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Systemic therapy for hepatocellular carcinoma (HCC) has been disappointing. The only 
drug approved by Food and Drug Administration recently has been sorafenib. Sorafenib has 
modest benefits with a low response rate and an improvement in time to progression of only 
2-3 months. Multiple randomized trials, which compare the new agent to sorafenib as either 
first line or second line therapy, have been negative, showing no improved clinical benefit. 
Recently, in a large phase III randomized trial, regorafenib has shown superiority to placebo 
as a second line treatment for HCC. However, this drug has multiple side effects and is not 
well tolerated by many patients. The clinical benefit is also modest. Clearly, new approaches 
to treat advanced HCC are still needed. There is data showing that HCC is immunogenic and 
the immune system can be stimulated to attack these cancer cells. This article will briefly 
review immunotherapy as a promising treatment for HCC.
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INTRODUCTION

There is a strong rationale to evaluate immunotherapy 
in this disease. Hepatocellular carcinoma (HCC) is 
typically an inflammation-associated cancer and can 
be immunogenic. Both hepatitis B virus (HBV) and 
hepatitis C virus (HCV) are known to be risk factors 
for the development of HCC. The HCC from HCV 

typically develops in a setting of long standing liver 
cirrhosis. On the other hand, HCC may develop 
from HBV even in the absence of liver cirrhosis. 
Increasingly, HCC appears to be developing from 
nonalcoholic steatohepatitis (NASH) with obesity 
being a risk factor. Studies in mice have shown that 
dietary factors and genetic obesity can promote liver 
inflammation and tumorigenesis. This appears to be 

Quick Response Code:

Topic: Novel Approaches for HCC

This is an open access article distributed under the terms of the Creative Commons Attribution-
NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work 

non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.

For reprints contact: service@oaepublish.com

Open Access

Feun et al. Hepatoma Res 2017;3:43-51
DOI: 10.20517/2394-5079.2016.45 Hepatoma Research

   www.hrjournal.net

Dr. Lynn G. Feun is a Professor of Medicine in Sylvester Comprehensive Cancer Center, University of Miami. He 
graduated from the Wayne State University School of Medicine in 1974. His clinical and research interests include 
liver cancer, melanoma, skin cancers, and neuro oncology (primary brain and spine tumors). His specialty is 
hematology/oncology - internal medicine. Dr. Feun is in the American Board of Internal Medicine and American Board 
of Internal Med-Medical Oncology. He is also affiliated with Jackson Memorial Hospital and the University of Miami 
Hospital.



                                                                            Hepatoma Research ¦ Volume 3 ¦ March 22, 2017 

Feun et al.                                                                                                                                                               Immunotherapy for hepatocellular carcinoma

44

mediated by enhancing interleukin (IL)-6 and tumor 
necrosis factor (TNF) expression. With increasing 
incidence of obesity in the western countries, NASH 
will become a greater risk factor for HCC.

Another supporting factor is that spontaneous 
regression have been reported in HCC.[1] Spontaneous 
regression has been reported in other cancers as well 
and is thought to be mediated by immune response 
in the host. Although infrequent, these occurrences 
suggest it may be possible to enhance the immune 
system against certain malignancies.

In addition, more than 50% HCC patients develop 
spontaneous cellular or humoral immune response 
against NY-ESO-1.[2] Furthermore, tumor-associated 
antigens (TAA)-specific CD8+ T-cell immune responses 
have been described [most studied include AFP, 
glypican-3, NY-ESO-1, SSX-2, MAGE-A, human 
telomerase-reverse transcriptase (h-TERT)].[3] More 
than 50% HCC patients had HCC-infiltrating TAA-
specific CD8+ T-cells and these cell numbers 
correlated with progression-free survival.[4]

In HCC, the number of T regulatory cells increased both 
in peripheral blood and inside tumor itself.[5] Intratumoral 
T regs correlated with disease progression and poor 
prognosis.[6] Activation of T-cell infiltration (CD4+, 
CD8+, natural killer cells) has been observed after 
l iver ablation. [7,8] Together the data shows that 
inflammation is a common feature seen in HCC and 
this tumor can elicit an immune response.

