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Chapter 12
Immune Therapies

Zachary J. Brown and Tim F. Greten

 Introduction

Hepatocellular carcinoma (HCC) often develops in the setting of chronic liver dis-
ease and as such is often considered an inflammation-induced cancer where this 
inflammation aids to drive carcinogenesis [1]. As an inflammation-induced cancer, 
patients with a greater lymphocyte density in HCC tumors often correlate with a 
better prognosis [2]. As a result, immunotherapy may provide an ideal approach of 
treatment [3]. As of 2017, nivolumab, a monoclonal antibody targeting programmed 
cell death-1 (PD-1), has been approved for patients with advanced HCC in the 
second-line setting for those patients who have progressed on sorafenib [4]. In order 
to have an effective immunotherapy, a tumor must present antigens which are 
recognized by the immune system, and then the immune system must be able to 
mount a response against that tumor-associated antigen. However, the tumor 
microenvironment has adapted ways to evade immune recognition as well as escape 
from immune therapies. In this chapter, we describe immune-based treatment of 
HCC first focusing on HCC tumor antigens and liver tumor microenvironment. We 
will then discuss the application of immune-based therapies in the treatment of 
patients with advanced HCC as well as future directions of where the field of 
immunotherapy may be heading in patients with HCC.
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 Tumor Antigens

The identification of HCC tumor antigens is an important step for potential targeted 
immune-based therapies. Solid tumors may contain 30–70 mutations that alter the 
amino acid sequences of proteins. Each of these alterations is foreign to the immune 
system and is therefore a potential target for immune recognition [5]. However, the 
immune system cannot recognize all mutations for an effective immune response. 
The mutation must result in a protein that is expressed by the tumor cell, and this 
protein must be able to be presented to the immune system on a human leukocyte 
antigen (HLA) protein [5]. If either of these conditions are not met, the mutation 
may not be immunogenic.

Tumor antigens can be categorized into three broad categories: tumor-specific 
antigens, which arise in cancer cells and are completely absent from normal cells; 
tumor-associated antigens (TAA) which are expressed mainly on tumor cells but 
also at low levels on normal cells; and cancer/testis antigens which are expressed by 
tumor cells and expressed in reproductive tissue but otherwise absent in normal 
adult cells [6]. TAA-specific CD8+ T cell responses have been found to be more 
detectable in patients with early-stage HCCs as compared to later stages. In addition, 
patients with TAA-specific responses were found to have a significantly greater 
median progression-free survival (PFS) compared to patients without TAA-specific 
responses [7]. Therefore, we can deduce that tumors, which contain more 
immunogenic antigens tend to have a more favorable prognosis and outcome.

Perhaps the most well-known HCC antigen is alpha-fetoprotein (AFP). AFP is 
widely considered the most useful biomarker for HCC evaluation with high levels 
correlating with the development and progression of HCC [8]. AFP is present during 
fetal development but is largely absent in healthy adults. Other widely studied tumor 
antigens associated with HCC include glypican-3 (GPC-3), melanoma-associated 
gene-A1 (MAGE-A1), New  York-esophageal squamous cell carcinoma-1 
(NY-ESO-1), sarcoma X breakpoint 2 (SSX2), and telomerase reverse transcriptase 
(hTERT) [1, 7]. Targeting tumor antigens may be an efficient way to control tumor 
growth, but immune-based approaches focusing on vaccines, cytokines, and 
nonspecific T cell activation have resulted in largely disappointing results [1, 9]. 
These immune-based strategies may produce disappointing results as the HCC 
tissue microenvironment may have a large impact in response to therapy.

 Tumor Environment

The tumor microenvironment (TME) is becoming increasingly recognized as hav-
ing a role in tumor growth promotion and immune evasion. Under normal condi-
tions, the liver experiences a tremendous antigen exposure as a result of portal-venous 
blood flow with physiologic filtration of environmental and bacterial agents from 
the gastrointestinal tract. Therefore, to prevent autoimmune damage from constant 
immune stimulation and antigen exposure, the liver has developed intrinsic 
tolerogenic mechanisms in the innate and adaptive immune responses. This 
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tolerance to the large flux of antigens can be harmless in respect to the large majority 
of antigens but may prove to be detrimental with immune tolerance to tumor- 
associated antigens and HCC progression [10].

