Low dose IL-2 18 RR:3/18 (17%), DCR: 16/18 (89%) [96]
MST: 24.5 mo
Reinischetal Austria 2002  Advanced HCC GM-CSF + IFN-y 15 RR:1/15 (7%), DCR: 10/15 (67%) [97]
MST: 5.5 mo
Feun et al United 2003  Advanced HCC  Doxorubicin + 5-FU + 30 RR:2/30 (7%), DCR: 3/30 (10%) [99]
States IFN-a2b MST: 3 mo
Shiratorietal Japan 2003  adjuvant (ethanol RCT: IFN-o. vs no 49 and Longer recurrence-free and overall [100]
injection) treatment 25  survival after IEN-o therapy (P-value not
reported
Patt et al United 2003  Advanced HCC 5-FU + IFN-a.2b 43 RR: 9/36 (25%), DCR 22/36 (61%) [49]
States MST: 19.5 mo
Komorizono  Japan 2003  Advanced HCC Cisplatin + 5-FU + 6 RR:2/6 (33%), DCR 3/6 (50%) [50]
etal IFN-o MST: NA
Sangroetal  Spain 2004  Advanced HCC Intratumoral 21 (8 RR:1/8 (13%), DCR 7/8 (88%) [102]
adenovirus encoding HCC) MST: NA
IL-12 genes
Yin et al China 2005  Advanced HCC Cisplatin + doxorubicin 26 RR: 4/26 (15%), DCR 13/26 (50%) [105]
+5-FU + IFEN-2a. MST: 6 mo
Vitale et al Italy ~ 2007  Advanced HCC 5-FU + IFN-a2b 9 RR: 3/9 (33%), DCR 4/9 (44%) [108]
MST: 11.5 mo
TAA targeted Butterfield ~ United 2003  Advanced HCC AFP peptide 6 RR:0/6 (0%), DCR 0/6 (0%) [56]
therapy et al States vaccination MST: 8 mo
Kuangetal ~ China 2004 Adjuvant RCT: autologous 18 and Significantly longer recurrence-free [8]
formalin-fixed tumor 21 survival after vaccination (P = 0.003)
vaccine vs no treatment
Gretenetal Germany 2010  Advanced HCC a telomerase peptide 40 RR: 0/40 (0%), DCR 17/37 (45.9%) [114]
vaccine in combination MST: 9.8 mo

