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Abstract
Cancer is a major disease threatening human health. The overall prognosis for hepatocellular carcinoma (HCC) patients 

is poor, with a dismal 5-year survival rate of approximately 5%-30%. The dysfunction of immune system plays a 

pivotal role in the development of cancer, which has attracted attention of several researchers. Recent advances in 

immunotherapy have led to various inspired achievements and refreshed our concepts about cancer treatments. In 

this article, several types of immune-based therapies for treating HCC are reviewed. Their underlying mechanisms, 

preclinical and clinical study results, potential prospects, and deficiencies are discussed, and an outline for future 

research directions is proposed.
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INTRODUCTION
Cancer is one of the primary diseases that threaten human health. Nearly 14.1 million new cases of cancer 
and 8.2 million cancer-related deaths worldwide were estimated in 2012. Moreover, 782,000 new cases of 
liver cancer have been recorded, with nearly half of these cases reported in China alone[1]. Liver cancer is 
the second most common cause of cancer deaths among adult men worldwide. Nearly 746,000 deaths (9.1% 
of the total) were caused by liver cancer in 2012. Hepatocellular carcinoma (HCC) is the most primary, 
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common, malignant liver cancer. The overall prognosis for HCC patients is poor, with a dismal 5-year 
survival rate of approximately 5%-30%[1,2]. 

The most common progression of liver cancer is from chronic inflammation to cirrhosis and eventually 
developing to HCC through a prolonged period leading to multiple function disorders. Immunosuppression 
may be one of the most important reasons. T cell dysfunction, also known as T cell exhaustion, occurs 
in chronic infections and cancers. Various cell populations, including infiltrating immune cells and 
tumor cells, stroma cells with related cytokines and metabolites, cause T cell dysfunction in the tumor 
microenvironments. Exhausted T cells lack robust effector functions and express multiple inhibitor receptors 
that reduce efficient immunological surveillance of tumor[3,4]. Tumor recurrence and relapse-free survival 
(RFS) are correlated to CD3+, CD8+ immune cells or tumor infiltrating lymphocytes (TILs), as well as 
the inhibitory receptors such as programmed cell death protein 1 (PD-1) and its ligand[5]. The potential 
immunosuppressive mechanism involves the hepatoma-intrinsic cell cycle-related kinase (CCRK) signaling 
stimulated by the expansion of the polymorphonuclear (PMN) myeloid-derived suppressor cells (MDSCs), 
which have been correlated to potent T cell suppression and poor prognosis of patients[6,7]. Expression of 
ectonucleoside triphosphate diphosphohydrolase 2 (ENTPD2) on the surface of cancer cells is induced by 
hypoxia, which elevates extracellular 5’-AMP and prevents the differentiation of MDSCs, consequently, 
contributing to the maintenance of MDSCs[8]. 

Recently, cancer immunotherapy has emerged from being an adjacent to a frontline therapy and has 
demonstrated positive outcomes involving various cancers. Antagonistic antibodies for the PD-1 and cytotoxic 
T cell lymphocyte antigen-4 (CTLA-4) pathways have been approved by the Food and Drug Administration 
(FDA) for use in a growing number of cancers, including Hodgkin’s lymphoma (HL), melanoma, bladder, 
non-small-cell lung and kidney cancers[9,10]. Tumor tissue deep sequencing has advanced the neoantigen-
based vaccines[11,12] and neoantigen-specific T cells[13-16] to clinical trials and resulted in discovering significant 
antitumor effects that will make individualized immunotherapy become a reality. In 2017, 2 kinds of chimeric 
antigen receptor (CAR) T cells that target CD19 have received FDA approval for treatment of diffuse large 
B-cell lymphoma (DLBCL) and acute lymphoblastic leukemia (ALL), respectively[17-19]. Here, we provide an 
overview of current preclinical and clinical immunotherapeutic approaches for HCC. 

IMMUNOTHERAPY APPROACHES
Cancer vaccine
Promoting tumor specific immune responses, especially the cytotoxic CD8+ T cells is the main goal of 
cancer vaccines. In colorectal cancer (CRC), breast cancer and ovarian cancer, the reduced frequency of 
tumoral cytotoxic CD8+ T cells is correlated with poor disease prognosis[20-23]. On the other hand, it is a 
positive prognostic factor in that TILs are present in tumor deposits. The investigation of vaccines that 
target specific mutated antigens is being encouraged due to the technological developments in the recent few 
years. Several kinds of cancer vaccines are being tested, for instance proteins, peptides, tumor cells, antigen 
presenting cells (APC), and viral vectors. 

Vaccination with antigens 
The first step toward DC vaccine production is loading tumor antigens on the immature dendritic cells (DCs). 
Tumor antigen candidates could be mutated genes, neoantigens, viral genes, tissue-specific genes, whole 
proteins, deoxycholate citrate sugar (DCA) constructs and tumor lysates of autologous or allogeneic tumor 
cells or tumor cell lines, which belong to either tumor-associated antigens (TAAs) or tumor-specific antigens.

Alpha-fetoprotein (AFP) is a fetal serum protein produced in the liver and is normally synthesized only 
during fetal development until shortly after birth, while it is produced again in instances of HCC. Specific 
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cytotoxic T lymphocytes (CTLs) targeting against this antigen have been shown to exist in the T cell 
repertoire, without being peripherally or centrally deleted, which suggests AFP is a promising target antigen 
for HCC immunotherapy[24,25]. Human T cell repertoire could effectively respond to the AFP self-antigen in 
the context of major histocompatibility complex (MHC) class I or after the administration of AFP peptide-
pulsed DC[26,27]. Previous studies using DCs or T cells pulsed with AFP-derived peptides suggest that AFP-
derived peptides are suitable epitopes as immunotherapy targets. However, because of the self-nature of AFP, 
the vaccine-activated immune responses were weak. Thus, not surprisingly, the clinical results were not 
satisfactory[27,28] except that a recent phase 1 clinical trial in HLA-A24 patients showed that immunization 
with AFP-derived peptides resulted in immune responses in 33% (5 of 15) of patients, of whom one patient 
had complete response[29]. To enhance the AFP-specific immune responses, investigators mutated the AFP 
epitope to create epitope-optimized vaccines. They recently found that epitope-optimization of AFP antigen 
together with genetic immunization can activate potent AFP-specific CD8 responses[30]. The activated CD8+ 
T cells in mice could not only cross-recognize short synthetic wild-type AFP peptides, but also identify 
and kill the tumor cells expressing wild-type AFP, which successfully prevents the immunized mice from 
developing carcinogen-induced autochthonous HCC. Further studies show that the antitumor effects of 
vaccine-activated AFP-specific CD8 T cells are correlated to optimal T cell receptor (TCR) signaling strength 
and induction of stem-like memory T cells[31,32].

Conversely, cancer vaccine development benefits from deep sequencing and rapid identification of neoepitopes 
in the tumor lesions[33], a modern technology has emerged for designing a personalized immunotherapy 
approach by using neoantigens -mutated antigens generated in the tumor mass that are unique to each 
patient’s cancer to elevate the immune function and kill cancer cells. The identification of personalized 
somatic mutations can be conducted by whole-exome sequencing and matching DNA from normal cell 
with tumor cell from each patient. Mutated peptides are then synthesized to create a new vaccine that has 
a high likelihood to bind to the autologous human leukocyte antigen (HLA)-A or HLA-B proteins. In a 
phase I clinical study for melanoma with neoantigen-based vaccines, 15 (16%) and 58 (60%) of the 97 unique 
neoantigens could be targeted by vaccine-induced polyfunctional CD8+ and CD4+ T cells, respectively. No 
recurrence of tumor was noticed in 4 of the 6 vaccinated patients for up to 25 months after vaccination.

Vaccination with APC
Antigen presenting cell, including dendritic cells, activated B cells, and peripheral blood mononuclear cells, 
have been widely investigated as candidates for tumor vaccine. In the innate immune system, the most 
efficient APCs are the DCs[34,35]. They are well-known to be the most potent APCs for inducing antigen-
specific T cell responses. They acquire and present tumor antigens to T lymphocytes, promote the generation 
of CTLs and helper T cells[36], decrease the proportion of CD4+CD25+ regulatory T cells[37] and induce anti-
tumor immune response[38]. After the first DC-based vaccine for the treatment for prostate cancer, the study 
of DCs is continuously growing internationally. DC-based therapies are increasingly investigated and used 
to treat many kinds of patients with cancer or other diseases. In terms of manufacturing the DC vaccines, 
it is important to select proper tumor antigens and choose the appropriate method for loading the tumor 
antigens onto the DCs. Tumor antigen-pulsed DC vaccines can effectively develop mature DCs (mDCs) and 
enhance T cell stimulation to generate potent CTLs. 