In addition to the physiologic immune tolerance of the liver, chronic inflamma-
tion promotes immune suppression through continuous cytokine production and 
recruitment of immune cells [10]. In order to have T cell activation, CD4+ T cells are 
presented an antigen on major histocompatibility complex (MHC) class II molecules 
by antigen-presenting cells that recognize a specific T cell receptor (TCR). A 
costimulatory binding of CD28 on the T cell with CD80 or CD86 on the antigen 
presenting cell (APC) is then required to propagate the signal for T cell activation. 
Activated CD4+ T cells are then polarized toward a TH1 phenotype enhancing CD8+ 
T cell cytotoxicity toward the target antigen (Fig. 12.1). However, once CD4+ T 
cells are activated, they upregulate the immunosuppressive receptor, cytotoxic T 
lymphocyte-associated protein (CTLA)-4, to act as a break on the adaptive immune 
response by competing with CD28 for the binding of CD80/CD86 and therefore 
taking away the necessary costimulatory signal. CTLA-4 is present on activated T 
cells, dendritic cells (DCs), and is constitutively expressed on regulatory T cells 
(Tregs). Under physiologic conditions, immune checkpoints prevent over activation 
of T cells, thereby limit unwanted collateral tissue damage [11]. However, the TME 
has usurped this physiological function to produce an immunosuppressive milieu.

In addition to CTLA-4, PD-1 also acts as a check on the immune response. Much 
like CTLA-4, PD-1 is upregulated in the setting of chronic antigen exposure. PD-1 
is expressed by activated CD4+ and CD8+ T cells, natural killer (NK) cells, B cells, 
as well as Tregs, myeloid-derived suppressor cells (MDSCs), monocytes, and DCs. 
Programmed death-ligand 1 (PD-L1) and PD-L2 are the ligands of PD-1. PD-L1 is 
found on APCs, MDSCs, macrophages, various parenchymal cells, as well as tumor 
cells, while PD-L2 is only expressed by hematopoietic stem cells. The binding of 
PD-1 with its ligand blocks TCR signaling, inhibits T cell proliferation, and leads to 
dysfunctional exhausted T cells [1]. Additionally, PD-L1 overexpression in HCC is 
associated with more aggressive tumors and an increase in postoperative recurrence 
of HCC [12].

Different immune cells have been reported to suppress antitumor immunity in 
HCC. Tregs have been shown to accumulate in patients with HCC where an increase 
in Tregs has been linked to a worse outcome [13]. Tregs inhibit the immune response 
through competitively binding CTLA-4 to CD28 as well as downregulation of 
CD80 and CD86, secretion of transforming growth factor (TGF)-β and IL-10, and 
depletion of IL-2. MDSCs are also found to be increased in patients with HCC and 
elevated counts often correlate to tumor progression [14–16]. MDSCs are a 
heterogeneous group of immature and immunosuppressive myeloid cells which 
promote tumor formation by facilitating angiogenesis through VEGF production, 
impair CD4+ and CD8+ T cells with increased arginase activity, impair NK cell 
activity via TGF-β, disrupt TCR signaling through reactive oxygen and nitrogen 
species, and promote Treg expansion. Additionally, MDSCs promote formation of 
immunosuppressive M2 macrophages which creates a vicious cycle further propa-
gating an immunosuppressive microenvironment through production of suppressive 
cytokines and promoting T cells to a TH2 phenotype which further induces M2 
macrophages and MDSCs [1].

12 Immune Therapies



242

Activated T cell

Immunosuppressed T cell

IDO

CD4+ T Cell

CD8+ T Cell

APC

APC

+

+

IL2

TGF-β
IL-10

TGF-β
ROS
arginase

Regulatory Cells
(MDSC, macrophages)