with a low dose

cyclophosphamide
Sawadaetal Japan 2012  Advanced HCC  GPC3-derived peptide 33 RR:1/33 (3%), DCR 20/33 (60.6%) [60]
vaccine MST: 9.0 mo
OS was significantly longer in patients
with high GPC3-specific CTL frequencies
Zhu et al United 2013  Advanced HCC GPC3 monoclonal 20 RR: 0/20 (0%), DCR 4/20 (60.6%) [61]
States antibody MST in GPC3 high was likely to be longer
than that in GPC3 low or no expression
group [49.4 wk vs 13.0 wk]
Immune Sangroetal  Spain 2013  Advanced HCC  anti-CTLA-4 antibody 21 RR:3/21 (17.6%), DCR 13/21 (76.4%) [69]
checkpoint MST: 8.2 mo
inhibitors
Cell transfer Takayamaet Japan 2000 Adjuvant RCT: activated 76 and Significantly longer recurrence-free [10]
immunotherapy al (resection) autologous lymphocyte 74 survival after transfer of activated
vs no treatment lymphocytes (P = 0.008)
Stift et al Austria 2003  Advanced HCC Dendritic cell pulsed 20 (2 RR:NA, DCR: NA [98]
with autologous tumor HCC) MST: 10.5 mo
Persistent AFP over a period of 6 mo in
one of two patients
Iwashitaetal Japan 2003  Advanced HCC Dendritic cell pulsed 10 (8 RR:0/8 (0%), DCR 6/8 (75%) [101]
with autologous tumor HCC) MST: NA
Shi et al China 2004 Advanced and early Cytokine induced killer 13 RR:NA, DCR: NA [78]
HCC cell MST: NA
Mazzoliniet  Spain 2005  Advanced HCC Dendritic cell 17 (8 RR:0/0 (0%), DCR: 2/8 (25%) [103]
al transfected with HCCQ) MST: NA
adenovirus encoding
IL-12 gene
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Chi Taiwan 2005  Advanced HCC Local radiation + 14 RR:2/14 (14%), DCR 9/14 (64%) [104]
intratumoral DC MST: 5.6 mo
injection
Lee et al Taiwan 2005  Advanced HCC Denderitic cell pulsed 31 RR:4/31 (13%), DCR 21/31 (68%) [79]
with autologous tumor MST: NA
Kumagietal Japan 2005  Advanced HCC  Intratumoral dendritic 4 Feasibility study [106]
cell injection after
ethanol injection
Butterfield et United 2006  Advanced HCC Dendritic cell pulsed 10 RR:0/10 (0%), DCR 0/10 (0%) [55]
al States with AFP peptide MST: 7.5 mo
Nakamoto et Japan 2007 Advanced andearly Non-RCT:TACE+  10and No significant difference in survival [107]
al HCC dendritic cell vs TACE 11
alone
Weng et al China 2008  Adjuvant (TACE RCT: cytokine induced 45 and Significantly longer recurrence-free [109]
and RFA) killer cell vs no 40 survival after immunotherapy (P = 0.01)
treatment
Hui et al China 2009 Adjuvant RCT: cytokine induced 41, 43 Significantly longer recurrence-free [110]
(resection) killer cell 3 courses vs 6 and 43 survival after immunotherapy (P = 0.001
courses vs no treatment and 0.004)
Palmeretal United 2009  Advanced HCC Denderitic cell pulsed 35 RR:1/25 (4%), DCR 7/25 (28%) [111]
Kingdom with liver tumor cell MST: 5.6 mo
line lysate (HepG2)
Olioso et al Italy 2009  Advanced HCC  Cytokine induced killer 12 (1 Complete response [112]
cell + IFN-a HCCQ) Survival time: 33 mo (alive)
Hao et al China 2010  Advanced HCC Non-RCT: TACE+ 72 and Significantly longer survival after [113]
cytokine induced killer 74 combination therapy (P < 0.001)
cell vs TACE alone
Ma et al China 2010  Adjuvant (RFA) RFA and autologous 7 During a 7-mo follow-up, no severe [115]
RetroNectin activated adverse events, recurrences, or deaths
killer cells
Nakamotoet Japan 2011 Adjuvant (TACE) TACE + OK432- 13 and Significantly longer recurrence-free [80]
al stimulated DCs vs 22 survival after immunotherapy (P = 0.046)
TACE alone
Zhou et al China 2011 HCC with hepatitis Immature DCs, CIK, 10  This Phase I study revealed this therapy [116]
B (PMWA) CTL and tumor lysate- was safe and increased the percentage of
pulsed DC effector cells
Qiu et al China 2011 Adjuvant RCT: TAA-pulsed 9vs9 Significantly longer recurrence-free [117]
(resection) DC and CIK vs no survival after immunotherapy (P =
treatment 0.00121)
Tada et al Japan 2012  Advanced HCC TACE + multiple TAA- 5 This Phase I / I study revealed this [118]
pulsed DC therapy was safe and increased the
percentage of effector cells
Cui et al China 2014  Adjuvant (RFA) RFA + NK cells, ydT 30 and Significantly longer recurrence-free [76]
cells and CIK cells vs 32 survival after immunotherapy
RFA alone

CIK: Cytokine-induced killer cells; CTL: Cytotoxic T lymphocyte; DCR: Disease control rate; GM-CSF: Granulocyte macrophage colony-stimulating factor;
HCC: Hepatocellular carcinoma; IFN: Interferon; IL: Interleukin; LAK: Lymphokine-activated killer cell; MST: Median survival time; NA: Not assessed; NK:
Natural killer; PMWA: Percutaneous microwave ablation; RCT: Randomized control trial; RFA: Radiofrequency ablation therapy; RR: Response rate; TAA:

Tumor-associated antigen; TACE: Transcatheter arterial chemoembolization; TIL: Tumor-infiltrating lymphocyte.

both innate and adoptive immune responses and
therefore provide a rationale for a treatment strategy
that combines immunotherapy with local ablative
procedures.

IMMUNOTHERAPY FOR HCC

The goal of immunotherapy in the treatment of
cancer is to provide a clinical benefit by facilitating
the immune response. The induction of long-lasting
tumor-specific responses without autoimmunity is
the ideal immunotherapeutic scenario. Several clinical
trials have been conducted in which immunotherapy
has been exploited to enhance anti-tumor responses
in patients with advanced HCC, or to reduce the risk
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of recurrence following curative treatment (Table
1). Although many of these studies were small non-
randomized trials, some at least demonstrated the
feasibility and safety of the overall strategy. Based on
these studies, immunotherapy was found to be safe,
even in patients with liver cirrhosis, as severe adverse
events were less intense and occurred less often when
compared to conventional chemotherapies. However,
most of them failed to demonstrate clinical efficacy.

