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Immunotherapy of hepatocellular
carcinoma

Bruno Sangro*!, Daniel Palmer? & Ignacio Melero?

Practice points

e Dendritic cell vaccination in hepatocellular carcinoma (HCC) patients is feasible and safe, and there is
evidence of immune responses following vaccination but clinical efficacy is still not proved.

® Glypican-3 is overexpressed in up to 80% of HCC tumors and a vaccination strategy using GPC3-
derived epitopes has shown to produce some objective tumor responses in an early trial.

® Ongoing research projects are analyzing the peptidome of HCC patients to develop a universal
vaccine comprising multiple tumor-associated peptides naturally presented in human tumors.

® |FN-q, the only immunostimulatory cytokine tested in HCC, is not effective in reducing postoperative
recurrence of early HCC or prolonging survival among patients with inoperable tumors.

® Pexa-Vec, an armed oncolytic poxvirus that carries the human GM-CSF gene, was able to produce
objective tumor responses in early trials but has failed to prolong survival among patients with
advanced HCC who had failed sorafenib.

® Tremelimumab, a human monoclonal antibody that binds to CTLA-4, has recently shown encouraging
signs of antitumor and antiviral activity in HCC patients with hepatitis C virus infection. This has
paved the way for other immune checkpoint inhibitors like the PD-1-blocking nivolumab that is under
extensive clinical testing.

e There is a wide consensus that combination immunotherapy strategies should be developed
including the combination of different checkpoint inhibitors or the combination of these agents with
vaccines, adoptive T-cell therapy or conventional therapies.

SUMMARY Newer immunotherapy agents may break the barrier that tumors create to
evade the attack from the immune system. Dendritic cell vaccination has shown encouraging
clinical activity and a favorable safety profile in advanced tumor stages. However, optimal
cell maturation status, choice of tumor antigens and route of administration have not been
established. Single or multiple peptides derived from tumor-associated antigens may
also be used for cancer vaccination. Intratumoral delivery of oncolytic viruses expressing
immunostimulating cytokines like GM-CSF have produced stimulating clinical results that
need further verification. But it is probably T-cell checkpoint modulation with monoclonal
antibodies that has attracted the highest expectations. Promising activity has been reported
for tremelimumab, a CTLA-4 inhibitor, and a clinical trial testing the PD-1 antibody nivolumab
is underway. Future progress will probably come from a better understanding of the
mechanisms of cancer-related immunosuppression, improvement in agents and strategies
and combination of the available therapeutic tools.
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Cancer growth exemplifies a failure of the
immune system. The proposal of cancer
immunosurveillance and immunoediting [1] and
other theories that may help explain the complex
phenomena of immune escape by tumor cells [2]
are beyond the scope of this review. Restoration
and re-inforcement of the effectiveness of the
immune system should therefore have a negative
effect on cancer persistence and growth. After
decades of defeats, immunotherapy has been
recently integrated into the systemic therapy of
melanoma and prostate cancer. Eyes turn now to
other malignancies that may become amenable
to immune modulation including hepatocellular
carcinoma (HCC). With only one systemic ther-
apy (sorafenib) currently approved for advanced
HCC, we are in great need of new agents that
may help improve the prognosis of this still
dreadful tumor, alone or in combination.

HCC possesses characteristics that render
it a potential target for immunotherapeutic
manipulation. There is an active recruitment of
lymphocytes, which have specific mechanisms to
recognize and bind to tumor endothelium and
infiltrate tumor tissue, suggesting a potential for
cytotoxic effector cell activation [3] and there is a
correlation between the density of lymphocytic
infiltrates in HCC lesions and prognosis [4]. In
addition, tumor infiltrating lymphocytes derived
from HCC and then expanded ex vivo with IL-2
have the ability to lyse autologous tumor cells
(5]. However, tumor infiltrating lymphocytes
in HCC are only partially activated, prolifer-
ate only at very low levels and fail to kill tumor
cells unless activated by IL-2 in vitro. The fact
that HCC develops in immunocompetent hosts
indicates a failure to mount an adequate anti-
tumor immune response naturally. Tumors
evade immune detection by generating an
immune-inhibitory microenvironment through
diverse mechanisms that include but are not
limited to the secretion of immuno-inhibitory
cytokines such as IL-8 (6], downregulation of
the CD95 receptor and lymphocytes killing
through expression of Fas ligand [7] and TRAIL
8], expression of ligands for T-cell inhibition
such as PD-L1 [9,10], recruitment or induction
of suppressive immune cells including regu-
latory T cells [11,12], MDSC [13] and invariant
NKT cells (14].

Immune therapies of cancer can be classi-
fied based on the role of the immune system
in the therapeutic response. Passive or adoptive
immunotherapy is based on administration of
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antitumor antibodies or transfer of tumor reac-
tive lymphocytes, while active immunotherapy
aims at eliciting new specific immune response
against tumor antigens (cancer vaccines) or at
amplifying an existing although insufficient
antitumor immune response by administering
nonspecific proinflammatory molecules or adju-
vants. Such cancer vaccines can be based on cells
(dendritic cells [DC]), RNA or tumor-specific
peptides.