TIM–3

PD–1 PD–L1

Galactic 9 CD80/86CD28

CTLA–4

MHCI

MHCIITCR

+

–

–

–

–

HCC Tumor Cell

HCC Tumor Cell

T Cell

Immune attack

Tregs

Fig. 12.1 Overview of tumor immune response. Under physiological conditions, antigens are 
recognized and presented to CD4+ T cells, which further activate CD8+ T cells. T cell activation 
causes upregulation of CTLA-4 and PD-1 to prevent overactivation of the immune response. The 
tumor microenvironment creates an immunosuppressive milieu through recruitment of regulatory 
T cells (Tres), myeloid-derived suppressor cells (MDSCs), and upregulation of immune 
checkpoints. These immunosuppressive factors lead toward carcinogenesis and tumor progression
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In addition to the aforementioned checkpoint inhibitors, other inhibitory mem-
brane proteins are being recognized as creating an immunosuppressive TME and 
therefore may represent a potential therapeutic target. TIM-3 is expressed by cells 
of the innate and adaptive immune system. Galactin-9 is a ligand for TIM-3 and is 
expressed by multiple tissues, including the liver, and regulates cell differentiation, 
adhesion, and cell death. Galactin-9 and TIM-3 have been shown to inhibit the T 
cell response. In addition, TIM-3-expressing T cells often co-express PD-1, indicat-
ing the two inhibitory pathways may cooperate to produce a severely exhausted T 
cell phenotype [9]. Preclinical studies have shown that blocking TIM-3 and PD-1 
may produce a greater tumor response in non-small cell lung cancer models [17].

LAG-3 has also been shown to act synergistically with PD-1 to promote tumor 
immune evasion. LAG-3 is expressed by activated T cells and binds to MHC class 
II molecules on DCs, thereby decreasing the costimulatory function of DCs and is a 
hallmark of exhausted T cells [1, 9]. Other immune-inhibitory factors include 
arginase-1 which is expressed at high levels by MDSCs and tumor-associated 
machrophages (TAMs) as well as indoleamine 2,3-dioxygenase (IDO) which is 
expressed by multiple cell types in the TME [1]. Both arginase-1 and IDO metabolize 
amine acids, arginine and tryptophan, respectively, which deprive immune cells of 
vital nutrients and generate immunosuppressive by-products [1].

 Immunotherapies

As we discussed, the tumor microenvironment creates an immunosuppressive 
milieu promoting tumor formation and limits the capacity of the host to mount a 
proper immune response. Investigations are ongoing to create immune-based 
therapies to promote tumor recognition and ultimately tumor eradication. Here, we 
discuss various approaches to immune-based therapies, including the application of 
immune checkpoint inhibitors, cell-based therapies, and cytokine-based therapies. 
We will then discuss future directions with genetically engineered therapies 
including chimeric antigen receptors (CAR) T cell therapies and TCR therapies.

 Immune Checkpoint Inhibitors

Immune checkpoint inhibitors have gained interest for patients with advanced HCC 
after success in treating patients with melanoma and non-small cell lung cancer 
with these agents. Between 2013 and 2017, results of three clinical trials have been 
reported for patients with advanced HCC treated with immune checkpoint inhibitors; 
two trials using tremelimumab (anti-CTLA-4), and one trial utilizing nivolumab 
(anti-PD1) (Table 12.1). Checkpoint inhibitors have several advantages over other 
types of immunotherapies such as cell-based therapies with regard to commercial 
availability, wider applicability to a range of pathologic conditions, and no restric-
tion by HLA status.

12 Immune Therapies



244

Sangro et  al. reported the first clinical use of immune checkpoint inhibitor, 
tremelimumab, in a phase II trial in patients with chronic hepatitis C and advanced 
HCC not amenable to surgical or locoregional therapies [18]. Fifty-seven percent of 
patients enrolled progressed on previous therapies, and 43% had severer liver dis-
ease, i.e., Child-Pugh class B advanced fibrosis/cirrhosis. This is significant given 
that previously evaluated drugs such as sorafenib have been tested in mostly patients 
with Child-Pugh class A disease and better natural history. Although the patients 
received what is now considered to be a suboptimal dose of tremelimumab (15 mg/
kg every 90 days to a maximum of four doses), partial response (PR) in 3 patients 
and stable disease (SD) in 10 patients were observed among 17 evaluable patients 
[9]. In addition, tremelimumab was generally well tolerated, and a reduction in 
HCV viral load was also detected.

The next trial used tremelimumab in combination with noncurative tumor abla-
tion utilizing radiofrequency ablation (RFA) or transarterial chemoembolization 
(TACE) [19]. The hypothesis of adding tumor ablation was the assumption that RFA 
or TACE may cause immunogenic cell death. This type of cell death could then lead 
to a systemic release of antigens and a global immune response which may be 
enhanced by the checkpoint inhibitor [9, 19]. This was a phase I/II study with 
optimal therapeutic dosing of tremelimumab consisting of 78% of patients who 
advanced on previous therapies. Fourteen percent of patients were Child-Pugh class 
B and 75% had viral hepatitis. Of the 19 evaluable patients, 5 patients (26%) had a 
PR and 12 patients (63%) were deemed to have SD. Again, this trial showed an 
acceptable safety profile, reduction in viral load, and promising antitumor effects.