CYTOKINE THERAPY

Efforts to enhance the immune response in the context
of HCC have been undertaken through methods
that incorporate immunostimulatory cytokines. For
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instance, interferon (IFN), which is used in patients
with viral hepatitis, has been utilized in patients with
HCC™!. IFN monotherapy has been investigated in an
adjuvant setting not only to prevent tumor recurrence
but also to inhibit any development of cancer, as in the
case of patients with chronic hepatitis B or C virus.

IFN-a induces an antitumor response by enhancing
cytotoxicity, tumor antigen presentation and lymphocyte
proliferation, and by blocking angiogenesis!****!, IFN-q,
treatment for HCC has demonstrated some clinical
efficacy, perhaps by preventing or delaying tumor
relapse after curative resection or ablation, with good
tolerance!***”,

Lai et a™® reported that IFN-o, was effective for
prolonging survival and inducing tumor regression in
patients with advanced HCC. IFN-a has also been used
in combination with chemotherapy, such as cisplatin
and 5-fluorouracil (5-FU), for advanced HCCM**,
Obi et al®" reported that in HCC patients with portal
venous invasion a combination of 5-FU and IFN-y
treatment led to complete response in 16% and partial
response in 36%. IFN-y alone induced apoptosis and
inhibited cell growth in HCC®?. The combination of
IFN-y and granulocyte-macrophage colony-stimulating
factor (GM-CSF) was tested and found to be effective
in selected advanced HCC patients. However, due to
the controversy concerning the effect of IFN on HCC
patients and the high rate of toxicity, this regimen
cannot be recommended as a standard treatment for
all HCC patients.

IL-2, one of the most highly immunostimulatory
cytokines, has key functions in the immune system.
The effect of IL-2 has been evaluated in various
cancers, particularly melanoma and renal cell
carcinoma, for its ability to stimulate the proliferation
and activity of T cells that would cause tumor
regression®>*", IL-2 has also been tested for treating
HCC patients, but unfortunately, no effect was noted.

TAA TARGETED THERAPY

A particularly innovative strategy involving the immune
system has been to exploit the constellation of unique
proteins that are expressed specifically on tumor
cells. Such proteins, or so-called TAAs, are mutant or
aberrantly expressed antigens that are recognizable
by the adaptive immune system. For instance, tumor-
specific CD8" T cells are considered to be critical for
cancer control. These T cells recognize 8-11 amino acid
peptides that are derived from TAAs and are presented
in association with MHC class I complexes. TAAs
have been targeted through the isolation of antigen-
specific human monoclonal antibodies or the design
of humanized or chimeric monoclonal antibodies.
Tumor-targeted antibodies such as rituximab (CD20)
for lymphoma, trastuzumab (HER2/NEU) for breast
cancer, bevacizumab (VEGFA) for metastatic colorectal
cancers and lung cancer, and cetuximab (EGFR) for
metastatic colorectal cancer and advanced head-and-
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neck cancer have been shown to be effective and are
currently part of standard treatment modalities.

Many TAAs have been targeted for HCC immu-
notherapy. AFP has been the most thoroughly
investigated as a potential HCC tumor-specific antigen.
Several AFP-based immunotherapeutic regimens have
been reported; however, no dramatic clinical benefits
were observed™>*®,

GPC3 is a member of the glypican family of
heparan sulfate proteoglycans that are attached to
the cell surface via a glycosylphosphatidylinositol
(GPI) anchor. GPC3 is not only tumor-specific but
also has a role in cell proliferation; therefore, it is
an attractive target for HCC. GPC3 is specifically
overexpressed in 70%-81% of HCC tumors, and it
correlates with poor prognosis™”*®, GPC3 can be used
as a serum biomarker, and immunostaining for GPC3
is recommended for the pathologic diagnosis of early
stage HCC by international guidelines™.