On the other hand, immunotherapy can
be classified from a product perspective in
cell-based and non-cell-based strategies. The lat-
ter include agents such as cytokines, inductors
of tumor cell immunogenic death, antibodies or
biomolecules that signal through co-stimulatory
molecules or block co-inhibitory receptors, and
agents that cause depletion or inactivation of
regulatory T cells or impact the function of mye-
loid-derived suppressor cells inside the tumor.
Chemotherapeutic agents that may cause partial
or specific immune cell depletion (i.e., gemcit-
abine depleting myeloid suppressor cells or cyclo-
phosphamide depleting T regulatory cells) or
those small molecules that influence metabolic
pathways related to immunosupresive mecha-
nisms (i.e., arginase, indoleamine dioxygenase
or NO synthetase) will not be considered in this
review.

Cell-based immunotherapy

A number of cell-based immunotherapy
strategies have entered clinical trials or are in
preclinical development for HCC including
DC, cytokine-induced killer cells, NK cells and
genetically modified T cells (Figure 1).

¢ Dendritic cells

The activation of tumor-specific cytotoxic
T cells requires three synergistic signals: the
presentation of tumor antigen by antigen-pre-
senting cells to specific T-helper cells; the inter-
action between costimulatory factors (such as
B7.1 and CD28 ligand); and the secretion of
immunostimulatory cytokines (such as IL-2 and
IL-12) by activated T-helper cells and antigen-
presenting cells as well. Certain DC subtypes
may also cross-present antigen directly to CD8*
cytotoxic T cells through processing of exog-
enous antigen via the MHC class I pathway.
DCs are the most potent professional antigen-
presenting cells. They can capture, process and
present antigens to naive T cells, stimulating
their proliferation and activation. They provide
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Figure 1. A summary of strategies used in cell-based immunotherapy of hepatocellular carcinoma.

the optimum costimulatory environment, with
high levels of MHC I and II, costimulatory mol-
ecules (CD40, B7), adhesion molecules (inter-
cellular cell adhesion molecule 1) and stimu-
latory cytokines (IL-12, IFN-a) to evoke an
immunostimulatory signal against that antigen.

However, DC function in HCC is suppressed
as a result of the production of local factors
within the tumor microenvironment, includ-
ing IL-10, IL-6. M-CSF and VEGF, and this
leads to a failure of DCs to induce antitumor
immune responses through impaired differen-
tiation, maturation and function and indeed,
immature DCs may contribute to the immuno-
suppressive tumor microenvironment through a
lack of appropriate costimulatory signals result-
ing in deletion of antigen-specific T cells and
expansion of regulatory T cells [15.16]. Recent
darta have indicated that HCC may also induce
a subset of CD14* regulatory DC that further
contributes to immunosuppression through pro-
duction of IL-10 and IDO, which is dependent
on CTLA4 expression on the DC and which
suggests a potential additional mechanism of
action for anti-CTLA4 antibody therapy [17].
This underpins the rationale for activating DCs
in vitro to overcome tumor-associated immuno-
suppression and re-infusing them into patients
to stimulate antitumor immunity. The use of
DCs as a platform for therapeutic vaccines is
facilitated by the ability to harvest them from
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peripheral blood in sufficient numbers, and to
manipulate them ex vivo to present antigens of
interest [18].

DC-based immunotherapy has been tested
in clinical trials in melanoma, prostate can-
cer and renal cell cancer, as well as in HCC
(19-24]. Safety has been demonstrated with vari-
able efficacy. Based on a positive randomized
Phase III trial in 512 patients with metastatic
castrate-resistant prostate cancer, sipuleucel-T
(Provenge, Dendreon) an autologous DC vac-
cine pulsed ex vivo with a fusion protein com-
prising a prostate cancer antigen (prostatic acid
phosphatase) and GM-CSF has recently become
the first US FDA-approved commercial cellular
cancer vaccine, demonstrating that this technol-
ogy can be broadly applied across multicenter,
multinational clinical trials and as a standard
of care [25].