The encouraging results of the tremelimumab studies followed into utilizing 
nivolumab in CheckMate 040 trial [4]. This study consisted of dose-escalation and 
dose-expansion phases in patients with intermediate or advanced HCC who had 
progressed, were intolerant, or refused sorafenib. As a result of the dose-escalation 
study, 3 mg/kg every 2 weeks was chosen for the expansion cohort. Most patients 
had advanced HCC with extrahepatic metastases and received sorafenib. Of the 212 
evaluable patients, they observed complete response (CR) in 3 patients (1%) and PR 
in 39 patients (18%). Furthermore, response rates were similar in both patients with 
or without prior sorafenib therapy. These findings resulted in nivolumab being 

Table 12.1 Clinical trial results utilizing immune checkpoint inhibitors in HCC

Sangro et al. [18] Duffy et al. [19]
El-Khoueiry et al. 
[4]

Agent (target) Tremelimumab 
(CTLA-4)

Tremelimumab 
(CTLA-4)

Nivolumab (PD-1)

Number of patients 
evaluated

17 19 212

Complete response (CR) 0 0 3 (1%)
Partial response (PR) 3 (18%) 5 (26%) 39 (18%)
Stable disease (SD) 10 (59%) 12 (63%) 96 (45%)
Median time to 
progression

6.5 months 7.4 months 4.1 months
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approved in the second-line setting for patients with advanced HCC. Another anti-
PD1, pembrolizumab, has shown similar objective response rate of 17% in 104 
enrolled patients in a phase II trial (KEYNOTE-224) [20]. A follow-up phase III 
study however did not meet the primary end points for OS and PFS despite favorable 
trends, suggesting the need for predictive biomarkers of response (KEYNOTE-240, 
NCT02702401). Another phase III trial of pembrolizumab is ongoing in Asian 
patients (KEYNOTE-394, NCT03062358). A phase II trial is underway to evaluate 
the agent as neoadjuvant therapy following surgical resection or ablation (AURORA, 
NCT03337841).

Although these aforementioned trials showed promising results for the use of 
immune checkpoint inhibitors in patients with advanced HCC, additional trails are 
needed and underway to show efficacy as first-line therapy and in combination with 
other immune or cytotoxic therapies. In patients with melanoma combining 
nivolumab and ipilimumab (anti-CTLA-4) produced a greater objective-response 
rate and progression-free survival as compared to single-agent therapy [21]. 
Currently, phase III clinical trials are underway with nivolumab in the first-line 
setting against sorafenib (CheckMate 459) and combination therapies of 
tremelimumab and durvalumab (anti-PD-L1) along with ablative therapies 
(NCT02821754) and nivolumab plus sorafenib (NCT03439891).