REASONS FOR HCC IMMUNE TOLERANCE

If HCC is typically an inflammation-associated cancer 
and can be immunogenic, why is there immune 
tolerance? There are several factors which may be 
involved.

On a cellular level, the liver is a site for myeloid-
derived suppressor cells (MDSC) which can inhibit 
effector T-cell function and decrease natural killer 
(NK) cell cytotoxicity and cytokine production. The 
frequency of MDSCs correlates with progression-free 
survival in HCC after radiofrequency ablation.[9] It has 
been suggested that MDSCs interact with Kupffer cells 
to induce programmed death-1 (PD-1) expression 
and MDSCs may help expand T regs.[10] Depletion of 
T regs or MDSCs may prompt spontaneous immune 
responses against α-fetoprotein (AFP).[11,12]

A new subset of immune suppressive cells has been 
described in HCC called regulatory dendritic cells 
(DCs) which can suppress T-cell activation via IL-10 

and indoleamine 2,3-dioxygenase (IDO) production.[13] 
Unexpectedly, it was found that these dendritic cells 
expressed high levels of cytotoxic T-lymphocyte 
antigen-4 (CTLA-4) and PD-1. CTLA-4 was discovered 
to be essential for IL-10 and IDO production. This 
finding represents a target for immunotherapy as well 
as one possible explanation for immune tolerance. 

Human HCC tumor-infiltrating CD4+ CD69+ T regs 
are higher than conventional CD4+ CD25+ Foxp3+ T 
regs and correlates with tumor progression.[14] These 
T regs do not express CD25 or Foxp3 but express 
high levels of mouse transforming growth factor beta 
1 (mTGF-β1), PD-1, CTLA-4 and could suppress CD4 
T-cell proliferation via mTGF-β1.[14] The percentage 
of these T regs in tumors correlated significantly with 
tumor progression. 

Failure of HCC-associated antigen production 
presentation by antigen presenting cells is due to 
decreased expression of HLA class 1 molecules and 
ineffective antigen processing.[15,16] 

Increase in T regulatory cells, invariant NK T-cells, 
MDSC and tumor-associated macrophages may play 
a role and a decrease in CD4+ T helper cells has 
been reported.[4,11,17-20] 

There is an increase in CD4+, CD25+ T regs 
within tumor infiltrating lymphocytes (TILs) which is 
associated with decrease in number and function of 
CD8+ T-cells.[5,17] 

T-cell (CD4+) exhaustion and apoptosis have 
been associated with chronic HCV infection. [21] 

The CD4+ T-cells of chronic HCV-infected patients 
displayed increased surface expression of TRAIL and 
expression of other immune exhaustion molecules. 
In addition, indoleamine 2,3-dioxygenase activity in 
increased and IDO is a T-cell proliferation-limiting 
enzyme. Other molecules associated with T-cell 
exhaustion and apoptosis signaling in peripheral 
blood mononucleocytes from chronically infected HCV 
patients have been described.[21] 

LAG-3 expression has been found to be significantly 
up-regulated in tumor infiltrating CD8+ T-cells in HCC 
patients and a severe functional defect was detected 
in tumor infiltrating HBV-specific CD8+ T-cells at the 
tumor site.[22] Because LAG-3 is an inhibitory molecule 
that helps to downregulate T-cell responses, there 
was a correlation between LAG-3 expression and 
HBV-specific CD8+ T-cell dysfunction.

Thus, the immunosuppression that is seen in HCC is 
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complex and involves a balance of multiple factors 
[Figure 1]. The factors which are involved in tumor 
progression include hepatic tolerance to various 
antigens, chronic inflammation which predisposes 
to immunosuppression and liver cancer dependent 
immune tolerance. Poorly counter-balancing this 
involves antitumor immune response. 

RATIONALE FOR IMMUNOTHERAPY FOR HCC

NK cells have been divided into two major groups, 
one mainly cytotoxic and the other mainly involved 
in cytokine secretion. In HCV-related hepatocellular 
carcinoma a prevalent cytotoxic NK phenotype was 
found in HCC patients with longer time to tumor 
recurrence and overall survival.[23] This suggests a 
role for NK cells in the immune response against 
HCC and a rationale for immunotherapy using NK 
enhancing therapy. 

