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Abstract

Hepatitis B virus (HBV) infection plays an important role in the occurrence and
development of hepatocellular carcinoma (HCC), and the rate of HBV infection in
liver cancer patients in China is as high as 92.05%. Due to long-term exposure to
chronic antigens from the gut, the liver needs to maintain a certain level of
immune tolerance, both to avoid severe inflammation caused by non-pathogenic
antigens and to maintain the possibility of rapid and violent responses to infection
and tumors. Therefore, HBV infection interacts with the tumor microenvironment
(TME) through a highly complex and intertwined signaling pathway, which
results in a special TME in HCC. Due to changes in the TME, tumor cells can
evade immune surveillance by inhibiting tumor-specific T cell function through
cytotoxic T-lymphocy-associated protein-4 (CTLA-4) and programmed cell death
1 (PD-1)/programmed cell death ligand 1 (PD-L1). Interferons, as a class of
immune factors with strong biological activity, can improve the TME of HBV-
HCC through various pathways. In recent years, the systematic treatment of HCC
has gradually come out of the dilemma. In addition to the continuous emergence
of new multi-target anti-vascular tyrosine kinase inhibitor drugs, immune
checkpoint inhibitors have opened up a new avenue for the systematic treatment
of HCC. At present, immunotherapy based on PD-1/L1 inhibitors has gradually
become a new direction of systematic treatment for HCC, and the disease charac-
teristics of patients included in global clinical studies are different from those of
Chinese patients. Therefore, whether a group of HCC patients with HBV
background and poor prognosis in China can also benefit from immunotherapy is
an issue of wide concern. This review aims to elucidate the advances of immuno-
therapy for HBV related HCC patients with regard to: (1) Immunotherapy based
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on interferons; (2) Immunotherapy based on PD-1/L1 inhibitors; (3) Inmunotherapy based on CTLA4 inhibitors;
(4) Adoptive cell transfer; (5) Combination immunotherapy strategy; and (6) Shortcomings of immunotherapy.

Key Words: Hepatitis B virus; Hepatocellular carcinoma; Immune checkpoint inhibitors; Peginterferon alpha; Systematic
treatment
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Core Tip: Hepatitis B virus (HBV) infection interacts with the tumor microenvironment (TME) through a highly complex and
intertwined signaling pathway, which results in a special TME in hepatocellular carcinoma (HCC). Due to changes in the
TME, tumor cells can evade immune surveillance by inhibiting tumor-specific T cell function through CTLA-4 and
programmed cell death 1 (PD-1)/PD ligand 1. Interferons, as a class of immune factors with strong biological activity, can
improve the TME of HBV-HCC through various pathways. Currently, the systematic treatment of HCC has gradually come
out of the dilemma. In addition to the continuous emergence of new multi-target anti-vascular tyrosine kinase inhibitor
drugs, immune checkpoint inhibitors have opened up a new avenue for the systematic treatment of HCC. Since the disease
characteristics of patients included in global clinical studies are different from those of Chinese patients, whether a group of
HCC patients with HBV background and poor prognosis in China can also benefit from immunotherapy is an issue of wide
concern.
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INTRODUCTION

Hepatitis B virus (HBV) infection plays an important role in the occurrence and development of hepatocellular carcinoma
(HCC)[1-5]. The 2020 Global Cancer Report showed that 45.3% of global cases of liver cancer occurred in China. Unlike
the alcoholic liver disease background in Europe and America and the hepatitis C background in Japan, HBV infection is
the major etiology of liver cancer in Chinese patients, with an infection rate as high as 92.05%[6]. Due to long-term
exposure to chronic antigens from the intestine, the liver needs to maintain a certain level of immune tolerance, avoiding
severe inflammation caused by non pathogenic antigens while maintaining the possibility of rapid and intense reactions
to infections and tumors. Therefore, HBV infection interacts with the tumor microenvironment (TME) through a highly
complex and intertwined signaling pathway, which results in a special TME in HCC[7-9]. The occurrence and
development of HBV related HCC are related to chronic inflammation, which leads to immunosuppression and forms an
HCC immunosuppressive microenvironment in which multiple immune molecules and immune cells participate[10,11].
Due to changes in the TME, tumor cells can evade immune surveillance by inhibiting tumor specific T cell function
through cytotoxic T-lymphocy-associated protein-4 (CTLA-4) and programmed cell death 1 (PD-1)/programmed cell
death ligand-1 (PD-L1)[12,13].