A number of early phase trials of DC
vaccination have been conducted in the setting
of advanced HCC largely using autologous DC
derived from PBMC and pulsed ex vivo with one
or a number of tumor antigens. The largest study
reported clinical activity of an autologous DC
vaccine pulsed with the lysate of a liver cancer
cell line, HepG2, as a source of potential tumor
antigens, which include a-fetoprotein (AFP)
with evidence for the generation of antigen-
specific immune responses. Immune responses
against AFP and against the vaccine could be
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detected using ELIspot as a functional meas-
ure of the frequency of T cells that produce
the Thl immunostimulatory cytokine, IFN-y,
when stimulated by a specific antigen. In some
cases, this was associated with a significant fall
in serum AFP suggesting the generation of
effective immune responses against the tumor
(26]. A further trial randomized 30 patients
with advanced HCC (and advanced underlying
liver disease, mostly Child-Pugh B) to receive a
similar HepG2-pulsed DC vaccine or support-
ive care. Again, vaccination was well tolerated
with evidence of clinical and immunological
responses. Survival was numerically longer in
patients receiving vaccination (median 7 vs
4 months) but the trial is too small to draw
meaningful conclusions from this [27]. A trial
using DC loaded with autologous tumor lysate
and using two different schedules of administra-
tion has similarly reported safety, reassuringly
with no evidence of autoimmunity, with some
evidence of efficacy and a suggestion that pulsed
vaccination followed by monthly boosters may
be superior to five pulsed vaccinations alone,
although this was not a randomized compari-
son [23]. A study using immature DCs pulsed
with human leukocyte antigen (HLA)-A0201-
restricted AFP peptides reported the induction
of AFP-specific CD8* T-cell responses, though
no clinical responses were seen [22]. Subsequent
analysis also demonstrated that DC vaccina-
tion could reduce the proportion of regulatory
T cells and enhance CD56*/CD16*- NK cells,
which have the potential to kill tumor cells with
low-level MHC expression that might otherwise
escape immune recognition [28].

These studies illustrate several key points in
the development of cellular immunotherapy for
HCC. First, it is feasible to generate autologous
DCs from patients even with advanced malig-
nancy and coexistent chronic liver disease. These
DC:s can be antigen-loaded ex vivo and matured
using the appropriate cytokine cockrail prior to
re-infusion. Second, DC vaccination appears
to be safe and tolerated well with no significant
toxicity and, in some cases despite loading with
multiple antigens from whole cell lysates, no evi-
dence of autoimmunity. And third, there is evi-
dence of immune responses following vaccina-
tion. However, there remain several unanswered
questions in the further development of DC vac-
cines for HCC. These include the optimal matu-
ration status of the DC, the choice of tumor
antigens and the route of administration of the
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vaccine. Evidence suggests that immature DCs
may induce anergy rather than an antitumor
immune response, via secretion of Th2-type
cytokines, whereas mature DCs, through high
levels of MHC and costimulatory molecules,
induce and sustain a specific immune response
[29]. Studies that have used TNF-a-treated DCs,
which result in a mature CD83* DC population
26], have reported encouraging clinical responses
that were lacking from previous studies using
immature DCs [22].

The optimal antigen(s) for incorporation into
a DC vaccine for HCC is also an unresolved
question. Expression of a number of antigens,
including Mage-1 and -3, and NY-ESOI, has
been demonstrated in HCC, but no single
antigen is omnipresent and detailed knowl-
edge of specific T-cell reactivity against many
of the antigens is limited [3031]. AFP is also a
potential candidate antigen. One might expect
that because AFP is a nonmutated self-antigen
highly expressed in fetal liver, responsive T cells
would be largely deleted. However, studies have
reported that AFP-specific T cells can be detected
in healthy individuals and in cirrhoticand HCC
patients, and that these can be re-stimulated and
expanded in patients with HCC even in the pres-
ence of high serum levels [22,32-34]. Studies have
also demonstrated the ability to induce T-cell
responses against AFP using AFP peptide-pulsed
DC:s [22]. The immunodominant epitopes from
AFP are not well characterized. Published stud-
ies suggest that both dominant and subdomi-
nant epitopes are recognized by the human
T-cell repertoire in patients with HCC resulting
in expansion of IFN-y-producing effector cells.
The response is complex because T cells specific
for subdominant epitopes are of similar or higher
avidity than those specific for immunodominant
ones, and in vitro DCs stimulate broad responses
(16]. Further, use of specific peptides may limit
the applicability of a vaccine to patients with the
appropriate specific HLA type.

Because no single antigen is ubiquitously
expressed by HCC, some studies have used
whole cell lysate as a source of multiple anti-
gens (including AFP). An advantage of this
approach is that DCs pulsed with whole pro-
tein will be more effective at eliciting antigen-
specific responses from both CD4 helper T cells
and CD8" cytotoxic T cells to multiple antigens,
independent of HLA type. Activation of both
CD4* and CD8* T cells appears to be a prereq-

uisite for a robust antitumor immune response
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(35 and the generation of T cells against mul-
tiple antigens may reduce the risk of tumor
escape through downregulation of a single
specific antigen. Indeed, a study of naturally
occurring CD8 T-cell responses in a series of
patients with HCC suggested that responses to a
broader range of tumor-associated antigens may
be positively associated with survival 36]. Several
studies have used the hepatoblastoma cell line,
HepG2. It expresses high levels of AFP and is
readily available, making it a pragmatic choice
for clinical studies. Studies have also shown
that specific anti-HCC T cells can be generated
in vitro by DCs pulsed with HepG2 total RNA
(37]. Other liver cancer cell lines may equally
be used. Autologous tumor lysate may be used
but may be unpredictable in its availability and
there is potential variability in antigen expres-
sion between individuals that might limit the
investigation of T-cell responses. The use of
whole cell lysate is associated with encouraging
evidence of clinical responses whereas studies
using HLA-restricted peptides failed to induce
clinical responses, which may be a consequence
of the lack of CD4 help. Conversely, whole cell
lysate may increase the risk of autoimmunity
through shared epitopes with normal tissues.
However, this has not been observed in studies
to date.