Pim kinases are downstream effector molecules 
of certain oncogenes. Pim-3 expression occurs in 
certain solid tumors and is highly expressed in HCC 
tissues and cell lines. In HCC Pim-3 is associated with 
acceleration of HCC development and has been found 
to inhibit apoptosis by phosphorylating the proapoptotic 
BH3-only protein BAD. A dual-function vector with 
both immunostimulatory and Pim-3-silencing effects 
inhibited Hepa1-6 cell growth by regulating expression 
of apoptosis-related proteins and inducing secretion 
of type I interferons.[24] NK cells, CD4+ T and CD8+ 
T-cells and macrophages were required for effective 
tumor inhibition and CD4+ T-cells were demonstrated 
to play helper role in NK cell activation. This novel bi-

functional vector represents a novel immunotherapy 
approach to treat HCC.

PD-1/PD-L1 pathway has been associated with T-cell 
exhaustion in chronic hepatitis virus infection.[25] 

Inhibition of T-cell activation is due to PD-1 ligation, 
which causes recruitment of SHP-2 phosphatase. This 
in turn inhibits PI3K activity and downstream activation 
of AKt, with dampening of T-cell receptor signaling. 
PD-1/PD-L-1 involvement in chronic viral infection-
associated T-cell exhaustion was first shown in a 
murine lymphocytic choriomeningitis model.[26] PD-1/
PD-L-1 blockade can produce functional recovery of 
T-cells, cytokine secretion, cytotoxic capability and 
decreased viral load.

IMMUNOTHERAPY TRIALS IN HCC

Interferons
Immunotherapy has been used for HCC in the past 
with limited success. Interferon alpha was combined 
with systemic chemotherapy and modest activity was 
observed. In one study, 26 patients with advanced 
HCC received intravenous cisplatin, doxorubicin, 
and 5-fluorouracil combined with subcutaneous 
administered human recombinant α-interferon-2a 
(PIAF regimen).[27] The disease control rate was 50% 
(4 partial responses and 9 stable disease). The 1-year 
survival rate was 24.3% and median survival time 
was 6.0 months. A modified PIAF showed superior 
response rate and survival compared to standard dose 
PIAF.[28] A randomized trial of PIAF versus standard 
dose doxorubicin showed that PIAF had more activity 
and greater toxicity, particularly myelosuppression.[29] 
Since myelosuppression was greater than single 
agent doxorubicin, this treatment regimen is best for 
younger patients with good performance status and 
adequate bone marrow reserve.

Checkpoint inhibitors
Checkpoint inhibitors have demonstrated activity in a 
number of cancers including HCC. CTLA-4 blockade 
has been evaluated using Tremelimumab.[30] In this 
study the drug was given at 15 mg/kg intravenously 
every 90 days. Twenty patients were treated and 17 
patients were assessable for response. In these 17 
patients, the overall response rate was 17.6% and 
disease control rate was 76.4%. The median time 
to tumor progression was 6.48 months. Toxicity was 
mainly hepatic. There were > grade 3 AST and ALT 
elevation in 45% patients and 25%, respectively. 
Serum bilirubin elevated occurred in 10%. Skin rash 
occurred in 5%. An antiviral effect was noted. FoxP3+ 
natural T reg expanded and viral hepatitis C load 
decreased. 

Figure 1: Selected known mechanisms of immune tolerance in 
HCC. HCC: hepatocellular carcinoma; IL-10: interleukin-10; TGF-β: 
transforming growth factor beta; PD: programmed death; CTLA: 
cytotoxic T-lymphocyte antigen
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A dose escalation study of the PD-1 inhibitor Nivolumab 
was initially reported at ASCO in 2015 and subsequently 
updated at ASCO 2016.[31] In the initial report, 43 
patients were treated in dose-escalation phase. Median 
of 6 (range 1-42) doses of Nivolumab administered. 
One dose-limiting toxicity (DLT) with grade 2 hepatic 
decompensation occurred at 10 mg/kg in uninfected 
cohort. No maximum tolerated dose was identified. 
The 3 mg/kg dose was selected for dose expansion 
in uninfected and HCV-infected cohorts. Thirty 
patients had discontinued therapy (26 patients due 
to progressive disease, 2 due to complete response 
(CR), 2 due to adverse events (1 due to increase in 
bilirubin, 1 due to treatment-related increase in AST/
ALT and hepatitis). Responses usually occurred within 
3 months of drug initiation. The overall response rate 
was 15% (10% CR and 5% partial response, PR). The 
preliminary overall 1-year survival was 62%. This is 
superior to the 1-year overall survival of 30% reported 
in phase III trials after sorafenib failure. 