In recent years, the systematic treatment of liver cancer has gradually emerged from difficulties (Figure 1). In addition
to the emergence of new multi-target anti vascular tyrosine kinase inhibitor (TKI) drugs, immune checkpoint inhibitors
(ICIs) have opened up new prospects for the systematic treatment of liver cancer. At present, drug therapy based on PD-
1/L1 inhibitors has gradually become a new direction for systemic treatment of liver cancer. However, the disease charac-
teristics are different between the patient population included in global clinical studies and Chinese patients. It is of wide
concern whether a group of liver cancer patients with HBV background and poor prognosis in China can also benefit
from immunotherapy.

This paper reviews the progress of immunotherapy for HBV-related HCC patients, hoping to provide new ideas for
clinical diagnosis and treatment of these patients.

IMMUNOTHERAPY BASED ON INTERFERONS

During chronic HBV infection, circulating HBV or HBV derived antigens promote T cell depletion[14], and most HCCs
evolve in this chronic immunosuppressive necroinflammatory environment[15]. The unique TME of HCC encourages the
use of immune anti-tumor drugs, among which nivolumab and pembrolizumab are the first to show potential[16].
However, the objective response rate (ORR) of patients with advanced HCC (aHCC) to ICI monotherapy is 15% to 20%,
and most of them do not have significant overall survival (OS) benefits. In addition, approximately 30% of HCC cases
exhibit primary resistance to ICIs. In the absence of predictive biomarkers to identify patients who may benefit from
immunotherapy, exploring combination therapy strategies is well-reasoned[17]. There are mainly two such strategies:
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Figure 1 The treatment methods for liver cancer are constantly advancing, evolving from surgery to systematic treatment[85-88]. HCC:
Hepatocellular carcinoma; TACE: Transartical chemoembolization.

Inhibiting additional checkpoint molecules that provide inhibitory signals or stimulating checkpoint molecules that
provide stimulus signals for further stimulating T cell activation, and using drugs can alter the TME to make it less hostile
to cytotoxic T cells or more conducive to antigen cross presentation to T cells[17].

Interferons (IFNs) are a class of immune factors with strong biological activity that can improve the TME of HBV-HCC
through various pathways. First, IFNs are a type of core anti-HBV drug that can induce viral serological transformation
and reduce HBsAg levels or even eliminate this antigen. High levels of HBV DNA and HBsAg are high-risk factors for
HCC recurrence[18,19]. Second, IFNs inhibit the proliferation of HBV-HCC cells and induces their apoptosis by
interfering with the cyclin (G1) of cell clones to block the cell cycle[20-22]. Third, IFNs can regulate various immune cells,
including natural killer (NK) cells, dendritic cells (DCs), myeloid derived suppressive cells (MDSCs), B cells, CD4* T cells,
CD8" T cells, macrophages, etc., enhancing the antigen presentation process, amplifying the specific anti-tumor effect of T
cells, and enhancing their killing effect on tumor cells[23,24]. Fourth, IFNs can inhibit the expression of VEGF and MAPK,
thereby inhibiting the angiogenesis pathway[25,26]. In summary, IFNs reshape immune surveillance and the TME
through various mechanisms such as antiviral action, activation of positive immunity, inhibition of tumor cell prolif-
eration, and inhibition of angiogenesis, and have unique application value in HBV-HCC.