The optimal route of vaccination also remains
to be determined. Because antigen presentation
to T cells by DCs normally occurs in lymph
nodes, it appears logical to deliver vaccine via
the route that optimizes their access to regional
nodes. However, it is not yet known whether this
requires direct inoculation to the regional nodes
(which for the liver may be technically challeng-
ing), or whether a more convenient route such
as inguinal nodes, intradermal or intravascular
(either through the hepatic artery or intrave-
nously) might allow DCs to home to nodes. This
process may be influenced by the maturation
status of the DCs. Although priming in regional
hepatic nodes may, in principle, generate T cells
with preferential liver homing properties, T cells
may also be primed by DC in the spleen and it is
also not yet known whether priming in hepatic
lymph nodes is more effective than in other sites.

Studies have shown that immature DCs
injected into the tumor artery survive for sev-
eral weeks within the tumor and are capable of
generating T-cell responses against tumor anti-
gens [624,38]. A study inoculating lysate-loaded
DCs either intratumorally, subcutaneously or
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intravenously in a murine subcutaneous HCC
model suggested intracumoral to be the optimal
route. However, these DC were also engineered
to express CD40 ligand, which may directly
induce apoptosis and upregulate antigen-pro-
cessing machinery in CD40-positive HCC cells
when administered intratumorally and might
explain the apparent superiority of this route
(39-41]. Other studies suggest that DCs may
be trapped inside the tumor and are unable to
migrate to draining lymph nodes; thus, whether
intratumoral therapy is more effective than sys-
temic delivery is yet to be determined. Tracking
studies to define the distribution of DCs
administered via different routes are underway.

¢ Dendritic cells with cytokine-induced
killer cells

Although DC-based vaccination is feasible,
to date, clinical efficacy has been modest at
best. Cytokine-induced killer cells (CIK) have
the ability to kill autologous tumor cells in an
MHC-independent manner, which may be
important since downregulation of MHC may
commonly contribute to low tumor immuno-
genicity. In vitro studies have confirmed that
CIK derived from patients with AFP-secreting
tumors can be primed by AFP-loaded DC to
recognize and lyse an AFP-expressing HCC cell
line suggesting this to be a potential approach to
enhance antitumor immune responses [42]. This
approach has been tested in a small clinical trial
of nine patients who received immunotherapy
following standard chemo- or radio-therapy.
The immunotherapy approach was complex,
comprising bone marrow-derived CIK acti-
vated ex vivo by co-culture with DC derived
from PBMC loaded with autologous tumor cell
lysate from surgically removed tumor specimens.
Treatment was safe and well-tolerated, tumor-
specific immune responses could be elicited
and an impact on survival compared with nine
‘control’ patients who did not receive immuno-
therapy was claimed (median survival 17.1 vs
10.1 months), although treatment was not ran-
domly assigned and patient numbers were too
small to allow meaningful comparison [43].

e NKcells

The direct application of NK cell-based
immunotherapy for HCC is also being
investigated. NK cells may potentially recog-
nize and kill tumor cells through a number of
mechanisms: absence of MHC class I on tumor
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cells (the ‘missing self” hypothesis); expression
of ligands for appropriate activating receptors
expressed by NK cells; expression of ‘danger
signals’ such as Toll-like receptors within the
tumor microenvironment; or through sensitiv-
ity of tumor cells to TRAIL-induced apopto-
sis. Studies suggest that allogeneic liver-derived
NK cells activated ex vivo by IL-2 may be more
potent than autologous liver- or peripheral
blood-derived NK cells and clinical studies
suggest that isolation of such cells from donor
liver perfusate prior to liver transplantation is
feasible and may be worthy of study as adjuvant
immunotherapy for patients with HCC under-
going transplantation [44]. Other studies suggest
that Toll-like receptor, TLR-3 activation may
positively modulate endogenous NK cells and
the effect of TLR-3 ligation may be worthy of
further study [43].