 Cell Bases Therapies

Adoptive cell transfer (ACT) is a highly personalized form of cancer immunother-
apy that involves the transfer of host-derived expanded immune cells [22]. Adoptive 
transfer of autologous tumor-infiltrating lymphocytes (TIL) has been shown to 
produce a complete and durable tumor regression in patients with metastatic 
melanoma [23]. There is limited data in the treatment of HCC patients with 
metastatic or unresectable disease via the transfer of ex vivo expanded autologous 
TIL. However, ACT has been tried in the adjuvant setting. Takayama et al. studied 
ACT in the adjuvant setting in 150 patients who had undergone curative resection 
for HCC with 76 patients receiving adoptive immunotherapy and 74 patients 
receiving no adjuvant treatment [24]. The ACT treatment consisted of adjuvant 
activated autologous lymphocyte infusions. ACT treatment increased the recurrence- 
free survival (RFS) but had no impact on overall survival (OS). Activated T cell 
transfer has also been applied with adjunctive treatments such as an autologous 
tumor lysate-pulsed DC vaccine [25]. In this study, patients who underwent a 
curative HCC liver resection received an adjuvant DC vaccine which was made 
from a patient’s isolated DCs pulsing with tumor lysate created from the resected 
tumor along with CD3+ activated T cells. There was a significant difference in both 
RFS and OS in favor of combination DC vaccine and ACT vs. no adjuvant therapy. 
The difference between these two studies may highlight the need for combination 
therapy strategies in the future.
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Another strategy of ACT that has been tried in the adjuvant setting for HCC is 
through the use of cytokine-induced killer (CIK) cells. CIK cells are autologous 
cells that are expanded ex vivo from a patient’s peripheral blood mononuclear cells 
(PBMCs) which are cultured with a cytokine cocktail and anti-CD3 antibodies. CIK 
cells consist of a variety of subpopulations: CD3+/CD56+ cells, CD3−/CD56+ NK 
cells, and CD3+/CD56− cytotoxic T cells. Therefore, CIK cells have potent antitumor 
effects with the dual-functional capability of T cells and NK cells. The result 
indicated its substantial specificity toward tumor cells and the capability of acting 
independent of TCR [26, 27]. Lee et al. studied the use of CIK cells in the adjuvant 
setting in patients with resected HCC. The primary end point of this study is RFS 
and secondary end points include OS and cancer-specific survival. They found that 
CIK cell immunotherapy was associated with improved RFS, OS, and cancer- 
specific survival [27].

CIK cell therapy has also been evaluated in the setting of inoperable advanced 
disease. In a nonrandomized evaluation of patients receiving RFA and TACE, CIK 
cell therapy was shown to possibly improve OS when given with these locoregional 
therapies [28]. Additionally, in a phase II randomized trial, it was found that CIK 
cell therapy can improve OS and PFS as compared to standard treatment [29]. 
Additional data support the use of tadalafil, a phosphodiesterase type 5 (PDE5) 
inhibitor, in combination with CIK cell therapy, as it improves efficacy through the 
suppression of MDSC activity (unpublished work from Greten lab). These studies 
demonstrate promise in adoptive cell-transfer techniques for patients with advanced 
nonoperable HCC as well as in the adjuvant setting. However more research and 
clinical trials are needed in the application of these treatment methods. A major 
potential drawback of ACT is the need of specialized centers and the difficultly in 
making these treatments widely and commercially available.

 Cytokines

Dr. Steven Rosenberg pioneered one of the first successful immune-based treat-
ments with the application of interleukin-2 (IL-2) for the treatment of metastatic 
melanoma [30]. However, for patients with HCC, cytokines-based treatments have 
met with limited success. The use of interferon (IFN) appeared as a logical first 
choice for the treatment of HCC, and it may show both antiviral and antitumor func-
tions. However, for patients with advanced disease, the tumor response rates to IFN 
therapy was poor with a partial response rate of 6% (2 of 30 patients) and no benefit 
in OS [31]. Additionally, IFN therapy was not well tolerated in patients with cir-
rhosis and HCC resulting in nearly half of the patients discontinuing treatment due 
to intolerance or adverse events [31]. IFN has also been studied in the adjuvant set-
ting for patients with viral hepatitis-related HCC with conflicting results. Chen et al. 
investigated the use of adjuvant IFN and failed to find a statistical difference in 
either RFS or OS [32]. Sun et al. investigated a similar cohort with IFN and found 
no difference in disease-free survival but found a significant difference in OS in 
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favor of patients receiving adjuvant IFN [33]. Of note, more patients in the IFN-
group received a second liver resection than patients in the control group. Although 
this was not statistically significant, this may influence OS in these patients.

Additional trials with cytokines involve phase I trials with intratumoral delivery 
of IL-12 [34, 35]. Both these trials included patients with advanced GI tumors, 
displaying feasibility and safety of the therapy, but did not show promising antitumor 
response rates, although the studies were underpowered. Further investigations are 
underway with promising results involving a small molecule inhibitor of TGF-ß 
receptor 1, LY2157299 (galunisertib) in patients with advanced HCC either alone or 
in combination with nivolumab or stereotactic body radiotherapy [10].

 Vaccine Therapy

The introduction of the hepatitis B vaccine in the 1980s may have virtually restruc-
tured the landscape of HCC by preventing assumedly numerous cases of 
HCC. Similarly, immunization against human papilloma virus has greatly decreased 
the risk of cervical cancer in a similar fashion. Utilizing similar principles of 
immune recognition and promoting an adaptive immune response against specific 
antigens, i.e., vaccination, can be applied not only for cancer prevention but also for 
cancer treatment.