There are 3 generations of DC vaccines according to the development of different subsets. First-generation 
DC vaccines are not fully matured, consisting of patient-derived natural DCs or monocyte-derived DCs 
(mo-DCs). Antigens, such as tumor cell lysates or recombined/synthetic antigenic peptides, are loaded onto 
the DCs ex vivo and then reinjected in the patients. The first-generation DC vaccines provided satisfactory 
outcomes in terms of safety and feasibility but not of expected clinical efficacy[39-41]. The second-generation DC 
vaccines consisted of mo-DCs matured via maturation cocktails. Such vaccines are widely used in the clinics 
because of its minimal immunogenic side effects and better clinical responses[42]. Nowadays, the clinical 
progress on DC vaccines has reached a new era: next-generation DC vaccines. Many defined DC subsets 
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(including patient-derived and mo-DCs) confer the next-generation DC vaccines superior functionalities 
for presenting MHC-I/II antigen and eliciting CTL responses[43]. Pulsing DCs with CD44 and epithelial cell 
adhesion molecule (EpCAM) peptides can activate cancer stem-like cells (CSCs) peptide-specific immune 
responses leading to better clinical outcomes when combined with standard chemotherapy for advanced 
carcinomas[44]. Cytoplasmic transduction peptide (CTP), a novel antigen delivery tool, can transduce tumor 
antigen such as the forkhead box protein M1 (FoxM1) into the cytosol of DCs[45].

Vaccination approaches
Many studies have focused on pre-conditioning the DC-based vaccine sites and have already reported some 
interesting discoveries. The lymph node homing and immune function of tumor antigen-specific DCs can 
be significantly improved by pre-conditioning the vaccine site with a potent recall antigen, such as tetanus/
diphtheria (Td) toxoid. A significant increase in both PFS and overall survival (OS) in Td-treated patients 
compared with DC-treated patients has been approved for clinical trials[46]. Furthermore, RNA-lipoplexes 
(RNA-LPX) encoding endogenous self-antigens or mutant neo-antigens or viral can enable precise and 
effective targeting of DCs and perform effectively in vivo, as well as induce strong effector and memory T cell 
responses. This could result in a universally applicable vaccine type for DC based cancer immunotherapy[47]. 
Exosomes derived from AFP-expressing DCs (DEX

AFP
), another type of vaccine for cancer immunotherapy 

elicits strong antigen-specific immune responses and restructures the microenvironment in tumor[48]. DCs 
can also be loaded via RNA transfection[49] or recombinant viral transduction[50].

Immune checkpoints-specific antibodies 
The interactions between an APC and a T cell through the TCR-antigen/MHC complex simultaneously 
trigger both co-stimulatory and co-inhibitory signals. The balance between these signals determines the 
overall activation and function of T cells. Several co-inhibitory molecules (PD-1, CTLA-4, BTLA-4, LAG-3, 
TIM-3 and CD160) expressed on the surface of T cells are the targets of antibodies[51-55]. Checkpoint blocking 
antibodies have been approved by the FDA since 2014 for patients with lung cancer, melanoma, and other 
tumors. For HCC, CTLA-4 and PD-1 antibodies have been intensely investigated and are both advancing to 
the clinical trial stage. 

CTLA-4
Blocking CTLA-4 induces a strong antitumor immune response[56], and research on CTLA-4 is ongoing[57,58]. 
CTLA-4 blockers were mainly ipilimumab and tremelimumab. In 2011, FDA approved ipilimumab for 
the treatment of melanoma. However, for the CTLA-4 molecular targeted therapy, only tremelimumab is 
currently undergoing clinical trials related to liver cancer. In a phase II clinical trial of tremelimumab[59], 
median OS was 8.2 months and median TTP was 6.48 months among all 21 patients enrolled. Among the 
17 patients continuously treated with tremelimumab, no complete remission (CR) was observed, while 3 
patients (17.6%) had confirmed partial remission (PR) that was maintained up to 3.6, 9.2 and 15.8 months, 
respectively. Overall, a good safety profile was recorded and no treatment-related death occurred. The 
feasibility and safety of tremelimumab combined with ablation (chemoablation or radiofrequency ablation) 
in patients with advanced HCC was assessed in another clinical trial[60]. Among the 19 patients evaluated, 
5 patients (26%) achieved confirmed PR. The median OS was 12.3 months and median TTP was 7.4 months 
with a median potential follow-up of 18.8 months for the total study population (n = 28). Tremelimumab 
was well tolerated across the different dose cohorts and no dose-limiting toxicities (DLT) was encountered. 
Recently, ipilimumab, another drug combined with the fully humanized anti-CTLA-4 IgG1 antibody, has 
been investigated in several clinical trials. These results have not been published.

PD-1/PD-L1
PD-1 is expressed on T cells binding with its ligand (PD-L1, PD-L2)[61,62]. PD-L1 is expressed on APC[63] and 
negatively regulates downstream signals of T cell receptor stimulation to reduce T cell activation and cytokine 
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production, while decreasing tumor-killing ability[64,65]. PD-1, lymphocyte-activation gene-3 (LAG3), T cell 
immunoglobulin and mucin-domain containing-3 (TIM-3) and CTLA4 are expressed on CD4+ and CD8+ T 
cells, as well as B cells and natural killer (NK) cells[66]. The expression of TIM-3, PD-1, CTLA4, and LAG3 was 
significantly higher in CD4+/CD8+ T cells and TAA-specific CD8+ TILs in the HCC tissue than in the control 
tissue or blood. Blocking these immune checkpoints may increase ex vivo proliferation and effector cytokine 
production of tumor-infiltrating T cells[67]. Thus, the anti-tumor immune response of immune cells can be 
enhanced, and tumor growth controlled[64,68]. Nivolumab, a fully human IgG4 monoclonal antibody PD-1 
inhibitor was investigated in a multiple ascending-dose, phase I/II study in HCC patients. In 39 patients 
whose response could be evaluated, 2 CR (5%), and 7 PR (18%) cases were reported. Response duration 
was 14-17 or more months for CR, less than 1-8 or more months for PR, 1.5-17 or more months for stable 
disease, and an OS of 72% at 6 months. The toxicity profile has been well managed[69]. Subsequently, 
another randomized, multi-center clinical trial comparing the efficacy with nivolumab vs. sorafenib is 
ongoing (NCT02576509). Besides, the overall expression of PD-L1 on tumor cells is negatively correlated 
with tumor recurrence and survival in HCC patients. It can be used as an independent prognostic factor for 
the disease-free survival of patients with liver cancer[70,71]. Currently, plenty of early clinical trials of PD-1/
PD-L1 blockers alone or in combination with CTLA-4 blockers for liver cancer are ongoing. At present, 
the FDA has already approved 5 PD-1/PD-L1 checkpoint blocking antibodies for non-HCC tumors, 2 
are PD-1 antibodies: nivolumab, pembrolizumab; 3 are PD-L1 antibodies: durvalumab, atezolizumab, and 
avelumab. Furthermore, nivolumab has been approved by FDA for HCC patients who received sorafenib 
treatment in the USA in September 2017. The clinical efficacy of each drug in controlling HCC will be worth 
anticipating.

Adoptive cell therapy
Adoptive cell therapies (ACTs) that expand certain cells ex vivo and then infuse them back to patients 
have in recent years gained attention for the clinical treatment of tumors. These modified cells are able to 
transfer to the site of tumor and mediate its destruction[72]. Modified strategies are mainly focused on T cells 
especially the CD8+ T cells that perform specific tumor killing function[15]. 

CIK/DC-CIK immunotherapy
CIK/DC-CIK is one of the ACTs that can expand autogenous T lymphocytes ex vivo and are stimulated by 
many kinds of cytokines co-cultured with DC pulsed by tumor antigens alternatively[73]. After culturing, CIK 
cells would comprise of CD3+CD56+ cells, CD3+CD56- cytotoxic T cells, and CD3-CD56+ NK cells. These 
heterogeneous cells are characterized by dual functions, acting both as NK-like and CD8+ specific effector 
T cells[74]. At the same time, CD8+ specific effector T cells can specifically be activated by DC loaded with 
tumor antigens. A multicenter, randomized, open-label, phase III trial on the efficacy and safety of adjuvant 
immunotherapy with activated CIK cells showed that the median time of recurrence-free survival (RFS) was 
44 months in the immunotherapy group and 30 months in the control group of patients with HCC when 
subjected to curative treatment[75]. Given that the efficacy of immunotherapy is primary influenced by the 
complex immune microenvironment in HCC patients, immune factors should be considered for and may 
represent additional prognostic parameters for predicting survival benefits of immunotherapy. In addition, 
adoptive CD8+ T cells cannot be replicated in vivo after infusion, though it can be expanded abundantly 
ex vivo. Therefore, CIK/DC-CIK need to be transfused repeatedly to achieve better clinical efficacy. In a 
retrospective study of 448 HCC patients that received complete hepatectomy combined with/without CIK 
cell immunotherapy, the prognosis was significantly improved in the CIK treatment group compared with 
the surgery only group. Higher PD-L1 expression predicts better OS and RFS, especially in the subgroup with 
high hepatitis B viral load[76]. However, another clinical trial reported no significant differences in DFS and 
OS between the patients who received CIK (n = 100) and who did not (n = 100) after curative hepatectomy[77]. 
The clinical efficacy of CIK/DC-CIK treatment needs to be further demonstrated.
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Genetically engineered T cells
As a pivotal role in killing tumor cell, the function of T cells has always been the focus of investigation. 
With the development of modern genetic techniques, T cells can be genetically engineered for enhanced 
anticancer immune functions. These engineered T cell therapy has been first applied in hematological 
malignancy[78,79] and then gradually introduced to treat solid tumors such as glioblastoma[80], prostate 
cancer[81] and sarcoma[82]. Recent studies on modified T cells expressing engineered TCRs and CARs show 
encouraging results to advance from basic to clinical research.