The application of IFNs in postoperative adjuvant therapy for HBV-HCC has been widely recognized. In the Chinese
Guidelines for the Diagnosis and Treatment of Primary Liver Cancer (2022 edition) and the Chinese Expert Consensus on
Postoperative Adjuvant Therapy for Liver Cancer (2023 edition), IFNs are recommended as a postoperative adjuvant
therapy, with a high level of evidence[27,28]. In a randomized controlled study conducted in China, which included
HBV-HCC patients (n = 236) to explore the adjuvant value of IFNs after surgery[29], IFNs significantly improved patient
OS compared to the untreated group (63.8 mo vs 38.8 mo, P = 0.0003). In a randomized controlled study conducted by
Korean scholars on HBV-HCC patients at high risk of postoperative recurrence (n = 93)[30], the IFN treated group
showed a significant improvement in 2-year OS (100% vs 87%; P < 0.05). In addition, similar conclusions were also
obtained in multiple meta-analyses[31-33]. The treatment of HCC using IFNs has been widely reported, and multiple
studies have shown that IFNs can be used for immunotherapy of HCC through various mechanisms[34-36]. In the era
that immunotherapy dominates HCC treatment, IFNs as an adjuvant therapy for HBV-HCC after surgery may be further
optimized, e.g., the selection of dominant groups or the exploration of combination therapy with ICIs or other targeted
drugs.

The application of IFNs combined with ICIs in the treatment of unresectable HBV-HCC is showing signs of dawn. In
order to further improve the efficacy of ICIs and overcome primary drug resistance, various immunotherapy combin-
ations have been developed, mainly including ICIs combined with bevacizumab, ICIs combined with TKIs, and a
combination of two types of ICIs[17]. However, combining ICIs with IFNs has similar mechanisms. In a study published
in Cancer Discovery[37], unresectable HCC patients (87% HBYV related) received a combination therapy of an IFN and PD-1
antibody, with an ORR of 40.0% and disease control rate of 80.0%. In a mouse model, researchers found that the
combination therapy significantly prolonged OS and completely eliminated lung metastases. Further mechanistic
exploration suggested that the IFN inhibits glucose metabolism in tumor cells and increases T cell glycolysis, thereby
promoting PD-1 antibody induced immune response, enhancing T cell immune killing ability, and producinga1+1> 2
effect. Numata ef al[38] have indicated that the mechanism of resistance of HCC cells to immunotherapy is affected by
IFN-y[38].

Another study published in Cellular & Molecular Immunology[39] explored the effects of IFN-a on tumor infiltrating
immune cells and PD-1 expression in the HCC immune microenvironment, as well as the mechanism of IFN-a combined
with PD-1 antibody in vivo: IFN-a recruits cytotoxic CD8" T cells to infiltrate the TME by inducing liver cancer cells to
secrete CCL4, and upregulates the expression of PD-1 on CD8* T cells through the IFN a-IFNAR1-JAK1-STAT3 pathway.
However, long-term use of IFNs can easily lead to the depletion of CD8"* T cells. Therefore, IFNs combined with PD-1
antibody can restore or even enhance the cell count of CD8" T cells. That is, they have a synergistic anti-tumor effect.
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Figure 2 Mechanisms of programmed cell death 1/programmed cell death ligand 1 axis in hepatocellular carcinoma. HCC: Hepatocellular
carcinoma; TCR: T cell receptor; PD-1: Programmed cell death 1; PD-L1: Programmed cell death ligand 1; MDSC: Myeloid derived suppressive cell.

IMMUNOTHERAPY BASED ON PD-1/L1 INHIBITORS

PD-1/PD-L1 inhibitors are believed to be effective in activating the existing immune response for HCC[40]. PD-1, as an
immune checkpoint molecule, is a member of the CD28 family and is expressed on multiple immune cells, including
activated T cells, B cells, NK cells, and DCs. PD-1 is a common immunosuppressive factor on the surface of T cells, which
represses T cell receptor (TCR) stimulation signals, and plays a vital role in downregulating immune system function and
promoting tolerance. PD-L1 is overexpressed on the surface of malignant tumor cells and binds to PD-1, inhibiting T cell
proliferation and activation, resulting in T cell inactivation and inducing immune escape, and ultimately leading to the
failure of treatment[41].