The basic element underlying cancer vaccination is increased immune recogni-
tion of tumor-specific neoantigens that result from either driver or passenger 
genomic DNA mutations, producing altered proteins to create neoepitopes. 
Multineoepitope vaccines have been shown to activate both neoantigen-specific 
CD4+ and CD8+ T cells. In the first priming phase of the immune response, cross 
presentation between DCs and TH1 cells can induce potent neoepitope-specific 
cytotoxic T lymphocytes (CTLs) with improved tumor penetration and generating 
memory CD8+ T cells. In the tumor, the vaccine-induced TH1 CD4+ T cells can fur-
ther promote an inflammatory TME through increased IFN-γ, thus upregulating 
MHC class I molecules on tumor cells, which improves killing by the CD8+ T cells. 
Additionally, the IFN-γ upregulates MHC class II molecules, further sensitizing 
tumors to recognition by CD4+ T cells [36].

AFP is expressed by a fraction of HCC tumors and during the process of fetal 
development but not in healthy adult tissues. AFP was the first TAA targeted for 
vaccine-based therapies in HCC despite limited success. In early studies utilizing 
AFP peptides or AFP-pulsed DCs, a T cell response was induced, but no clinical 
benefit of the therapy was observed [37, 38]. In a more recent study, administration 
of AFP-derived peptides to 15 HCC patients produced T cells that reacted to the pep-
tides and resulted in CR in 1 patient and SD in 8 patients with no adverse events [39].

Other trials have been conducted utilizing peptide vaccine against a carcinoem-
bryonic antigen, GPC3, which is an appealing target for HCC vaccines because of 
its specificity to HCC and association with a poor prognosis of the patients. Early 
studies utilizing a GPC3 peptide vaccine found the treatment to be safe and able to 
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induce tumor infiltration of CD8+ T cells. However, the therapy produced only 1 PR 
out of 33 treated patients with a median time to tumor progression of 3.4 months 
[40]. Preclinical studies have shown that utilizing anti-PD1 therapy may result in 
increased response to GPC3 peptide vaccines [41]. The GPC3 vaccine was also 
tested in the adjuvant setting, demonstrating a significantly improved recurrence 
rate in patients treated with surgery plus vaccine compared to surgery alone at 1 
year but was found to be no longer statistically significant at 2 years [42]. Besides a 
vaccine, targeting GPC3 through an anti-GPC3 antibody, GC33, has shown to be 
tolerated and may have promise in further phase II trials [43].

Clinical trials have also been performed using the targeted oncolytic poxvirus, 
JX-594, which was designed to replicate in and destroy cancer cells. JX-594 was 
found to be safe in a phase I study and displayed some promising results in a phase 
II trial with a intrahepatic disease control rate of 46% [44, 45]. Currently, there is an 
ongoing phase III clinical trial evaluating JX-594 (Pexa Vec) followed by sorafenib 
versus sorafenib alone in patients with advanced HCC (NCT02562755). Other trials 
utilizing a vaccine-based strategy with DCs pulsed with antigens have failed to 
demonstrate a significant clinical benefit [10]. Additionally, a phase II trial of low- 
dose cyclophosphamide in combination with the telomerase peptide GV1001  in 
patients with advanced HCC showed no radiologically detectable tumor responses 
[46]. The above studies demonstrate that although vaccine-based strategies in HCC 
can mount an immune response as shown by antigen-specific T cells in the blood of 
treated patients, local factors in the tumor likely prevent tumor eradication. 
Therefore, further studies are needed to progress vaccine-based immunotherapies, 
perhaps in combination with other immune therapies, in patients with advanced 
HCC.

 Sensitivity and Resistance to Immune Therapies

Although there has been recent success with immunotherapy in HCC, namely, 
immune checkpoint inhibitors, a subset of patients do not respond to therapy. 
Unfortunately, there is little known regarding the characteristics of HCC tumors that 
may predict response to immunotherapies. Experimental evidence suggests high 
levels of TIL, IFN signaling, presence of immune checkpoints, or a high tumor 
mutation burden may favor a positive clinical response to immune-based therapies. 
Furthermore, gene expression profiles of tumor, stromal, and immune cells indicate 
approximately 25% of evaluated HCC samples express markers of an inflammatory 
response which may indicate better sensitivity to immunotherapy [47].