TCR engineered T cells
Endogenous TCRs recognize the peptide segments submitted by MHC-I and MHC-II on the cell surface 
with a heterodimer consisting α- and β-chains. Each TCR is a heterodimer that determines the TCR antigen-
specificity. TCR-T was genetically modified with TCR chains for targeting specific antigens expressed on 
tumor cells to cure specific diseases. As the peptides were processed and submitted by MHC, they present 
various antigens as an expanded pool of potential targets. For this reason, TCR-T can target moreantigens 
in comparison to CAR-T[83]. It was the first successful application of ACT when 17 patients with metastatic 
melanoma were treated using autologous T cells transduced with TCR recognizing the MART-1 melanoma-
melanocyte differentiation antigen[84]. Although objective cancer regressions were observed in mice and 
expanded clinical trials, severe “on-target, off-tumor” toxicity occurred in the skin, eyes, and ears of patients 
because of the expression of antigenic targets in these organs[85,86]. AFP and GPC3 are commonly expressed 
in the HCC. These two specific antigens are good targets for engineered T cell therapy. Peptide GPC3

367
 is 

a predominant peptide identified on HLA-A2 positive hepatoma cells. CD8(+) T cells that express GPC3
367

-
specific T cell receptor can recognize and kill GPC3-positive hepatoma cells and reduce growth of HCC 
xenograft tumors in mice[87]. In a recent study, novel AFP-specific murine TCR genes have been identified that 
can redirect human T cells to specifically recognize and kill HCC tumor cells[32]. AFP-specific murine TCR 
genes were identified in another study. These TCR-T cells specifically recognize HLA-A*02:01+/AFP+ HCC 
tumor cells and produce effector cytokines to kill them in vitro. Adoptive transfer of TCR-T cells prevent 
and regress HepG2 tumor outgrowth in NSG mice, irrespective of CD4 or CD8 TCR-T cells. Though tumor 
developed in one of the TCR-T-treated mice, it was eradicated 3 weeks after transfer[32]. HBV infection is one 
of the most common causes of HCC tumorigenesis. In one case report, a patient seems to have developed 
HCC relapse 10 years after liver transplantation for HBV+ HCC. At the time of HCC relapse, HBsAg (but 
not HBV DNA) was detected in the blood analysis, while HBsAg, HBcAg and HBV DNA were negative in 
liver biopsies for the transplanted liver. Subsequently, HCC autologous T cells genetically modified to express 
an HBsAg specific T cell receptor were transferred to this patient. The results show reduced levels of HBsAg 
without exacerbation of liver inflammation or other toxicity, while clinical efficacy could not be established. 
This leads to a novel strategy of personalized immunotherapy targeting specific peptides in the treatment of 
HBV associated HCC[88].

TCR-T therapy has got into clinical trial of multiple myeloma (MM), metastatic melanoma and esophageal 
cancer, while the safety reports differ from each other. In a phase I trial of MAGE-A4 T cell receptor gene-
transduced lymphocytes in patients with recurrent esophageal cancer, none of 10 patients experienced any 
adverse events for the first 14 days after T cell transfer[89]. However, the safety is not optimistic in other 2 
trials. Seven of 20 patients with MM had SAEs after infusion of NY-ESO-1 specific TCR engineered T cells[90]. 
While 2 of 14 patients had serious adverse events (SAEs) of acute respiratory distress requiring intubation 
associated with patchy pulmonary infiltrates within 1 week of cell infusion with MART-1 T cell receptor 
transgenic lymphocytes and dendritic cell vaccination in patients with metastatic melanoma[91]. Therefore, 
the toxicity may bring new challenges to the development of TCR-T therapy. Recently, 4 TCR-T therapies in 
HCC have started phase I/II clinical trial (NCT02686372, NCT02719782, NCT03441100, NCT03132792). The 
safety of these trials needs to be paid significant attention as well as clinical efficacy. 
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Chimeric antigen receptor engineered T cells 
Unlike TCRs, CARs are formed by a combination of antibody-derived or ligand-derived domains and TCR 
domains. Due to engineering specific antigens, CAR-T specifically expresses a receptor to direct the T cells 
to target and destroy cancer cells. Therefore, CAR-T therapy represents specific recognition and lethality. 
Meanwhile, specificity enhancement of CAR-T cells can make them activate at very low level of target on non-
malignant tissue so that prevent off-tumor toxicity. Based on the different engineered chains of CAR, CAR-T 
has developed from the first generation to the second and third generation[83,92]. With the development of 
CAR-T therapy, CAR-T cells have longer survival times, better functional properties, and less toxicity. These 
characteristics make CARs “living drugs” that exert both immediate and long-term therapeutic benefits. The 
third generation of GPC3-CAR-T cells are able to efficiently kill GPC3-positive HCC cells, while suppressing 
the growth of HCC xenografts. The cytotoxic effects were positively correlated to the GPC3 expression levels 
in the target[93,94]. A phase I clinical trial for anti-GPC3 CAR T has been sponsored in 2015 to evaluate the 
safety and effectiveness for patients with relapse or refractory HCC. Thirteen patients were enrolled in this 
trial, and the results are eagerly anticipated (NCT02395250). A different CAR-T approach towards HCC was 
recently developed by utilizing the antibody against HLA-A2/AFP

158
 peptide complex[95]. If successful, this 

approach may expand CAR-T therapy to the intracellular tumor antigen. T cells expressing ET1402L1-CAR 
(AFP-CAR) could selectively lyse liver cancer cells that were HLA-A*02:01+/AFP+. Under in vivo conditions, 
both intratumoral infection and intravenous administration of AFP-CAR T cells significantly inhibit 
tumor growth in mice. The robust antitumor activity was attempted in an established intraperitoneal liver 
cancer xenograft model. The phase I clinical trial of an ET1402L1-CAR started only in 2017 (NCT03349255). 
Autologous CAR-modified T cell directed CD133 (CART-133) is another therapy targeting for CD133, which 
has developed into a phase I trial for HCC and pancreatic carcinomas and colorectal carcinomas. The results 
showed 3 PR and 14 stable disease in all 23 patients. For safety, the reduction of hemoglobin, lymphocytes, 
and thrombocytes occurred in nearly all the patients. Lymphopenia presented in all the non-HCC patients 
with grade 2-4 and all HCC patients with grade 2[96]. So far, most clinical results of CAR-T have come 
from the treatment of hematologic diseases. The clinical trial of CAR-T for solid tumors is just beginning. 
However, cytokine releasing syndrome and on-target/off-tumor toxicity are still very important side effects 
which should be solved in either hematologic diseases or solid tumors. 

Due to the complexity of the immune system post-infusion, ACT is more complex than other types of 
immunotherapy. For expressing the different antigens and the varied microenvironments in different 
patients, several biotechnology companies are turning their efforts to develop personalized approaches. This 
is being attempted by screening personalized tumor antigens and expanding personalized lymphocytes in 
the individuals. Although multiple commercial models have been proposed, the effectiveness and safety 
need further investigation. 

SUMMARY AND FUTURE RESEARCH DIRECTION
Although the number of HCC related deaths is high, its prognosis remains poor and available treatment 
options are limited. Over the past decades, immunology has evolved from the basic to the clinical realm, 
which has contributed to many immunotherapies entering the clinics, which is encouraging and offers new 
treatment prospects for HCC. Strategies including immune checkpoint blockers, genetically engineered T 
cells (TCR-T and CAR-T) have already secured FDA approval for many types of cancer treatments. The 
screening and identification of HCC neoantigens have reinvigorated the relevance of immunotherapy, and 
precisely, pushing the personalized treatment into a reality. The progress in the field of cancer treatment 
is obvious, yet, tumor is still a dreadful disease with limited options to cure. Making the treatment more 
accurate and effective for HCC remains a huge challenge. To better understand tumor, further research 
of the tumorigenesis mechanism is needed. With immune suppression in tumor microenvironments, 
further research should likely focus on alleviating inhibition of immune suppression and restoring normal 
immune functions. Various immune functions also need to be further investigated including tumor antigen 

He et al. Hepatoma Res  2018;4:40  I  http://dx.doi.org/10.20517/2394-5079.2018.45                                                    Page 7 of 12



presentation for APC, recognition and killing of tumor by immune cells, and function restoration of immune 
cells. For each of the immunotherapy strategies outlined, precision, accuracy, efficiency, thoroughness, and 
safety must be considered. Clinical trials and experiments should be thoroughly designed to derive real 
value of clinical testing. Target patients, method of administration, treatment strategy are additional factors 
for consideration. In addition, novel drugs and approaches are still expected to be introduced. In conclusion, 
there is no doubt that a new era is beginning for HCC treatment, which shines the light of hope in our quest 
to conquer cancer.