¢ Genetically modified T cells

Genetic modification of peripheral blood T cells
to express antigen-specific T-cell receptors has
demonstrated clinical responses in pilot studies
for patients with malignant melanoma, although
the approach is currently labor-intensive, expen-
sive and confined to specialist centers. Similarly,
in preclinical studies, T cells have been engi-
neered to express TCR targeting hepatitis B
virus envelope antigen as a potential immuno-
therapeutic approach for patients with HBV-
associated HCC. However, since expression of
viral antigens is not confined to malignant hepat-
ocytes, there are concerns of hepatitis from such
an approach and T-cell therapy against tumor-
specific antigens may be a preferred approach for
further clinical development, though is currently
restricted by a limited choice of suitable target
antigens and, indeed, for such an approach to be
successful T cells redirected against a number of
antigens may be required [46].

Non-cell-based immunotherapy

Several other strategies aiming to stimulate
the immune response against cancer do not
use autologous cells as the therapeutic product
(Figure 2).

e Cytokines

Cytokines are secreted proteins used by immune
system cells for intercellular communication. A
number of them have potent immunostimu-
latory and antineoplastic activities in animal
models and the results of several Phase I and 11
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clinical trials in patients with gastrointestinal
cancer have been reported and recently reviewed
[47). IFN-a was initially considered a promising
treatment for cancer — and specifically for HCC
— due to its antiproliferative, proapoptotic and
immunomodulatory activities. However, it was
not effective in reducing postoperative recur-
rence of viral hepatitis-related HCC (48] and had
no effect on tumor progression rate and survival
among patients with inoperable advanced HCC
[49] at intermediate doses. A beneficial effect
might be expected at a higher dose [50], but toler-
ance is excessively poor. Furthermore, the com-
bination of IFN-a with cisplatin, fluorouracil
and doxorubicin was no better than doxorubicin
alone as first-line treatment of unresectable HCC
patients [51]. Other cytokines have not been eval-
uated specifically in HCC but produced no sig-
nal of beneficial effects in other gastrointestinal
tumors. This includes regimens incorporating

IFN-fB and IFN-y, TNF-o,, GM-CSF and IL-2.

¢ Oncolytic viruses

Oncolytic viruses are naturally found or much
more frequently genetically modified viruses
that replicate with some degree of selectivity
in malignant cells and induce their killing.
Cytokines can be integrated as transgenes in
oncolytic viruses to enhance the intrinsic immu-
nostimulatory effect of active viral replication
and the detection of its pathogen-associated
molecular patterns. Viral replication occurs
after intratumoral or even intra-arterial injec-
tion of these agents [52]. Oncolytic viruses have
been developed from adenovirus, herpesvirus,
vaccinia and others. Oncolytic poxviruses have
progressed further than other antitumor agents
in the clinical development pathway. They can
replicate selectively in cancer cells and produce
tumor cell necrosis and viral spread to tumor
tissues [53]. Pexa-Vec (JX-594) is an oncolytic
poxvirus engineered from the strain used for
smallpox vaccination. It carries a disruption
of the thymidine kinase gene that renders the
virus partially dependent on cellular thymi-
dine kinase, which is more abundant in cancer
cells; and the human GM-CSF gene under the
control of a synthetic promoter. The result is
that Pexa-Vec may cause direct oncolysis and
stimulate antitumoral immunity as a result of
local GM-CSF expression. It attains tumor
responses and enhances survival after intrave-
nous and intratumoral administration in ani-
mal models [54]. In a Phase I clinical trial where
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Figure 2. A summary of strategies used in non-cell-based immunotherapy of hepatocellular

carcinoma.

patients with refractory primary or metastatic
liver tumors were treated (including hepatocellu-
lar, colorectal, melanoma and lung carcinomas),
objective tumor responses were shown in both
injected and noninjected tumors [ss] providing
the proof of concept of the systemic potential
of this approach. In a more detailed analysis of
three patients with HCC and hepatitis B virus
infection, one of them achieved an objective
remission and the remaining two had a biologi-
cal (FDG-PET) response [56]. Acute induction
of circulating IL-4, -6, -10, TNF-o and IFN-y
was noted within the first 1-3 h after injection.
Unfortunately, subsequent results have not
been so encouraging. The TRAVERSE study
57] is a Phase IIb clinical trial in which patients
with advanced HCC who had failed sorafenib
treatment were randomized to receive Pexa-Vec
plus best supportive care or best supportive care
alone. Although the results are not fully avail-
able, a press release acknowledged that the study
did not meet its primary endpoint of a more
prolonged overall survival.

o Peptide vaccines

CD8* T cells may recognize tumor-associated
antigens and kill cumor cells. Tumor-associated
antigens are self-derived proteins rendered
immunogenic in tumors by mutation or aberrant
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expression [s8]. In HCC patients, several tumor-
associated antigens can spontaneously induce
CD8* T-cell responses including AFP, glypi-
can-3 (GPC-3), melanoma-associated gene-
Al (MAGE-A1) [59-61]. Some of these tumor-
associated antigens have been used for peptide
vaccination.