An update at ASCO 2016 showed the following: the 
dose escalation part involved 48 patients and the 
expansion part involved 214 patients.[32] The dose of 
nivolumab for the dose escalation ranged from 0.1 mg/kg 
to 10 mg/kg, while in the dose expansion study 
nivolumab was given at 3 mg/kg every 2 weeks.

A total of 10 patients had HCV, 15 patients had HBV 
and 23 patients were uninfected. Safety data was 
presented for 48 patients. Of these patients 79% 
had treatment-related adverse events (TRAEs) of 
any grade, including 25 % with grade 3-4. The most 
common TRAEs were rash, pruritus and elevation 
of AST, ALT, lipase and amylase. AST and ALT and 
lipase/amylase occurred more frequently in this group 
of patients compared to other nivolumab-treated 
patient populations. Most of these TRAEs were noted 
to be asymptomatic and reversible. Five of 7 patients 
responded within 3 months of start of treatment.

Response was ongoing beyond 24 months in 1 patient 
who stopped treatment with a complete response. 
The median duration of response was 17 months, 
range 6-24 months. Stable disease occurred out to 
12-18 months. Altogether, 3 patients had a complete 
response and four had a partial response; the disease 
control rate was 65%. The expansion phase was 
continuing with nivolumab at 3 mg/kg. In conclusion, 
Nivolumab has shown manageable safety and toxicity 
in HCC patients, including HBV and HCV infected 
patients. Antitumor activity was observed across all 
dose levels and cohorts. The response was durable in 
many patients and the 1-year overall survival rate was 
encouraging. 

An investigator-initiated, first in-human phase II trial of 
the PD-1 inhibitor pembrolizumab was started at the 
University of Miami (ClinicalTrials.gov NCT02658019). 
The dose of pembrolizumab is 200 mg intravenously 
every 3 weeks. So far, 10 patients have been treated. 
It is too early yet to assess response. Correlative 
studies include tumor staining for PD-L-1, and 
changes in hepatitis B and hepatitis C viral titers. In 
addition, several representative cytokines associated 
with T-cell activation and suppression in serum and 
peripheral blood mononuclear cells will also be 
analyzed pre- and post-treatment. T-cell proliferation 
and activation in response to T cell receptor (TCR) and 
CD28 signals require IL-2, IL-12, IFN-g stimulation, 
but can be suppress by immunosuppressive cytokines 
such as IL-10 and TGF-β. Changes in these cytokines 
may be important to predict response/toxicity to 
therapy.

Dendritic cell vaccine
Another approach to immunotherapy is by infusion 
of autologous dendritic cell vaccine.[33] Patients with 
advanced HCC were infused with mature autologous 
dendritic cells pulsed ex vivo with a liver tumor cell 
lysate and compared to a control group. There were 
15 patients in each group. In terms of response for 
the treated group, 2 patients (13.3%) had partial 
response, 9 (60%) had stable disease and 4 (26.7%) 
patients had progressive disease. Serum gamma 
interferon and CD8+ T-cells both were increased after 
dendritic cell vaccination. The median survival time for 
the treated group was 7 months versus 4 months for 
the untreated group. The side effects of the dendritic 
cell vaccine were minimal with low-grade fever and 
mild bone aches.