DECLARATIONS 
Authors’ contributions 
Designed and drafted the manuscript: He YJ 
Reviewed and modified the manuscript: Guo YB, Zhu W, He YK, Hou JL
Read and approved the final manuscript: all authors

Availability of data and materials
Not applicable.

Financial support and sponsorship
None.

Conflicts of interest 
All authors declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication 
Not applicable.

Copyright
© The Author(s) 2018.

REFERENCES
1. All Cancers (excluding non-melanoma skin cancer) Estimated Incidence, Mortality and Prevalence Worldwide in 2012. Available from: 

http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx. [Last accessed on 18 Jul 2018]
2.	 Allemani	C,	Matsuda	T,	Di	Carlo	V,	Harewood	R,	Matz	M,	Nikšić	M,	Bonaventure	A,	Valkov	M,	Johnson	CJ,	Estève	J,	Ogunbiyi	

OJ,	Azevedo	E	Silva	G,	Chen	WQ,	Eser	S,	Engholm	G,	Stiller	CA,	Monnereau	A,	Woods	RR,	Visser	O,	Lim	GH,	Aitken	J,	Weir	
HK,	Coleman	MP;	CONCORD	Working	Group.	Global	surveillance	of	 trends	in	cancer	survival	2000-14	(CONCORD-3):	analysis	
of	individual	records	for	37	513	025	patients	diagnosed	with	one	of	18	cancers	from	322	population-based	registries	in	71	countries.	
Lancet	2018;391:1023-75.

3.	 Wherry	EJ,	Kurachi	M.	Molecular	and	cellular	insights	into	T	cell	exhaustion.	Nat	Rev	Immunol	2015;15:486-99.
4.	 Speiser	DE,	Ho	PC,	Verdeil	G.	Regulatory	circuits	of	T	cell	function	in	cancer.	Nat	Rev	Immunol	2016;16:599-611.
5.	 Gabrielson	A,	Wu	Y,	Wang	H,	Jiang	J,	Kallakury	B,	Gatalica	Z,	Reddy	S,	Kleiner	D,	Fishbein	T,	Johnson	L,	Island	E,	Satoskar	R,	

Banovac	F,	Jha	R,	Kachhela	J,	Feng	P,	Zhang	T,	Tesfaye	A,	Prins	P,	Loffredo	C,	Marshall	J,	Weiner	L,	Atkins	M,	He	AR.	Intratumoral	
CD3	and	CD8	T-cell	densities	associated	with	relapse-free	survival	in	HCC.	Cancer	Immunol	Res	2016;4:419-30.

6.	 Zhou	J,	Liu	M,	Sun	H,	Feng	Y,	Xu	L,	Chan	AWH,	Tong	JH,	Wong	J,	Chong	CCN,	Lai	PBS,	Wang	HK,	Tsang	SW,	Goodwin	T,	Liu	R,	
Huang	L,	Chen	Z,	Sung	JJ,	Chow	KL,	To	KF,	Cheng	AS.	Hepatoma-intrinsic	CCRK	inhibition	diminishes	myeloid-derived	suppressor	
cell	immunosuppression	and	enhances	immune-checkpoint	blockade	efficacy.	Gut	2018;67:931-44.

7.	 Mok	MT,	Zhou	 J,	Tang	W,	Zeng	X,	Oliver	AW,	Ward	SE,	Cheng	AS.	CCRK	 is	 a	novel	 signalling	hub	exploitable	 in	 cancer	
immunotherapy.	Pharmacol	Ther	2018;186:138-51.

8.	 Chiu	DK,	Tse	AP,	Xu	IM,	Di	Cui	J,	Lai	RK,	Li	LL,	Koh	HY,	Tsang	FH,	Wei	LL,	Wong	CM,	Ng	IO,	Wong	CC.	Hypoxia	inducible	factor	

Page 8 of 12                                                     He et al. Hepatoma Res  2018;4:40  I  http://dx.doi.org/10.20517/2394-5079.2018.45



HIF-1	promotes	myeloid-derived	suppressor	cells	accumulation	through	ENTPD2/CD39L1	in	hepatocellular	carcinoma.	Nat	Commun	
2017;8:517.

9.	 Harding	JJ,	El	Dika	I,	Abou-Alfa	GK.	Immunotherapy	in	hepatocellular	carcinoma:	primed	to	make	a	difference?	Cancer	2016;122:367-77.
10.	 Longo	V,	Gnoni	A,	Casadei	Gardini	A,	Pisconti	S,	Licchetta	A,	Scartozzi	M,	Memeo	R,	Palmieri	VO,	Aprile	G,	Santini	D,	Nardulli	P,	

Silvestris	N,	Brunetti	O.	Immunotherapeutic	approaches	for	hepatocellular	carcinoma.	Oncotarget	2017;8:33897-910.
11.	 Ott	PA,	Hu	Z,	Keskin	DB,	Shukla	SA,	Sun	J,	Bozym	DJ,	Zhang	W,	Luoma	A,	Giobbie-Hurder	A,	Peter	L,	Chen	C,	Olive	O,	Carter	TA,	

Li	S,	Lieb	DJ,	Eisenhaure	T,	Gjini	E,	Stevens	J,	Lane	WJ,	Javeri	I,	Nellaiappan	K,	Salazar	AM,	Daley	H,	Seaman	M,	Buchbinder	EI,	
Yoon	CH,	Harden	M,	Lennon	N,	Gabriel	S,	Rodig	SJ,	Barouch	DH,	Aster	JC,	Getz	G,	Wucherpfennig	K,	Neuberg	D,	Ritz	J,	Lander	ES,	
Fritsch	EF,	Hacohen	N,	Wu	CJ.	An	immunogenic	personal	neoantigen	vaccine	for	patients	with	melanoma.	Nature	2017;547:217-21.

12.	 Sahin	U,	Derhovanessian	E,	Miller	M,	Kloke	BP,	Simon	P,	Löwer	M,	Bukur	V,	Tadmor	AD,	Luxemburger	U,	Schrörs	B,	Omokoko	T,	
Vormehr	M,	Albrecht	C,	Paruzynski	A,	Kuhn	AN,	Buck	J,	Heesch	S,	Schreeb	KH,	Müller	F,	Ortseifer	I,	Vogler	I,	Godehardt	E,	Attig	S,	
Rae	R,	Breitkreuz	A,	Tolliver	C,	Suchan	M,	Martic	G,	Hohberger	A,	Sorn	P,	Diekmann	J,	Ciesla	J,	Waksmann	O,	Brück	AK,	Witt	M,	
Zillgen	M,	Rothermel	A,	Kasemann	B,	Langer	D,	Bolte	S,	Diken	M,	Kreiter	S,	Nemecek	R,	Gebhardt	C,	Grabbe	S,	Höller	C,	Utikal	
J,	Huber	C,	Loquai	C,	Türeci	Ö.	Personalized	RNA	mutanome	vaccines	mobilize	poly-specific	therapeutic	immunity	against	cancer.	
Nature	2017;547:222-6.

13.	 Robbins	PF,	Lu	YC,	El-Gamil	M,	Li	YF,	Gross	C,	Gartner	J,	Lin	JC,	Teer	JK,	Cliften	P,	Tycksen	E,	Samuels	Y,	Rosenberg	SA.	Mining	
exomic	sequencing	data	to	identify	mutated	antigens	recognized	by	adoptively	transferred	tumor-reactive	T	cells.	Nat	Med	2013;19:747-52.

14.	 Gros	A,	Parkhurst	MR,	Tran	E,	Pasetto	A,	Robbins	PF,	Ilyas	S,	Prickett	TD,	Gartner	JJ,	Crystal	JS,	Roberts	IM,	Trebska-McGowan	
K,	Wunderlich	JR,	Yang	JC,	Rosenberg	SA.	Prospective	identification	of	neoantigen-specific	lymphocytes	in	the	peripheral	blood	of	
melanoma	patients.	Nat	Med	2016;22:4051.