Glypican-3 (GPC3) belongs to the family
of heparan sulfate proteoglycans present in
the surface of hepatocytes and other cells.
Interestingly enough GPC3 is overexpressed in
up to 80% of HCC tumors and indicates a worse
prognosis [62]. This overexpression may help dif-
ferentiate HCC from nonmalignant dysplastic
nodules [63] and GPC3 immunohistochemistry
is increasingly used for diagnostic purposes.
Claimed as potentially valuable serum tumor
marker, it has not been validated for screening
purposes. From a therapeutic perspective, both a
vaccine and a monoclonal antibody approach are
under development. Two GPC3-derived epitopes
that bind to HLA-A2 and HLA-A24 [64] and are
able to induce antibody-dependent cellular cyto-
toxicity [65] were used in a pilot therapeutic vac-
cination clinical trial in which one or the other
was used depending on patient’s HLA haplo-
type [66]. The safety profile was not surprisingly
excellent with only 12% of patients experiencing
grade 3 adverse events (increased transaminases
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or bilirubin). Promisingly, an objective partial
response was observed among 33 treated patients
and four additional patients showed signs of
tumor response or necrosis that did not qualify
for a partial response. Furthermore, GPC3-
specific T-cell responses were observed in 91%
of patients and GPC3-specific CTL frequency
correlated with survival. Following these obser-
vations, an ongoing Phase II clinical trial is
allegedly exploring the efficacy as an adjuvant
therapy after resection.

Single or multiple peptides derived from
tumor-associated antigens may be used for
cancer vaccination, generally in combination
with adjuvants like Freund’s or poly(I:C). One
such vaccine consisting of multiple tumor-asso-
ciated peptides naturally presented in human
renal cell cancer tissue has been tested in a
randomized Phase II trial that confirmed that
immune responses to multiple tumor-associated
peptides were associated with longer overall sur-
vival [67]. This approach is now being explored
in HCC patients in an ongoing EU Project
(HEPAVAC) [68].

e T-cell checkpoint inhibitors
Monoclonal antibodies that act by blocking the
negative signals of T-cell checkpoints probably
draw the highest expectations in cancer immu-
notherapy nowadays [69]. Targeting cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4),
programmed death 1 (PD-1) and programmed
death ligand 1 (PD-L1) by use of monoclo-
nal antibodies has revolutionized the field of
cancer immunotherapy in the last few years.
Tremelimumab and ipilimumab are human
monoclonal antibodies that bind to CTLA-4.
At the immune synapses formed by the T lym-
phocyte and the antigen-presenting cells, the
role of CTLA-4 is to outcompete the binding
of the CD28 costimulatory receptor to CD80
and CD86 [70]. In addition, binding of CTLA-4
and B7 sends an inhibitory signal that serves as a
natural brake for T-cell activation [71]. CTLA-4
blockade by monoclonal antibodies releases
this brake and enhances T-cell activation and
proliferation through various mechanisms still
under study [72,73], which may include partial
intratumoral depletion of regulatory T cells [74].
Tremelimumab was shown to produce tumor
responses among patients with metastatic
melanoma [75] and metastatic colorectal can-
cer [76] while ipilimumab (another CTLA-4-
blocking mAb) demonstrated a survival
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advantage over a gpl00 vaccine among patients
with advanced melanoma [77]. In a pilot
Phase II clinical trial targeting the popula-
tion of HCC patients with chronic hepatitis
C virus infection, tremelimumab has recently
shown signs of antitumor and antiviral activity
(78]. Twenty-one patients with mostly advanced
tumors (57% were on BCLC stage C) and vary-
ing degrees of liver dysfunction (43% were on
Child-Pugh class B) received tremelimumab at
a dose of 15 mg/kg every 90 days until tumor
progression or unacceptable toxicity. Treatment
was overall well tolerated with an itching skin
rash being the most frequent adverse event.
Transaminases peaked transiently after the first
dose in more than half the patients (grade 3 or
higher in 45% of cases) but did not lead to liver
failure or recurred in following cycles. The rea-
son for this liver insult is obscure since it was not
associated with an increase in viral load or with
significant changes in circulating cytokines,
leaving an overproduction of proinflammatory
cytokines by intrahepatic immune cells the most
likely explanation.

Despite the reduced number of patients,
revealing signs of efficacy were observed. Three
patients (18%) had a partial response that was
durable in two cases (9.2 and 15.8 months)
and 10 patients (59%) had a stable disease
that in almost half of the cases lasted longer
than 6 months. Furthermore, a >50% drop in
o-fetoprotein was observed in 36% of patients
with high baseline levels (>100 ng/ml). The
median time to progression of 6.5 months (95%
CI: 3.95-9.14) compares well with most Phase IT
trials of targeted agents and provides further
evidence of antitumor activity. Tumor-specific
responses were not tested but specific T-cell
responses against hepatitis C virus antigens
were observed in most patients. Those patients
with absent or minor reductions in circulating
IFN-y post-treatment showed a significantly
better tumor response than those with a higher
than 50% reduction.