Recent studies have suggested potential mechanisms underlying resistance to 
and escape from immunotherapies. Resistance to immunotherapy can be classified 
as primary resistance or adaptive and acquired resistance. Primary resistance occurs 
when the tumor does not respond to an immunotherapy from the initiation of therapy 
likely through lack of tumor antigen recognition by T cells. Adaptive or acquired 
resistance may occur when a tumor is recognized by the immune system, but the 

Z. J. Brown and T. F. Greten



249

tumor protects itself from immune attack. Additionally, resistance can be due to 
intrinsic tumor properties such as a low mutation burden and high PD-L1 expression 
or extrinsic tumor properties such as a highly immunosuppressive TME and lack of 
T cells with antigen-specific TCRs [48].

Further proposed mechanisms of resistance to immunotherapy include tumor 
cells, which have lost beta2-microglobulin (ß2-m) in tumor cells and can therefore 
no longer be recognized by CD8+ T cells [49]. Others observed that nonresponders 
to anti-CLTA-4 with metastatic melanoma have tumors with genomic defects in 
IFN-γ pathway genes [50]. Additionally, upregulation of alternative immune 
checkpoints, notably TIM-3, have also been found in lung adenocarcinoma. This 
suggests the upregulation of alternative immune checkpoints may be associated 
with adaptive resistance to anti-PD-1 therapy and therefore TIM-3 may be a potential 
target for combination therapy with anti-PD-1 [17]. Further understanding of the 
underlying resistance mechanisms to immunotherapies is needed to develop proper 
combination strategies to improve efficacy of checkpoint blockade for HCC 
treatment.

 Future Therapies

Genetically modified T cells have been applied to cancer therapy, and this technique 
is likely to be applied to HCC in the near future. T cells can be manipulated to 
express a high-affinity TCR or a chimeric antigen receptor (CAR). TCRs have a 
limitation of being restricted to recognize specific MHC molecules and therefore 
can only be used in patients who possess those specific HLAs. CAR T cells express 
a genetically engineered fusion molecule that act independently from an MHC 
molecule and are therefore able to circumvent HLA restrictions. The use of CAR T 
cells has been thrust into mainstream treatment for patients with CD19+ hematologic 
malignancies. The use of TCR and CAR T cells for patients with HCC remains in 
its infancy. Preclinical studies utilizing GPC3-specific T cells showed promising 
results in HCC-bearing mice [51]. A phase I study is currently underway to 
investigate its safety and antitumor activity of autologous T cells expressing TCRs 
for AFP in patients with advanced HCC (NCT03132792).

As alluded to earlier in this chapter, combining multiple immunotherapy modali-
ties may improve HCC response rates. The combination of checkpoint inhibitors, 
ACT, cytokines, and vaccines have been studied in other malignancies with varying 
degrees of success. The application of these approaches is likely soon to be applied 
to HCC. The use of immune-based therapies also raises concern about safety of the 
agents in HCC patients with underlying liver dysfunction caused by viral hepatitis 
or other etiologies. An early concern was the possible hepatocyte damage due to an 
overwhelming immune response against viruses in infected hepatocytes. However, 
the earlier application of immunotherapy, namely, checkpoint inhibitors, appeared 
to be generally safe and well-tolerated in patients with advanced HCC and therefore 
has led to the pursuit of combination with other treatment modalities [52]. 
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Additionally, effective adjuvant therapy is lacking in HCC, and the use of immuno-
therapies may provide a benefit to this patient population and requires further evalu-
ation. Phase I and II clinical trials are planned to test nivolumab as neoadjuvant 
therapy after surgical resection of HCC tumors (NCT03510871, NCT03299946).

 Conclusion

The application of immunotherapies has restructured the treatment approach to 
numerous malignancies such as melanoma and non-small cell lung cancer and is 
now being adopted for the treatment of HCC patients. Although the liver 
microenvironment is immunosuppressive and chronic liver disease contributes to 
further immune tolerance, the early application of immune-based therapies has 
demonstrated promising results in clinical trials. Further basic, translational, and 
clinical studies are required to better understand the complex interactions between 
tumor cells, immune cells, and immunotherapies in the tumor microenvironment to 
develop a treatment strategy to eliminate HCC cells.
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