15.	 Rosenberg	SA,	Restifo	NP.	Adoptive	cell	transfer	as	personalized	immunotherapy	for	human	cancer.	Science	2015;348:62-8.
16.	 Tran	E,	Robbins	PF,	Lu	YC,	Prickett	TD,	Gartner	JJ,	Jia	L,	Pasetto	A,	Zheng	Z,	Ray	S,	Groh	EM,	Kriley	IR,	Rosenberg	SA.	T-cell	

transfer	therapy	targeting	mutant	KRAS	in	cancer.	N	Engl	J	Med	2016;375:2255-62.
17.	 FDA	approval	brings	 first	 gene	 therapy	 to	 the	United	States.	Available	 from: https://www.fda.gov/NewsEvents/Newsroom/

PressAnnouncements/ucm574058.htm. [Last accessed on 18 Jul 2018]
18.	 FDA	approves	CAR-T	cell	therapy	to	treat	adults	with	certain	types	of	large	B-cell	lymphoma. Available  from: https://www.fda.gov/

NewsEvents/Newsroom/PressAnnouncements/ucm581216.htm?from=timeline&isappinstalled=0. [Last accessed on 18 Jul 2018]
19.	 Tran	E,	Longo	DL,	Urba	WJ.	A	milestone	for	CAR	T	cells.	N	Engl	J	Med	2017;377:2593-6.
20.	 Bhattacharya	N,	Yuan	R,	Prestwood	TR,	Penny	HL,	DiMaio	MA,	Reticker-Flynn	NE,	Krois	CR,	Kenkel	JA,	Pham	TD,	Carmi	Y,	

Tolentino	L,	Choi	O,	Hulett	R,	Wang	J,	Winer	D,	Napoli	JL,	Engleman	EG.	Normalizing	microbiota-induced	retinoic	acid	deficiency	
stimulates	protective	CD8+	T	cell-mediated	immunity	in	colorectal	cancer.	Immunity	2016;45:641-55.

21.	 Governa	V,	Trella	E,	Mele	V,	Tornillo	L,	Amicarella	F,	Cremonesi	E,	Muraro	MG,	Xu	H,	Droeser	R,	Däster	SR,	Bolli	M,	Rosso	R,	
Oertli	D,	Eppenberger-Castori	S,	Terracciano	LM,	Iezzi	G,	Spagnoli	GC.	The	interplay	between	neutrophils	and	CD8+	T	cells	improves	
survival	in	human	colorectal	cancer.	Clin	Cancer	Res	2017;23:3847-58.

22.	 Horikawa	N,	Abiko	K,	Matsumura	N,	Hamanishi	J,	Baba	T,	Yamaguchi	K,	Yoshioka	Y,	Koshiyama	M,	Konishi	I.	Expression	of	vascular	
endothelial growth factor in ovarian cancer inhibits tumor immunity through the accumulation of myeloid-derived suppressor cells. Clin 
Cancer	Res	2017;23:587-99.

23.	 Wang	ZQ,	Milne	K,	Derocher	H,	Webb	JR,	Nelson	BH,	Watson	PH.	CD103	and	intratumoral	immune	response	in	breast	cancer.	Clin	
Cancer	Res	2016;22:6290-7.

24.	 Meng	WS,	Butterfield	LH,	Ribas	A,	Dissette	VB,	Heller	JB,	Miranda	GA,	Glaspy	JA,	McBride	WH,	Economou	JS.	Alpha-fetoprotein-
specific	tumor	immunity	induced	by	plasmid	prime-adenovirus	boost	genetic	vaccination.	Cancer	Res	2001;61:8782-6.

25.	 Butterfield	LH,	Meng	WS,	Koh	A,	Vollmer	CM,	Ribas	A,	Dissette	VB,	Faull	K,	Glaspy	JA,	McBride	WH,	Economou	JS.	T	cell	
responses	to	HLA-A*0201-restricted	peptides	derived	from	human	alpha	fetoprotein.	J	Immunol	2001;166:5300-8.

26.	 Butterfield	LH,	Ribas	A,	Meng	WS,	Dissette	VB,	Amarnani	S,	Vu	HT,	Seja	E,	Todd	K,	Glaspy	JA,	McBride	WH,	Economou	JS.	T-cell	
responses to HLA-A*0201 immunodominant peptides derived from alpha-fetoprotein in patients with hepatocellular cancer. Clin 
Cancer	Res	2003;9:5902-8.

27.	 Butterfield	LH,	Ribas	A,	Dissette	VB,	Lee	Y,	Yang	JQ,	De	la	Rocha	P,	Duran	SD,	Hernandez	J,	Seja	E,	Potter	DM,	McBride	WH,	Finn	R,	
Glaspy	JA,	Economou	JS.	A	phase	I/II	trial	testing	immunization	of	hepatocellular	carcinoma	patients	with	dendritic	cells	pulsed	with	
four	alpha-fetoprotein	peptides.	Clin	Cancer	Res	2006;12:2817-25.

28.	 Thimme	R,	Neagu	M,	Boettler	T,	Neumann-Haefelin	C,	Kersting	N,	Geissler	M,	Makowiec	F,	Obermaier	R,	Hopt	UT,	Blum	HE,	
Spangenberg	HC.	Comprehensive	analysis	of	 the	alpha-fetoprotein-specific	CD8+	T	cell	 responses	 in	patients	with	hepatocellular	
carcinoma.	Hepatology	2008;48:1821-33.

29.	 Nakagawa	H,	Mizukoshi	E,	Kobayashi	E,	Tamai	T,	Hamana	H,	Ozawa	T,	Kishi	H,	Kitahara	M,	Yamashita	T,	Arai	K,	Terashima	T,	Iida	N,	
Fushimi	K,	Muraguchi	A,	Kaneko	S.	Association	between	high-avidity	T-cell	receptors,	induced	by	α-fetoprotein-derived	peptides,	and	
anti-tumor	effects	in	patients	with	hepatocellular	carcinoma.	Gastroenterology	2017;152:1395-406.e10.

30.	 Hong	Y,	Peng	Y,	Guo	ZS,	Guevara-Patino	J,	Pang	J,	Butterfield	LH,	Mivechi	NF,	Munn	DH,	Bartlett	DL,	He	Y.	Epitope-optimized	
alpha-fetoprotein genetic vaccines prevent carcinogen-induced murine autochthonous hepatocellular carcinoma. Hepatology 
2014;59:1448-58.

31.	 Wu	S,	Zhu	W,	Peng	Y,	Wang	L,	Hong	Y,	Huang	L,	Dong	D,	Xie	J,	Merchen	T,	Kruse	E,	Guo	ZS,	Bartlett	D,	Fu	N,	He	Y.	The	antitumor	
effects of vaccine-activated CD8+ T cells associate with weak TCR signaling and induction of stem-like memory T cells. Cancer 

He et al. Hepatoma Res  2018;4:40  I  http://dx.doi.org/10.20517/2394-5079.2018.45                                                    Page 9 of 12



Page 10 of 12                                                   He et al. Hepatoma Res  2018;4:40  I  http://dx.doi.org/10.20517/2394-5079.2018.45

Immunol	Res	2017;5:908-19.
32.	 Zhu	W,	Peng	Y,	Wang	L,	Hong	Y,	Jiang	X,	Li	Q,	Liu	H,	Huang	L,	Wu	J,	Celis	E,	Merchen	T,	Kruse	E,	He	Y.	 Identification	of	

α-fetoprotein-specific	T-cell	receptors	for	hepatocellular	carcinoma	immunotherapy.	Hepatology	2018;	doi:	10.1002/hep.29844.
33.	 Yadav	M,	Jhunjhunwala	S,	Phung	QT,	Lupardus	P,	Tanguay	J,	Bumbaca	S,	Franci	C,	Cheung	TK,	Fritsche	J,	Weinschenk	T,	Modrusan	Z,	

Mellman I, Lill JR, Delamarre L. Predicting immunogenic tumour mutations by combining mass spectrometry and exome sequencing. 
Nature	2014;515:572-6.

34.	 Sabado	RL,	Balan	S,	Bhardwaj	N.	Dendritic	cell-based	immunotherapy.	Cell	Res	2017;27:74-95.
35.	 Sancho	D,	Joffre	OP,	Keller	AM,	Rogers	NC,	Martínez	D,	Hernanz-Falcón	P,	Rosewell	I,	Reis	e	Sousa	C.	Identification	of	a	dendritic	

cell	receptor	that	couples	sensing	of	necrosis	to	immunity.	Nature	2009;458:899-903.
36.	 Cuadros	C,	Dominguez	AL,	Lollini	PL,	Croft	M,	Mittler	RS,	Borgström	P,	Lustgarten	J.	Vaccination	with	dendritic	cells	pulsed	with	

apoptotic	tumors	in	combination	with	anti-OX40	and	anti-4-1BB	monoclonal	antibodies	induces	T	cell-mediated	protective	immunity	in	
Her-2/neu	transgenic	mice.	Int	J	Cancer	2005;116:934-43.