e Other monoclonal antibodies

Monoclonal antibodies may be used to block
inhibitory T-cell checkpoints other than
CTLA-4 including PD-1 and PD-LI. PD-1
receptor is expressed by T lymphocytes pref-
erentially with long-term exposure to antigens
and contributes to T-cell exhaustion. Its pri-
mary ligand PD-L1 is commonly expressed
in the tumor microenvironment, including
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cancer cells and tumor-infiltrating macrophages.
Antibodies that block the interaction between
PD-1 and PD-L1 in tumors have shown substan-
tial clinical antitumor activity [79]. Nivolumab
and lambrolizumab, respectively a fully human
and a humanized antibody that block PD-1, have
produced impressive durable objective responses
in patients with melanoma [80,81], renal-cell can-
cer and non-small-cell lung cancer (s1]. Following
these results, a dose-escalating Phase II clini-
cal trial is exploring the safety and efficacy of
nivolumab for the treatment of HCC, including
cohorts that explore viral etiology cases [82].

GC33 is a human monoclonal antibody that
binds GPC3 and has been tested in a small
pilot Phase I trial involving 20 patients with
advanced stage HCC [83]. Patients received
GC33 in escalating doses of 2.5-20 mg/kg given
weekly. No relevant or dose-limiting toxicities
were observed. Although no objective tumor
responses were observed, time to progression
was 26 weeks among patients with high GPC3
staining and only 7.1 weeks among those with
low GPC3 staining, suggesting that a delayed
tumor growth could have been induced by the
treatment. Further clinical development is now
awaited. An international Phase II clinical trial
exploring whether GC33 as a second-line sys-
temic treatment [84] may increase progression-free
survival among patients with advanced tumors is
underway. As it is a Phase I dose-finding clinical
trial exploring the combination of GC33 and
sorafenib [ss].

HN3 is another monoclonal antibody that
has been shown to prevent proliferation of
GPC3-positive tumor cells but not of tumor cells
that lack GPC3 or cells that had their GPC3
expression knocked down. This nonimmune
mechanism of action is based in cell-cycle arrest
through inactivation of yap, a Hippo pathway
member [86].

Conclusion & future perspective
There are currently four main areas of progress
in cancer immunotherapy: vaccination with
individual tumor antigens; more immunogenic
adjuvants for vaccine formulation; immunomod-
ulation with immunostimulatory monoclonal
antibodies; improved cell-based therapies; and
combinatorial approaches of immunotherapy.
Individual or private tumor antigens are
the product of genetic alterations occurring in
the tumor cells of an individual patient rather
than the conventionally identified shared

future science group

Immunotherapy of hepatocellular carcinoma

differentiation or embryonic/fetal proteins.
Such private antigens may be the result of tumor-
specific post-translational modifications but are
much more often the result of mutations. Full
exome sequencing shows that the genome of
human solid tumors usually harbors over 100
such mutations expressed at the protein level. A
number of those mutations give rise to peptides
that can be presented by the patient’s HLA allele
products to specific T lymphocytes. Technology
has reached the point in which individual tumor
antigens can be affordably identified by sequenc-
ing exons or eluting the HLA-bound peptides
and sequencing them by MS [87]. Bioinformatics
play a crucial role for epitope prediction. To
make the most of these techniques both HLA
class I and II epitopes are to be identified to
GMP synthetize polypeptides containing
them [87]. Longer peptides than the minimally
restricted epitope are preferred based on experi-
ence [88]. HCC is no exception and individual
(private) tumor antigens are to be identified in
each patient and the approach should be tested.

The most appealing approach is probably the
identification of the HLA-ligandome [89] that
includes the identification of naturally presented
HLA-associated peptides from primary cancer
cells and the subsequent selection of tumor-
associated peptides by differential gene expres-
sion analysis and data mining followed by valida-
tion of selected candidates through monitoring
in vivo T-cell responses in the context of patient-
individualized immunizations. The final aim is
to develop universal or personalized vaccines
comprising multiple tumor-associated epitopes
in order to induce a broad and specific immune
response against cancer. This approach has
already resulted in therapeutic vaccines for renal
cell cancer able to induce immune responses that
were associated with a more prolonged survival
(67]. A randomized Phase I1I study is underway
in renal cell cancer patients.