Viral oncolytics
A viral oncolytic immunotherapy approach has been 
studied using a vaccinia virus.[34-36] These therapies 
have been designed to replicate selectively within 
HCC cells and produce cell lysis, while inducing tumor-
specific immunity. JX-594 (Pexa-Vec) is a vaccinia 
virus with a disrupted viral thymidine kinase gene with 
insertion of human granulocytic-macrophage colony-
stimulating factor and β-galactosidase transgenes both 
for immune stimulation and replication assessment. 
A phase I trial of JX-594 demonstrated feasibility and 
tolerability and produced some responses.[35,36] A 
randomized, dose finding trial was performed with direct 
infusion of the vaccinia virus into liver tumors (days 1, 
15 and 29). Patient survival duration was significantly 
longer with high dose (median 14.1 months) compared 
to low dose (6.7 months). Responses were observed in 
both injected and noninjected tumors within both dose 
groups. 
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FUTURE DIRECTION

Immunotherapy, especially checkpoint inhibitors, 
has recent ly  shown promise in a number of 
cancers, including HCC. How to improve current 
immunotherapy for HCC? Understanding the 
mechanisms of resistance and methods to potentiate 
response remain a challenge. It has been shown that 
intrahepatic HCV-specific CD8 T-cells from patients 
with chronic HCV infection were highly PD-1 positive, 
very dysfunctional, and unexpectedly refractory to 
PD1/PD L-1 blockade.[37] This functional impairment 
was HCV-specific and directly correlated with the 
level of PD-1 expression. The highly PD-1 positive 
intrahepatic CD8 T-cells were more exhausted with 
increased CTLA-4 and with reduced CD28 and CD 
127 than circulating T-cells. Thus, a novel therapeutic 
approach is to combine CTLA-4 with PD-1 blockade. 
Indeed, studies have shown that there is a synergistic 
reversal of intrahepatic HCV-specific CD8 T-cell 
exhaustion by combining anti-CTLA-4 antibody with 
PD-1 inhibitor.[38] This has therapeutic implications as 
both anti-CTLA-4 antibody and PD-1 inhibitors alone 
have shown activity in HCC.[30-32] As demonstrated 
in the treatment of malignant melanoma, the 
combination has been tolerable and antitumor 
response may be greater than single agent used 
alone. However, toxicities including more autoimmune 
reactions such as diarrhea, hypophysitis and hepatitis 
may be more frequent and the dose and tolerability of 
combination therapy will need to be carefully defined. 
Drug-induced hepatitis is the main concern and may 
limit patients with significant liver impairment including 
those with a history of autoimmune diseases such as 
autoimmune hepatitis.

Currently, a study is being planned to combine anti-
CTLA-4 antibody with anti-PD-1 inhibitor in advanced, 
unresectable HCC.

Another approach is to apply different modalities 
together. There is a rationale to evaluate combinatorial 
therapy for HCC. Adding checkpoint inhibitor to TACE 
or liver ablation seems reasonable. TACE and liver 
ablation can both increase T-cell infiltration including 
NK cells.[7,39] Another study showed that CD4/CD8 
ratio and number of B cells and natural killer cells 
were significantly decreased in HCC patients prior to 
treatment.[40] When compared to pretreatment levels, 
the CD4+ and CD4/CD8 ratio decreased but the 
CD8+ cells increased in the TACE group. In the TACE 
+ RFA group, the CD4/CD8 ratio and the natural killer 
cells and the CD8+ cells increased. On the other 
hand, the CD3+, CD8+, CD4/CD8 ratio and natural 
killer cell increased in the RFA group. More recently, 

tremelimumab has been combined with subtotal 
ablation (TACE, RFA or cryoablation) in patients 
with either HCC or biliary tract carcinomas.[41] In this 
study 14 patients had TACE, 19 had RFA, including 
9 with biliary tract cancers and 5 had cryoablation. 
No dose limiting toxicity was noted during the trial. 
Seventeen patients were evaluable for response 
for lesions outside of TACE/RFA-treated lesions. 
Of these 4 patients or 23.5% had confirmed partial 
response. This is noteworthy that 10 of 12 patients 
with quantifiable HCV had marked reduction in viral 
load. Liver biopsies were done at week 6. These 
showed increase in CD8+ T-cells only in patients with 
clinical response. Furthermore, in peripheral blood 
mononuclear cells, there was a statistically significant 
change in CD4/T reg and CD8/T reg ratio in clinical 
responders. The median time to tumor progression for 
evaluable HCC patients was 5.7 months.[41] 