37.	 Gallimore	A,	Godkin	A.	Regulatory	T	cells	and	tumour	immunity	-	observations	in	mice	and	men.	Immunology	2008;123:157-63.
38.	 Palucka	K,	Banchereau	J.	Human	dendritic	cell	subsets	in	vaccination.	Curr	Opin	Immunol	2013;25:396-402.
39.	 Anguille	S,	Smits	EL,	Lion	E,	van	Tendeloo	VF,	Berneman	ZN.	Clinical	use	of	dendritic	cells	 for	cancer	 therapy.	Lancet	Oncol	

2014;15:e257-67.
40.	 Ahmed	MS,	Bae	YS.	Dendritic	cell-based	therapeutic	cancer	vaccines:	past,	present	and	future.	Clin	Exp	Vaccine	Res	2014;3:113-6.
41.	 Anguille	S,	Smits	EL,	Bryant	C,	Van	Acker	HH,	Goossens	H,	Lion	E,	Fromm	PD,	Hart	DN,	Van	Tendeloo	VF,	Berneman	ZN.	Dendritic	

cells	as	pharmacological	tools	for	cancer	immunotherapy.	Pharmacol	Rev	2015;67:731-53.
42.	 Lion	E,	Smits	EL,	Berneman	ZN,	Van	Tendeloo	VF.	NK	cells:	key	to	success	of	DC-based	cancer	vaccines?	Oncologist	2012;17:1256-70.
43.	 Butterfield	LH.	Dendritic	cells	in	cancer	immunotherapy	clinical	trials:	are	we	making	progress?	Front	Immunol	2013;4:454.
44.	 Choi	YJ,	Park	SJ,	Park	YS,	Park	HS,	Yang	KM,	Heo	K.	EpCAM	peptide-primed	dendritic	cell	vaccination	confers	significant	anti-

tumor	immunity	in	hepatocellular	carcinoma	cells.	PLoS	One	2018;13:e0190638.
45.	 Su	H,	Li	B,	Zheng	L,	Wang	H,	Zhang	L.	Immunotherapy	based	on	dendritic	cells	pulsed	with	CTPFoxM1	fusion	protein	protects	

against	the	development	of	hepatocellular	carcinoma.	Oncotarget	2016;7:48401-11.
46.	 Mitchell	DA,	Batich	KA,	Gunn	MD,	Huang	MN,	Sanchez-Perez	L,	Nair	SK,	Congdon	KL,	Reap	EA,	Archer	GE,	Desjardins	A,	

Friedman	AH,	Friedman	HS,	Herndon	JE	2nd,	Coan	A,	McLendon	RE,	Reardon	DA,	Vredenburgh	JJ,	Bigner	DD,	Sampson	JH.	Tetanus	
toxoid	and	CCL3	improve	dendritic	cell	vaccines	in	mice	and	glioblastoma	patients.	Nature	2015;519:366-9.

47.	 Kranz	LM,	Diken	M,	Haas	H,	Kreiter	S,	Loquai	C,	Reuter	KC,	Meng	M,	Fritz	D,	Vascotto	F,	Hefesha	H,	Grunwitz	C,	Vormehr	M,	
Hüsemann	Y,	Selmi	A,	Kuhn	AN,	Buck	J,	Derhovanessian	E,	Rae	R,	Attig	S,	Diekmann	J,	Jabulowsky	RA,	Heesch	S,	Hassel	J,	
Langguth	P,	Grabbe	S,	Huber	C,	Türeci	Ö,	Sahin	U.	Systemic	RNA	delivery	to	dendritic	cells	exploits	antiviral	defence	for	cancer	
immunotherapy.	Nature	2016;534:396-401.

48.	 Lu	Z,	Zuo	B,	 Jing	R,	Gao	X,	Rao	Q,	Liu	Z,	Qi	H,	Guo	H,	Yin	H.	Dendritic	cell-derived	exosomes	elicit	 tumor	 regression	 in	
autochthonous	hepatocellular	carcinoma	mouse	models.	J	Hepatol	2017;67:739-48.

49.	 Dannull	J,	Haley	NR,	Archer	G,	Nair	S,	Boczkowski	D,	Harper	M,	De	Rosa	N,	Pickett	N,	Mosca	PJ,	Burchette	J,	Selim	MA,	Mitchell	
DA,	Sampson	J,	Tyler	DS,	Pruitt	SK.	Melanoma	immunotherapy	using	mature	DCs	expressing	the	constitutive	proteasome.	J	Clin	
Invest	2013;123:3135-45.

50.	 Lee	JM,	Lee	MH,	Garon	E,	Goldman	JW,	Salehi-Rad	R,	Baratelli	FE,	Schaue	D,	Wang	G,	Rosen	F,	Yanagawa	J,	Walser	TC,	Lin	Y,	Park	
SJ,	Adams	S,	Marincola	FM,	Tumeh	PC,	Abtin	F,	Suh	R,	Reckamp	KL,	Lee	G,	Wallace	WD,	Lee	S,	Zeng	G,	Elashoff	DA,	Sharma	S,	
Dubinett	SM.	Phase	I	trial	of	intratumoral	injection	of	CCL21	gene	modified	dendritic	cells	in	lung	cancer	elicits	tumor-specific	immune	
responses	and	CD8+	T-cell	infiltration.	Clin	Cancer	Res	2017;23:4556-68.

51.	 Sfanos	KS,	Bruno	TC,	Meeker	AK,	De	Marzo	AM,	Isaacs	WB,	Drake	CG.	Human	prostate-infiltrating	CD8+	T	lymphocytes	are	
oligoclonal	and	PD-1+.	Prostate	2009;69:1694-703.

52.	 Matsuzaki	J,	Gnjatic	S,	Mhawech-Fauceglia	P,	Beck	A,	Miller	A,	Tsuji	T,	Eppolito	C,	Qian	F,	Lele	S,	Shrikant	P,	Old	LJ,	Odunsi	K.	
Tumor-infiltrating	NY-ESO-1-specific	CD8+	T	cells	are	negatively	regulated	by	LAG-3	and	PD-1	in	human	ovarian	cancer.	Proc	Natl	
Acad	Sci	U	S	A	2010;107:7875-80.

53.	 Fourcade	J,	Sun	Z,	Benallaoua	M,	Guillaume	P,	Luescher	 IF,	Sander	C,	Kirkwood	JM,	Kuchroo	V,	Zarour	HM.	Upregulation	of	
Tim-3	and	PD-1	expression	 is	associated	with	 tumor	antigen-specific	CD8+	T	cell	dysfunction	 in	melanoma	patients.	J	Exp	Med	
2010;207:2175-86.

54.	 Paulos	CM,	June	CH.	Putting	the	brakes	on	BTLA	in	T	cell-mediated	cancer	immunotherapy.	J	Clin	Invest	2010;120:76-80.
55.	 Cai	G,	Freeman	GJ.	The	CD160,	BTLA,	LIGHT/HVEM	pathway:	a	bidirectional	switch	regulating	T-cell	activation.	Immunol	Rev	

2009;229:244-58.
56.	 Chambers	CA,	Kuhns	MS,	Egen	JG,	Allison	JP.	CTLA-4-mediated	 inhibition	 in	 regulation	of	T	cell	 responses:	mechanisms	and	

manipulation	in	tumor	immunotherapy.	Annu	Rev	Immunol	2001;19:565-94.
57.	 Callahan	MK,	Wolchok	JD,	Allison	JP.	Anti-CTLA-4	antibody	therapy:	immune	monitoring	during	clinical	development	of	a	novel	

immunotherapy.	Semin	Oncol	2010;37:473-84.
58.	 Wolchok	JD,	Hodi	FS,	Weber	JS,	Allison	JP,	Urba	WJ,	Robert	C,	O’Day	SJ,	Hoos	A,	Humphrey	R,	Berman	DM,	Lonberg	N,	Korman	

AJ.	Development	of	ipilimumab:	a	novel	immunotherapeutic	approach	for	the	treatment	of	advanced	melanoma.	Ann	N	Y	Acad	Sci	
2013;1291:1-13.

59.	 Sangro	B,	Gomez-Martin	C,	de	 la	Mata	M,	Iñarrairaegui	M,	Garralda	E,	Barrera	P,	Riezu-Boj	JI,	Larrea	E,	Alfaro	C,	Sarobe	P,	



He et al. Hepatoma Res  2018;4:40  I  http://dx.doi.org/10.20517/2394-5079.2018.45                                                  Page 11 of 12

Lasarte	JJ,	Pérez-Gracia	JL,	Melero	I,	Prieto	J.	A	clinical	trial	of	CTLA-4	blockade	with	tremelimumab	in	patients	with	hepatocellular	
carcinoma	and	chronic	hepatitis	C.	J	Hepatol	2013;59:81-8.

60.	 Duffy	AG,	Ulahannan	SV,	Makorova-Rusher	O,	Rahma	O,	Wedemeyer	H,	Pratt	D,	Davis	JL,	Hughes	MS,	Heller	T,	ElGindi	M,	Uppala	
A,	Korangy	F,	Kleiner	DE,	Figg	WD,	Venzon	D,	Steinberg	SM,	Venkatesan	AM,	Krishnasamy	V,	Abi-Jaoudeh	N,	Levy	E,	Wood	BJ,	
Greten	TF.	Tremelimumab	in	combination	with	ablation	in	patients	with	advanced	hepatocellular	carcinoma.	J	Hepatol	2017;66:545-51.

61.	 Dong	H,	Zhu	G,	Tamada	K,	Chen	L.	B7-H1,	a	third	member	of	the	B7	family,	co-stimulates	T-cell	proliferation	and	interleukin-10	
secretion.	Nat	Med	1999;5:1365-9.

62.	 Latchman	Y,	Wood	CR,	Chernova	T,	Chaudhary	D,	Borde	M,	Chernova	I,	 Iwai	Y,	Long	AJ,	Brown	JA,	Nunes	R,	Greenfield	EA,	
Bourque	K,	Boussiotis	VA,	Carter	LL,	Carreno	BM,	Malenkovich	N,	Nishimura	H,	Okazaki	T,	Honjo	T,	Sharpe	AH,	Freeman	GJ.	PD-
L2	is	a	second	ligand	for	PD-1	and	inhibits	T	cell	activation.	Nat	Immunol	2001;2:261-8.