The feasibility of peptide-based vaccine or antibody
immunotherapy targeting GPC3 has been investigated
in several studies. We have conducted a Phase I clinical
trial using GPC3-derived peptide vaccines in patients
with advanced HCC™®, Advanced HCC patients (n
= 33) were administered GPC3 vaccination with the
following protocol: intradermal injections on days 1, 15
and 29 with dose escalation. GPC3298-30s (EYILSLEEL)
was used in HLA-A24-positive patients and GPC3144-152
(FVGEFFTDV) in HLA-A2-positive patients. The GPC3-
derived peptide vaccines demonstrated antitumor
effects as well as safety. A partial response (PR) was
observed in one patient and in 4/19 patients with
stable disease (SD); the degree of tumor necrosis
or regression exhibited did not meet the criteria for
PRs. Two months after the initiation of treatment,
the disease control rate (PR + SD) was 60.6%. The
serum AFP and/or des-y-carboxy prothrombin levels
associated with HCC decreased temporarily in nine
patients. Moreover, we analyzed the GPC3-specific
cytotoxic T lymphocyte (CTL) frequency ex vivo with
an IFN-y enzyme-linked immunospot (ELISPOT) assay.
Increased numbers of GPC3 peptide-specific CTLs in
peripheral blood were found in 30 patients following
GPC3 peptide vaccination. The frequency of GPC3
peptide-specific CTLs in the peripheral blood was also
correlated with OS in HCC patients who received the
peptide vaccination. In fact, the frequency of GPC3
peptide-specific CTLs constituted the only prognostic
factor for OS in this trial. The median OS was 12.2 mo
(95%CI: 6.5-18.0) in patients with a high frequency
of GPC3 peptide-specific CTLs versus 8.5 mo (95%CI:
3.7-13.1) in individuals with a low GPC3-specific CTL
frequency (P = 0.033). These observations indicate
that GPC3-derived peptide vaccines represent a novel
immunotherapeutic strategy for patients with HCC and
have the potential to improve OS.

Subsequently, a Phase I study of the GPC3-derived
peptide vaccine was conducted as an adjuvant therapy
for HCC patients. Patients (n = 40) with primary HCC
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who had undergone surgery or radiofrequency ablation
were enrolled in this open-label, single-arm trial. They
received 10 vaccinations over 1 year following curative
treatment. The primary endpoints were the 1- and
2-year recurrence rates. The secondary endpoints were
immunological responses, as measured by the IFN-y
ELISPOT assay. The correlations between the time of
recurrence and immunological responses are currently
being analyzed.

We have also conducted a trial to determine whe-
ther tumor-infiltrating lymphocytes with an antitumor
effect are actually increased in advanced HCC cases.
Liver biopsies were performed before and after GPC3
peptide vaccination, as per the protocol. In this trial,
GPC3 peptide-specific CTLs were detected in liver
biopsy specimens of one patient by flow cytometry
with dextramer staining. The results of this study will
be reported in the near future.

In another approach, GPC3 antibodies have been
developed and are currently under clinical evaluation
for the treatment of HCC patients. GC33 is a novel
recombinant fully humanized monoclonal antibody that
binds to human GPC3. In a Phase I study, patients (n
= 20) treated with GC33 showed good tolerance and
no dose-limiting toxicity’®”. An SD of more than 26
wk was observed in 4/15 (16.7%) patients, all of who
were in the GPC3 high expression group. The median
OS in the GPC3 high expression group (49.4 wk,
95%CI: 12.6-81.0 wk) was greater in the GPC3 low or
no expression group (13.0 wk, 95%CI: 10.6-54.9 wk;
P = 0.142). Thus, antitumor activity associated with
the target GPC3 expression was observed in this study.

A Phase I study has also been performed to
elucidate the therapeutic benefit of a combination
therapy of GC33 and sorafenib. A Phase II study of
GC33 in patients with advanced or metastatic HCC
has also been completed and the results are currently
undergoing analysis.

Other TAAs have also been explored as potential
vaccine targets. MAGE-A1l is overexpressed in
approximately 65% of HCCs, MAGE-A3 in approximately
70%, and NY-ESO-1 in approximately 45%".
However, to our knowledge, there have been no
reports of these TAAs in vaccine trials for HCC. On
the basis of genomic data sets, a number of TAAs
overexpressed in HCC will potentially prove to be
highly immunogenic. Furthermore, elucidation of the
underlying molecular and cellular mechanisms involved
may further advance TAA targeted immunotherapy as
a viable treatment option.