Chemotherapy has been used for lymphodepleting 
prior to adoptive T-cell therapy. This lymphodepletion 
has been shown to enhance immune reconstitution 
by the transferred cells and increase tumor specific 
responses. Low dose cyclophosphamide can impair T 
regulatory cells and can unmask AFP- specific CD4+ 
T-cell responses in patients with advanced HCC.[12] 

Adoptive T-cell therapy itself, which uses a patient’s 
own T lymphocytes genetically altered to enhance 
anti-tumor activity, expanded in vivo and then infused 
into the patient, has a number of problems. Problems 
include the need for surgery to obtain tumor-reactive 
TIL cells and the expansion of the TIL cells from 
tumors. Alternatively, adoptive transfer of bulk T 
lymphocytes can be procured from peripheral blood 
and expanded in vivo to generate large number of 
T lymphocytes before infusing back into the patient. 
Problems with this approach include tumor cells 
can have low antigen presentation and most tumor 
antigens are normally expressed as self-antigens. 
Thus, the T-cell receptor (TCR) may have low affinity 
for these self-tumor antigens.

To overcome these obstacles, T-cells have been 
genetically engineered to stably express transgenes 
using viral transduction, often with vectors from 
gamma retroviruses or lentiviruses. Molecularly 
engineered TCRs have certain advantages including 
the ability to target all cellular proteins and not just 
cell surface epitopes. Genetically altering the T-cells 
to express a tumor antigen specific TCR is one way 
to target a specific tumor antigen (chimeric antigen 
receptor-T-cells or car-T-cells). TCR engineered T-cell 
transfer using human TCRs targeting AFP is currently 
in clinical trial in several institutions, including our 
Center. Known toxicities to this approach include 
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side effects from lymphodepleting chemotherapy, 
cytokine release syndrome, and possible autoimmune 
toxicities. Car-T-cell treatment has been successful 
to treat various hematologic malignancies including 
lymphoid leukemia and acute myeloid leukemia.

Adding checkpoint inhibitor to sorafenib therapy is also 
reasonable. Sorafenib reduces hepatic infiltrated T regs 
by suppressing TGF-β signal.[42] However, sorafenib 
has other effects which may inhibit the immune system. 
For example, sorafenib but not sunitinib, appears to 
have a detrimental effect on dendritic cell phenotype 
and can inhibit cytokine secretion, migration ability 
and T-cell stimulatory capacity, while not affecting the 
function and phenotype of T-cells.[43] Sorafenib has been 
shown to inhibit JAK-STAT signal transduction in human 
immune cells.[44] The immune effects of sorafenib 
were dose dependent. At pharmacologic doses of 
sorafenib, the drug decreased T effector cell activation 
by down regulating CD25 surface expression. At low 
doses, sorafenib produced T effector cell activation, 
with significant increase in T effector cell proliferation, 
IL2 secretion and up regulation of CD25 cell surface 
expression and could reduce T regulatory cell 
suppression. Thus, the dose of sorafenib used may be 
critical for the desired immune effects. Other actions of 
sorafenib on the immune system include: (1) inhibit NK 
function; (2) increase MDSC; and (3) upregulate PD-L1 
expression. In mice bearing orthotopic HCC, sorafenib 
upregulated tumor-specific T effector cell function, 
while the proportion of PD-1 expressing CD8+ T-cells 
and regulatory T-cells were reduced.[45] In addition, 
the function of T regulatory cells was inhibited. In 
another study mouse and human HCC tumor samples 
expressing low pERK showed intense inflammatory 
infiltrating cells and significant enrichment of CD8+ that 
expressed PD-1.[46] Patients with pERK PD-1 positive 
tumors had worse prognosis than pERK PD-1 negative 
tumors. PD-1 immunotherapy could complement 
sorafenib by targeting tumor cells resistant to sorafenib. 

Recently, PD-L1 expression in HCC was shown 
to be significantly associated with markers of 
tumor aggressiveness including high AFP serum 
levels, satellite nodules, macrovascular invasion, 
microvascular invasion, poor histologic differentiation 
progenitor subtype (cytokeratin 19 expression).[47] 

High PD-L1 expression in immune cells in the tumor 
microenvironment also correlated with high serum AFP 
levels, macrovascular invasion, poor differentiation, 
high PD-1 expression and lymphoepithelioma subtype.