63.	 Keir	ME,	Liang	SC,	Guleria	I,	Latchman	YE,	Qipo	A,	Albacker	LA,	Koulmanda	M,	Freeman	GJ,	Sayegh	MH,	Sharpe	AH.	Tissue	
expression	of	PD-L1	mediates	peripheral	T	cell	tolerance.	J	Exp	Med	2006;203:883-95.

64.	 Baumeister	SH,	Freeman	GJ,	Dranoff	G,	Sharpe	AH.	Coinhibitory	pathways	 in	 immunotherapy	for	cancer.	Annu	Rev	Immunol	
2016;34:539-73.	

65.	 Butte	MJ,	Keir	ME,	Phamduy	TB,	Sharpe	AH,	Freeman	GJ.	Programmed	death-1	 ligand	1	 interacts	specifically	with	 the	B7-1	
costimulatory	molecule	to	inhibit	T	cell	responses.	Immunity	2007;27:111-22.

66.	 Topalian	SL,	Taube	JM,	Anders	RA,	Pardoll	DM.	Mechanism-driven	biomarkers	 to	guide	 immune	checkpoint	blockade	in	cancer	
therapy.	Nat	Rev	Cancer	2016;16:275-87.

67.	 Zhou	G,	Sprengers	D,	Boor	PPC,	Doukas	M,	Schutz	H,	Mancham	S,	Pedroza-Gonzalez	A,	Polak	WG,	de	Jonge	J,	Gaspersz	M,	Dong	H,	
Thielemans	K,	Pan	Q,	IJzermans	JNM,	Bruno	MJ,	Kwekkeboom	J.	Antibodies	against	immune	checkpoint	molecules	restore	functions	
of	tumor-infiltrating	T	cells	in	hepatocellular	carcinomas.	Gastroenterology	2017;153:1107-19.e10.

68.	 Chang	CH,	Qiu	J,	O’Sullivan	D,	Buck	MD,	Noguchi	T,	Curtis	JD,	Chen	Q,	Gindin	M,	Gubin	MM,	van	der	Windt	GJ,	Tonc	E,	Schreiber	
RD,	Pearce	EJ,	Pearce	EL.	Metabolic	competition	in	the	tumor	microenvironment	is	a	driver	of	cancer	progression.	Cell	2015;162:1229-41.

69.	 El-Khoueiry	AB,	Sangro	B,	Yau	T,	Crocenzi	TS,	Kudo	M,	Hsu	C,	Kim	TY,	Choo	SP,	Trojan	J,	Welling	TH	Rd,	Meyer	T,	Kang	YK,	
Yeo	W,	Chopra	A,	Anderson	J,	Dela	Cruz	C,	Lang	L,	Neely	J,	Tang	H,	Dastani	HB,	Melero	I.	Nivolumab	in	patients	with	advanced	
hepatocellular	carcinoma	(CheckMate	040):	an	open-label,	non-comparative,	phase	1/2	dose	escalation	and	expansion	trial.	Lancet	
2017;389:2492-502.

70.	 Liu	CQ,	Xu	J,	Zhou	ZG,	Jin	LL,	Yu	XJ,	Xiao	G,	Lin	J,	Zhuang	SM,	Zhang	YJ,	Zheng	L.	Expression	patterns	of	programmed	death	
ligand	1	correlate	with	different	microenvironments	and	patient	prognosis	in	hepatocellular	carcinoma.	Br	J	Cancer	2018;	doi:	10.1038/
s41416-018-0144-4.	

71.	 Jung	HI,	Jeong	D,	Ji	S,	Ahn	TS,	Bae	SH,	Chin	S,	Chung	JC,	Kim	HC,	Lee	MS,	Baek	MJ.	Overexpression	of	PD-L1	and	PD-L2	is	
associated	with	poor	prognosis	in	patients	with	hepatocellular	carcinoma.	Cancer	Res	Treat	2017;49:246-54.

72.	 Restifo	NP,	Dudley	ME,	Rosenberg	SA.	Adoptive	 immunotherapy	for	cancer:	harnessing	 the	T	cell	 response.	Nat	Rev	Immunol	
2012;12:269-81.

73.	 Lefterova	P,	Märten	A,	Buttgereit	P,	Weineck	S,	Scheffold	C,	Huhn	D,	Schmidt-Wolf	IG.	Targeting	of	natural	killer-like	T	immunologic	
effector	cells	against	leukemia	and	lymphoma	cells	by	reverse	antibody-dependent	cellular	cytotoxicity.	J	Immunother	2000;23:304-10.

74.	 Pievani	A,	Borleri	G,	Pende	D,	Moretta	L,	Rambaldi	A,	Golay	J,	Introna	M.	Dual-functional	capability	of	CD3+CD56+	CIK	cells,	a	T-cell	
subset	that	acquires	NK	function	and	retains	TCR-mediated	specific	cytotoxicity.	Blood	2011;118:3301-10.

75.	 Lee	JH,	Lee	JH,	Lim	YS,	Yeon	JE,	Song	TJ,	Yu	SJ,	Gwak	GY,	Kim	KM,	Kim	YJ,	Lee	JW,	Yoon	JH.	Adjuvant	immunotherapy	with	
autologous	cytokine-induced	killer	cells	for	hepatocellular	carcinoma.	Gastroenterology	2015;148:1383-91.e6.

76.	 Chen	CL,	Pan	QZ,	Zhao	JJ,	Wang	Y,	Li	YQ,	Wang	QJ,	Pan	K,	Weng	DS,	Jiang	SS,	Tang	Y,	Zhang	XF,	Zhang	HX,	Zhou	ZQ,	Zeng	YX,	
Xia	JC.	PD-L1	expression	as	a	predictive	biomarker	for	cytokine-induced	killer	cell	 immunotherapy	in	patients	with	hepatocellular	
carcinoma.	Oncoimmunology	2016;5:e1176653.

77.	 Xu	L,	Wang	J,	Kim	Y,	Shuang	ZY,	Zhang	YJ,	Lao	XM,	Li	YQ,	Chen	MS,	Pawlik	TM,	Xia	JC,	Li	SP,	Lau	WY.	A	randomized	controlled	
trial	on	patients	with	or	without	adjuvant	autologous	cytokine-induced	killer	cells	after	curative	resection	for	hepatocellular	carcinoma.	
Oncoimmunology	2015;5:e1083671.

78.	 Park	JH,	Rivière	I,	Gonen	M,	Wang	X,	Sénéchal	B,	Curran	KJ,	Sauter	C,	Wang	Y,	Santomasso	B,	Mead	E,	Roshal	M,	Maslak	P,	Davila	M,	
Brentjens	RJ,	Sadelain	M.	Long-term	follow-up	of	CD19	CAR	therapy	in	acute	lymphoblastic	leukemia.	N	Engl	J	Med	2018;378:449-59.

79.	 Maude	SL,	Laetsch	TW,	Buechner	J,	Rives	S,	Boyer	M,	Bittencourt	H,	Bader	P,	Verneris	MR,	Stefanski	HE,	Myers	GD,	Qayed	M,	De	
Moerloose	B,	Hiramatsu	H,	Schlis	K,	Davis	KL,	Martin	PL,	Nemecek	ER,	Yanik	GA,	Peters	C,	Baruchel	A,	Boissel	N,	Mechinaud	
F,	Balduzzi	A,	Krueger	J,	June	CH,	Levine	BL,	Wood	P,	Taran	T,	Leung	M,	Mueller	KT,	Zhang	Y,	Sen	K,	Lebwohl	D,	Pulsipher	MA,	
Grupp	SA.	Tisagenlecleucel	in	children	and	young	adults	with	B-cell	lymphoblastic	leukemia.	N	Engl	J	Med	2018;378:439-48.

80.	 Brown	CE,	Alizadeh	D,	Starr	R,	Weng	L,	Wagner	JR,	Naranjo	A,	Ostberg	JR,	Blanchard	MS,	Kilpatrick	J,	Simpson	J,	Kurien	A,	
Priceman	SJ,	Wang	X,	Harshbarger	TL,	D’Apuzzo	M,	Ressler	JA,	Jensen	MC,	Barish	ME,	Chen	M,	Portnow	J,	Forman	SJ,	Badie	B.	
Regression	of	glioblastoma	after	chimeric	antigen	receptor	T-cell	therapy.	N	Engl	J	Med	2016;375:2561-9.

81.	 Tanoue	K,	Rosewell	Shaw	A,	Watanabe	N,	Porter	C,	Rana	B,	Gottschalk	S,	Brenner	M,	Suzuki	M.	Armed	oncolytic	adenovirus	
expressing PD-L1 mini-body enhances anti-tumor effects of chimeric antigen receptor T cells in solid tumors. Cancer Res 
2017;77:2040-51.