IMMUNE CHECKPOINT INHIBITORS

The balance between co-stimulatory and co-
inhibitory signals determines the cytotoxic T-cell
activation and intensity of the immune response®’.
Immune checkpoint receptors are often upregulated
in tumor tissue and promote tumor evasion from
host immunosurveillance. As receptors, they readily
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emerged as a novel class of potential targets to be
modulated in order to stimulate the immune response.
CTLA-4, PD-1, TIM-3, LAG-3, BTLA, VISTA, and OX40
are the most studied immune checkpoint receptors.

CTLA-4 has been the first immune checkpoint
receptor to be clinically targeted. It is expressed
exclusively on activated T cells, Tregs, and naive T
cells’® %, CTLA-4 binds to CD80/CD86 with much
higher affinity than CD28, antagonizes the CD28
binding to CD80/CD86, and inhibits T-cell and antigen-
presenting cell (APC) activation™”*”), Ipilimumab blocks
the interaction of CTLA-4 with its ligands CD80/CD86
and thereby promotes T-cell activation, The United
States Food and Drug Administration (FDA) approved
ipilimumab for the treatment of melanoma in 2011
based on a randomized Phase Il trial where OS was
improved by nearly 4 mo.

Efficacy of a different anti-CTLA-4 antibody,
tremelimumab was also examined in a Phase I trial
for HCC patients (n = 21) with inoperable cancer
and chronic HCV infection™, Tremelimumab was
well tolerated, and there were no treatment-related
deaths. PR and SD rates were 17.6% and 76.4%
respectively, and 45% of the patients experienced SD
for more than 6 mo. Interestingly, tumor response was
greater in patients with stable levels of IFN-y during
the treatment compared to those with lower levels. It
was proposed that more active antitumor immunity
occurred in these patients in response to the therapy.
A Phase I clinical trial combining tremelimumab with
RFA or TACE is ongoing.

PD-1 is a CD28 superfamily member that trans-
mits co-inhibitory signals for the TCR receptor and
is expressed not only on activated T and B cells,
but also Tregs and MDSCs"®, PD-1 mediates the
differentiation and proliferation of Tregs and therefore
regulates peripheral tolerance and autoimmunity!".,
Preliminary clinical results for an antibody against
PD-1, lambrolizumab, indicate that this protein is
a critical target for the enhancement of antitumor
immunity and with the potential to produce durable
antitumor efficacy. Lambrolizumab induced tumor
regression in advanced melanoma patients with a
favorable tolerance’., Interestingly, lambrolizumab
was effective even in patients who failed ipilimumab
treatment, indicating a fundamental distinction in the
mechanisms underlying PD-1 and CTLA-4 blockade.
Finally, the combination of nivolumab, a different
PD-1 antibody, with ipilimumab achieved antitumor
response with limited toxicity in 40% of patients with
advanced hematologic malignancy"”®. A Phase I trial of
nivolumab for patients with advanced HCC is currently
underway (NCT01658878).

CELL TRANSFER IMMUNOTHERAPY

Adoptive cell therapy (ACT) is exploits the cancer
patient’s own lymphocytes with anti-tumor activity, and
works by expanding the cell population ex vivo and then
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Figure 1 Combination strategies incorporating immunotherapy
demonstrate augmented antitumor effects. Survival of patients is plotted
against time in months. Red line: Combination therapy; Blue line: Conventional
therapy.

reinfusing into the patient.

ACT therapy has been demonstrated to be effec-
tive in the treatment of a number of tumor types,
such as melanoma, renal cell carcinoma and neuro-
blastoma'®>’*”®\, In the first randomized study of ACT
therapy in HCC patients, IL-2 and anti-CD3 were used
to stimulate autologous peripheral blood mononuclear
cells (PBMCs) in an adjuvant setting following curative
resection of HCC. The ACT therapy reduced tumor
recurrence by 41%"%, Sequential RFA/ACT has also
been shown to significantly reduced the risk of HCC
recurrence compared to RFA alone [hazard ratio (HR)
= 50.136, 95%CI: 0.049-0.379]"°, While the efficacy
of ACT in HCC patients remains an unknown, the
feasibility and safety of this therapeutic approach have
been evaluated””’®.