Targeting glypican-3 (GPC3) immunologically is a 
novel approach. GPC3 is a member of the glypican 
family of heparin sulfate proteoglycans on the cell 

surface. This molecule is overexpressed in 80% of 
HCC and when present, carries a poor prognosis.[48,49] 
Not only is it a prognostic factor and important for cell 
proliferation by stimulating Wnt signaling, but it is a 
tumor specific and becomes an attractive target as a 
tumor antigen.[50] Clinical trials have started with both 
peptide-based vaccine[51] or anti-GPC3 antibodies.[52,53] 
The phase I trial of peptide-based vaccine showed the 
treatment was well tolerated and one partial response 
and several stable disease responses were observed.[51] 
There was a correlation between overall survival and 
GPC-3 specific CTL response. Two recent phase I 
studies of antibody therapy against glypican-3 were 
reported recently.[52,53] In the first study, a recombinant, 
humanized monoclonal antibody against GPC3 was 
performed in advanced HCC.[52] There were no dose-
limiting toxicities (DLT) noted. The most common 
side effects include transfusion reactions (35%), 
fatigue and pyrexia and diarrhea. Stable disease 
was seen in several patients. A phase I study of 
this antibody in Japanese patients with advanced 
HCC was performed.[53] The most common toxicity 
was lymphocytopenia, natural killer cell decrease, 
C-reactive protein increase and pyrexia. Infusion 
reactions were observed in 62% patients. No DLT or 
maximum tolerated dose (MTD) was noted. There 
were no partial or complete responses but stable 
disease was noted in several patients. A phase I trial 
of combination of anti GC33 antibody with sorafenib 
in 40 patients was reported.[54] There were 3 DLTs 
seen (grade 3 hyponatremia, grade 3 hyponatremia 
and hypoglycemia and grade 3 ALT increase). One 
partial response and 6 stable diseases were reported. 
No MTD was obtained with combining the antibody 
to GC33 with sorafenib at a dose of 400 mg bid daily. 
A phase I trial of T-cell redirecting bispecific antibody 
against glypican-3 is another approach.[55] 

Another clinical trial for HCC starting at University 
of Miami is the study of a bifunctional fusion protein 
that will combine PD-L-1 antibody with the soluble 
extracellular domain of TGF-β receptor type II as a 
TGF-β neutralizing “trap”. This compound (developed 
by Merck) will target two major mechanisms of 
immunosuppression, PD-1/PD-L-1 axis as described 
previously and TGF-β. TGF-β is known to have 
growth inhibitory effects on normal epithelial cells and 
can act as tumor suppressor in early stage cancer 
development. Later as the tumor advances, TGF-β 
loses its ability to suppress cancer and various 
cancers can actually produce this molecule which acts 
as a stimulatory molecule for cell growth and division. 
Then, TGF-β can downregulate the effector function of 
T cytotoxic cells and natural killer cells, while inducing 
differentiation of CD4+ T-cells to T reg cells. In mice, 
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the blocking of TGF-β signaling in T-cells or deletion 
of TGF-β from T-cells resulted in decreased PD-1 
expression in tumor-infiltrating CD8+ T-cells.[56] Further 
studies in mice model of HCC showed that TGF-β 
increased the PD-L1 expression in dendritic cells 
which led to T-cell apoptosis and increased number 
of CD25+, Foxp3+ T regulatory cells. [56,57] Thus, 
there is a strong rationale to target two pathways of 
immunosuppression in HCC simultaneously.

In summary, immunotherapy represents a novel 
approach to treat advanced hepatocellular carcinoma. 
Immune cells have been found in HCC specimens 
that appear “fatigued” or suppressed. New checkpoint 
inhibitors and other agents may awaken these 
immune cells to attack the tumor. Early results 
from clinical trials suggest it is feasible to do so 
and encouraging antitumor responses were been 
observed. The challenge is to further define what 
patients may benefit from this approach, how to 
predict or reduce toxicities, particularly liver toxicity, 
and how best to combine this therapy with other 
known modalities of treatment.
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