82.	 Ahmed	N,	Brawley	VS,	Hegde	M,	Robertson	C,	Ghazi	A,	Gerken	C,	Liu	E,	Dakhova	O,	Ashoori	A,	Corder	A,	Gray	T,	Wu	MF,	Liu	
H,	Hicks	J,	Rainusso	N,	Dotti	G,	Mei	Z,	Grilley	B,	Gee	A,	Rooney	CM,	Brenner	MK,	Heslop	HE,	Wels	WS,	Wang	LL,	Anderson	



Page 12 of 12                                                   He et al. Hepatoma Res  2018;4:40  I  http://dx.doi.org/10.20517/2394-5079.2018.45

P,	Gottschalk	S.	Human	epidermal	growth	factor	 receptor	2	 (HER2)	-specific	chimeric	antigen	receptor-modified	T	cells	 for	 the	
immunotherapy	of	HER2-positive	sarcoma.	J	Clin	Oncol	2015;33:1688-96.

83.	 Fesnak	AD,	June	CH,	Levine	BL.	Engineered	T	cells:	 the	promise	and	challenges	of	cancer	 immunotherapy.	Nat	Rev	Cancer	
2016;16:566-81.

84.	 Morgan	RA,	Dudley	ME,	Wunderlich	JR,	Hughes	MS,	Yang	JC,	Sherry	RM,	Royal	RE,	Topalian	SL,	Kammula	US,	Restifo	NP,	Zheng	
Z,	Nahvi	A,	de	Vries	CR,	Rogers-Freezer	LJ,	Mavroukakis	SA,	Rosenberg	SA.	Cancer	regression	in	patients	after	transfer	of	genetically	
engineered	lymphocytes.	Science	2006;314:126-9.

85.	 Johnson	LA,	Morgan	RA,	Dudley	ME,	Cassard	L,	Yang	JC,	Hughes	MS,	Kammula	US,	Royal	RE,	Sherry	RM,	Wunderlich	JR,	Lee	CC,	
Restifo	NP,	Schwarz	SL,	Cogdill	AP,	Bishop	RJ,	Kim	H,	Brewer	CC,	Rudy	SF,	VanWaes	C,	Davis	JL,	Mathur	A,	Ripley	RT,	Nathan	
DA,	Laurencot	CM,	Rosenberg	SA.	Gene	therapy	with	human	and	mouse	T-cell	receptors	mediates	cancer	regression	and	targets	normal	
tissues	expressing	cognate	antigen.	Blood	2009;114:535-46.

86.	 Palmer	DC,	Chan	CC,	Gattinoni	L,	Wrzesinski	C,	Paulos	CM,	Hinrichs	CS,	Powell	DJ	Jr,	Klebanoff	CA,	Finkelstein	SE,	Fariss	RN,	Yu	
Z,	Nussenblatt	RB,	Rosenberg	SA,	Restifo	NP.	Effective	tumor	treatment	targeting	a	melanoma/melanocyte-associated	antigen	triggers	
severe	ocular	autoimmunity.	Proc	Natl	Acad	Sci	U	S	A	2008;105:8061-6.

87.	 Dargel	C,	Bassani-Sternberg	M,	Hasreiter	J,	Zani	F,	Bockmann	JH,	Thiele	F,	Bohne	F,	Wisskirchen	K,	Wilde	S,	Sprinzl	MF,	Schendel	
DJ,	Krackhardt	AM,	Uckert	W,	Wohlleber	D,	Schiemann	M,	Stemmer	K,	Heikenwälder	M,	Busch	DH,	Richter	G,	Mann	M,	Protzer	
U.	T	cells	engineered	to	express	a	T	cell	receptor	specific	for	Glypican-3	to	recognize	and	kill	hepatoma	cells	 in	vitro	and	in	mice.	
Gastroenterology	2015;149:1042-52.

88.	 Qasim	W,	Brunetto	M,	Gehring	AJ,	Xue	SA,	Schurich	A,	Khakpoor	A,	Zhan	H,	Ciccorossi	P,	Gilmour	K,	Cavallone	D,	Moriconi	
F,	Farzhenah	F,	Mazzoni	A,	Chan	L,	Morris	E,	Thrasher	A,	Maini	MK,	Bonino	F,	Stauss	H,	Bertoletti	A.	Immunotherapy	of	HCC	
metastases	with	autologous	T	cell	receptor	redirected	T	cells,	targeting	HBsAg	in	a	liver	transplant	patient.	J	Hepatol	2015;62:486-91.

89.	 Kageyama	S,	Ikeda	H,	Miyahara	Y,	Imai	N,	Ishihara	M,	Saito	K,	Sugino	S,	Ueda	S,	Ishikawa	T,	Kokura	S,	Naota	H,	Ohishi	K,	Shiraishi	
T,	Inoue	N,	Tanabe	M,	Kidokoro	T,	Yoshioka	H,	Tomura	D,	Nukaya	I,	Mineno	J,	Takesako	K,	Katayama	N,	Shiku	H.	Adoptive	transfer	of	
MAGE-A4	T-cell	receptor	gene-transduced	lymphocytes	in	patients	with	recurrent	esophageal	cancer.	Clin	Cancer	Res	2015;21:2268-77.

90.	 Rapoport	AP,	Stadtmauer	EA,	Binder-Scholl	GK,	Goloubeva	O,	Vogl	DT,	Lacey	SF,	Badros	AZ,	Garfall	A,	Weiss	B,	Finklestein	J,	
Kulikovskaya	I,	Sinha	SK,	Kronsberg	S,	Gupta	M,	Bond	S,	Melchiori	L,	Brewer	JE,	Bennett	AD,	Gerry	AB,	Pumphrey	NJ,	Williams	D,	
Tayton-Martin	HK,	Ribeiro	L,	Holdich	T,	Yanovich	S,	Hardy	N,	Yared	J,	Kerr	N,	Philip	S,	Westphal	S,	Siegel	DL,	Levine	BL,	Jakobsen	
BK,	Kalos	M,	June	CH.	NY-ESO-1-specific	TCR-engineered	T	cells	mediate	sustained	antigen-specific	antitumor	effects	in	myeloma.	
Nat	Med	2015;21:914-21.

91.	 Chodon	T,	Comin-Anduix	B,	Chmielowski	B,	Koya	RC,	Wu	Z,	Auerbach	M,	Ng	C,	Avramis	E,	Seja	E,	Villanueva	A,	McCannel	TA,	
Ishiyama	A,	Czernin	J,	Radu	CG,	Wang	X,	Gjertson	DW,	Cochran	AJ,	Cornetta	K,	Wong	DJ,	Kaplan-Lefko	P,	Hamid	O,	Samlowski	
W,	Cohen	PA,	Daniels	GA,	Mukherji	B,	Yang	L,	Zack	JA,	Kohn	DB,	Heath	JR,	Glaspy	JA,	Witte	ON,	Baltimore	D,	Economou	JS,	
Ribas A. Adoptive transfer of MART-1 T-cell receptor transgenic lymphocytes and dendritic cell vaccination in patients with metastatic 
melanoma.	Clin	Cancer	Res	2014;20:2457-65.

92.	 Kingwell	K.	CAR	T	therapies	drive	into	new	terrain.	Nat	Rev	Drug	Discov	2017;16:301-4.
93.	 Gao	H,	Li	K,	Tu	H,	Pan	X,	Jiang	H,	Shi	B,	Kong	J,	Wang	H,	Yang	S,	Gu	J,	Li	Z.	Development	of	T	cells	redirected	to	glypican-3	for	the	

treatment	of	hepatocellular	carcinoma.	Clin	Cancer	Res	2014;20:6418-28.
94.	 Yu	M,	Luo	H,	Fan	M,	Wu	X,	Shi	B,	Di	S,	Liu	Y,	Pan	Z,	Jiang	H,	Li	Z.	Development	of	GPC3-specific	chimeric	antigen	receptor-

engineered	natural	killer	cells	for	the	treatment	of	hepatocellular	carcinoma.	Mol	Ther	2018;26:366-78.
95.	 Liu	H,	Xu	Y,	Xiang	J,	Long	L,	Green	S,	Yang	Z,	Zimdahl	B,	Lu	J,	Cheng	N,	Horan	LH,	Liu	B,	Yan	S,	Wang	P,	Diaz	J,	Jin	L,	Nakano	Y,	

Morales	JF,	Zhang	P,	Liu	LX,	Staley	BK,	Priceman	SJ,	Brown	CE,	Forman	SJ,	Chan	VW,	Liu	C.	Targeting	alpha-fetoprotein	(AFP)-MHC	
complex	with	CAR	T-cell	therapy	for	liver	cancer.	Clin	Cancer	Res	2017;23:478-88.

96.	 Wang	Y,	Chen	M,	Wu	Z,	Tong	C,	Dai	H,	Guo	Y,	Liu	Y,	Huang	J,	Lv	H,	Luo	C,	Feng	KC,	Yang	QM,	Li	XL,	Han	W.	CD133-directed	
CAR	T	cells	for	advanced	metastasis	malignancies:	a	phase	I	trial.	Oncoimmunology	2018;7:e1440169.