In a second strategy, DC-based immunotherapy
has been attempted for HCC patients with various
methods of stimulating the cells. In the first Phase I /11
clinical trial, AFP peptide-pulsed DCs were used
in patients (n = 39), and the disease control rate
(PR + SD) was 28%"™°\. In a second method, DCs
were pulsed with tumor lysate. DCs treated with
tumor lysate rather than a specific molecular target
demonstrated a 10% PR in HCC patients, confirming
the feasibility and safety of DC vaccination in these
patients”, Finally, DCs were stimulated with OK432, a
streptococcus-derived anti-cancer immunotherapeutic
agent, and transferred into tumor tissues during/after
transcatheter hepatic arterial embolization (TAE)®.
The immunomodulatory effects and clinical responses
were evaluated in HCC patients (n = 13) and
compared to historical controls (n = 22) treated with
TAE only. The patients treated with OK432 stimulated
DCs and TAE had prolonged recurrence-free survival
compared to the historical controls (recurrence rates
360 days after treatments were 2/13 and 12/22,
respectively; P = 0.046). The results demonstrated
that DCs stimulated with OK432 and transferred after
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TAE reduced tumor recurrence in HCC patients.

The third cell type used in an effort to enhance
immunotherapy for HCC has been T cells modified
with a chimeric antigen receptor (CAR)®". CAR T cells
can specifically recognize tumor-associated antigens
and eliminate tumor cells in a MHC-independent
manner. Second- or third-generation CAR improved
the anticancer effect; most of the clinical successes
of CAR T cell immunotherapy have been achieved
in the setting of CD19-positive B-cell hematologic
malignancies where the CR rate was 69%-90%"1*%,
In addition, GPC3-specific CAR T cells have been
developed, and their potential for HCC treatment
evaluated™’. The results revealed that T cells
expressing third-generation GPC3-targeted CAR have
the ability to eliminate HCC xenografts with high GPC3
expression in mice. Finally, NK cell infusions are being
tested as therapy for refractory tumors. NK cells have
diverse immunological functions that also include
recognizing and killing cancer cells. For HCC, the trial
of Safety Study of Liver Natural Killer Cell Therapy for
Hepatoma Liver Transplantation (MIAMI NK) has only
just been completed (NCT01147380).

CONCLUSION

Immunotherapy is one of the most promising and
biologically intriguing strategies today for the treat-
ment of aggressive human cancers. The approach
is gaining momentum through rigorous clinical and
basic research efforts. However, to establish the
benefit of tumor immunotherapy in the treatment of
HCC and to expand the indications for this approach,
several challenges must be addressed. First, it is
necessary to better define the patient population
that will benefit from immunologic therapies and
expand this population to encompass more than a
minority of patients. This includes the identification
of novel biomarkers to predict who may benefit
from immunotherapy. Second, although several
immunotherapies demonstrated feasibility and safety,
the anti-tumor effect has been inadequate overall.
Combination strategies with another immunotherapy
or conventional cancer therapy, such as chemotherapy
and radiotherapy, may increase the percentage of
patients that respond to tumor immunotherapy.
Therefore studies are needed to determine which
combinations are the most effective. RFA and TACE
used routinely in patients with HCC have been shown
to induce immune responses and could potentially
synergize with tumor immunotherapy. Indeed, several
combination strategies have demonstrated augmented
antitumor effects and are likely to improve survival
rates similar to other cancers (Figure 1). For instance,
we recently demonstrated that a PD-1/PD-L1 blockade
facilitated the antitumor effects of a peptide vaccine
by enhancing the immune response of vaccine-
induced CTLs in a murine model®®. Such studies
would lay the foundation for the clinical development
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Table 2 Criteria for immunotherapy

Criteria Author Year

RECIST Therasse et al™ 2000
irRC Wolchok et al™” 2009
mRECIST  Lencioni et al™ 2010
irRECIST ~ Wolchok et al™® 2014

Journal

J Natl Cancer Ins
Clin Cancer Res
Semin Liver Dis
Ann Oncol: conference minutes

RECIST: Response Evaluation Criteria in Solid Tumors; irRC: Immune-
related response criteria; mRECIST: Modified RECIST; irRECIST: Immune-
related response RECIST.

of a combination therapy. Third, sufficient evaluation
criteria for immunotherapy are needed. Two different
response evaluation tools already exist for HCC:
RECIST and modified RECIST (mRECIST) (Table 2).
Otherwise, the effect of immunotherapy is evaluated
by immune-related response criteria (irRC) or
irRECIST. The cancer response to immunotherapy is
difficult to evaluate because its effect is delayed. These
criteria need to complement one another and precisely
evaluate the subsequent effect of immunotherapy
for HCC. Addressing these problems will greatly
facilitate realization of the full potential of these novel
immunotherapies for the treatment of this intractable
disease.
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