On the other hand, adjuvants for cancer
vaccines are elements that enhance the abil-
ity of a given antigen to induce an immune
response mediated by lymphocytes producing
IFN-y and capable of mediating cytolysis. The
most powerful approaches involve mimicry of
viral and intracellular bacterial infection [90]
and antigen delivery to the proper professional
antigen-presenting cells [91]. Pathogen danger
signals can be imitated by adding into the vac-
cine nucleic acids with microbial characteristics
and other biomolecules sensed as alien by innate
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proinflammatory receptors [92]. Receptors for
pathogen patterns turn on the convenient form
of local inflammation that results in sufficiently
intense cellular immunity toward the antigens
present in the vaccine inoculum. Two new
formulations are gaining momentum in clini-
cal trials: recombinant viruses that frequently
encode both antigens and immunostimulatory
cytokines [93] and synthetic mRNA encoding
tumor antigens [94]. Another emerging impor-
tant topic is routing vaccines so to procure the
traffic of activated lymphocytes to the tissue
where the malignancy originates or nests [95].
Immunomodulatory antibodies come in two
flavors, namely, antagonists for co-inhibitory
receptors or check-points [72] and agonists for
co-stimulatory molecules [96,97]. These agents are
under intensive clinical trial development. For
HCC, a single trial with a check-point inhibi-
tor directed to CTLA-4 (tremelimumab) has
been reported. Signs of clinical activity and a
favorable safety profile were observed even after
having used a probably suboptimal regimen. A
clinical trial testing the PD-1 mAb nivolumab
is ongoing (98] and its results are eagerly awaited.
Other co-inhibitory (check-point) targets for
immunostimulatory mADb are entering the clinic
although none of them have been tried for HCC
so far. TIM-3 is a surface glycoprotein overex-
pressed in exhausted tumor infiltrating T lym-
phocytes at least in melanoma whose signaling
contributes to the dysfunctional phenotype [99].
Galectin-9 binding to TIM-3 provides negative
signals and if this interaction if disrupted with
monoclonal antibodies antitumor effects have
been reported in mice [100], in particular when
combined with PD-1 blockade. LAG-3 is a pro-
tein expressed by activated T lymphocytes that
binds MHC class IT molecules with high affin-
ity. Disruption of LAG-3 ligation with mono-
clonal antibodies restores T-cell functions and
successfully treats transplanted models of can-
cer [101], again more evidently so when an anti-
PD-1 monoclonal antibody is combined [102].
OX40, on the contrary, is a surface protein of
the TNF-receptor family expressed on activated
T cells involved in providing co-stimulation. Its
ligation with agonist monoclonal antibodies or
its natural ligand gives rise to enhanced antitu-
mor immunity in mouse models [103]. Recently,
results in a clinical trial with single doses of a
xenogenic mouse monoclonal antibody suggests
augmentation of antitumor immunity in several
types of cancer that do not include HCC [104].

Hepat. Oncol. (2014) 1(4)

The field of agonist immunostimulatory mono-
clonal antibodies for HCC remains completely
unexplored and surely will include in the future
mAbs directed to CD40, CD137, OX40 and
glucocorticoid-induced TNF receptor family-
related gene (GITR) [96.97).

On the other hand, cellular therapies provide
a practical basis for a therapeutic tumor vaccine
(105]. There is evidence of safety and immune
activity, with some evidence of clinical response
for patients with HCC. Immune activity and
clinical responses in a proportion of patients
with advanced tumors and chronic liver disease
are encouraging and suggest that future trials
in less advanced disease may be associated with
better clinical responses. In the future, immuno-
therapy should probably be used as an adjuvant
to radical therapy. In part because the reduced
tumor burden is likely to be more responsive
to immunotherapy but also due to the fact that
local ablation causes the release of tumor anti-
gens that evoke antitumor immune responses
(106-108]. Intra-arterial injection of matured DC
during transarterial embolization in patients
with hepatitis C virus-related HCC was followed
by increased survival in a small group of patients
compared with historical controls [24].

Immunotherapy as an adjuvant to surgical
resection may require greater caution, because
liver autoimmunity has been reported in response
to AFP DNA vaccination in a mouse model of
liver regeneration following partial hepatectomy,
a setting known to be associated with increased
AFP expression [109], although other studies
suggest no impairment of liver regeneration in
this context [110]. Further improvements in effi-
cacy may come from combinatorial approaches
to generating antitumor immune responses in
which DC vaccination is combined with strate-
gies to overcome regulatory T cells or the inhibi-
tory effect of Th2 cytokines, or with condition-
ing chemotherapy [18] or in combination with
T-cell checkpoint blockade.

There is consensus that combination
immunotherapy strategies are to be developed
(111]. A combination of CTLA-4 and PD-1
blockade is very active against malignant
melanoma with manageable safety [112]. Such
a spectacular Phase I trial has amplified our
excitement on this sort of immunotherapy com-
binations. Preclinical research in rodents is full
of examples of treatment in which synergy can
be attained. Combinations of immunostimu-
latory mADb in conjunction with vaccines,

future science group



adoptive T-cell therapy or conventional thera-
pies are feasible and need to be tested. Recent
evidence in mice developing spontaneous HCC
has made the proof of concept for curative
synergistic combinations of an immunostim-
ulatory mAb triplet combination (PD-L1 +
CD137 + OX40) in conjunction with adop-
tive T-cell therapy [113]. Safety and cost hurdles
are to be considered but there is no doubt that
combinatorial immunotherapy approaches have
an enormous potential for HCC as they have for
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