PD-1 can also inhibit T cell function by augmenting the expression of transcription factors and antagonizing the
transcription effector, thereby affecting the activation, lifespan, and proliferation of T cells, leading to a decrease of tumor
necrosis factor (TNF), interleukin-2 (IL-2), and other cytokines, and assisting tumor cells in evading immune responses
[42]. According to reports, PD-1/PD-L1 is expressed in regulatory T cells (Tregs), and PD-L1 induces differentiation,
maintenance, and function of induced Tregs by augmenting Foxp3 expression, which intensifies the inhibition and
extinction of TME immune status[43]. After PD-1 is activated, SHP-2 is recruited to PD-1, causing the dephosphorylation
of BCR pathway molecules, thereby inhibiting PI3K, ERK, and other pathways, and B cell growth in B cells[44].
Reportedly, PD-1 overexpression in B cells can induce T cell dysfunction via an IL-10 dependent pathway, resulting in the
progression of tumors[45]. In addition, in vitro, PD-1+ B cells can inhibit the expansion of T cells and reduce their survival
ability[46]. In MDSCs, the specific microenvironment induces the expression of PD-L1[47], which by binding to PD-1 on T
cells, suppresses the activation of T cells. Additionally, the PI3K/ AKT/NF-«B pathway in B cells can be activated by
MDSCs via the PD-1/PD-L1 axis[48]. Reportedly, PD-L1 is preferentially expressed on macrophages rather than cancer
cells[49]. Targeting macrophages expressing PD-L1 in HCC can serve as a strategy to improve the efficacy of immuno-
therapy. Consequently, the PD-1/PD-L1 axis plays a vital role in the immunosuppressive microenvironment of HCC

Figure 2).

( gince 2)017, PD-1 inhibitors, as second-line therapies, have been recommended for the treatment of aHCC. CheckMate
040 has shown that PD-1 inhibitors can achieve a 20% ORR in aHCC[50]. The phase III randomized controlled trial
CheckMate 459 for first-line therapy have suggested that PD-1 blockades prolong OS, with a higher ORR and safety[51].
The latest KEYNOTE-224 study has found that as a second-line treatment for aHCC, PD-1 inhibitors can achieve an 18.3%
ORR, with median progression free survival (PFS) and OS at 4.9 and 13.2 mo, respectively[52]. Among KEYNOTE-394
patients included in Asia, PD-1 inhibitors significantly improved OS, PFS, and ORR[53]. The breakthrough study of
IMbrave150 indicated that during preliminary analysis, the PD-1/PD-L1 inhibitor combined with anti-VEGF drug
treatment regimen significantly improved OS and PFS in the treatment of early aHCC[54]. This first successful phase III
randomized controlled trial indicated that immunotargeted therapy has strong efficacy and controllable safety, making a
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new breakthrough in the treatment of aHCC. The median OS in the Chinese population subgroup reached an
unprecedented 24 mo[54], suggesting that this regimen has truly extended the survival time of patients with aHCC.
Recently, Chinese effort on PD-1 and PD-L1 blockers has proved useful[55]. Their efficacy and safety in HCC patients are
under research.

IMMUNOTHERAPY BASED ON CTLA4 INHIBITORS

Another inhibitory immune checkpoint, CTLA-4, as a CD28 homolog, is located in resting immature T cells and expressed
on activated T cells. The activation of immature T cells is regulated by co-inhibition and co-stimulation[56,57]. The
combination of CD28 and B7-1/2 can activate T cells, while the combination of CTLA-4 and CD80/86 inhibits T cell
activation and proliferation. Moreover, anti-CTLA-4 antibodies can enhance the anti-tumor activity of T cells by
preventing the combination of CTLA-4 on T cells and CD80/86 on antigen-presenting cells (APCs). CTLA-4 also
interferes with the combination of B7 and CD28 by directly transmitting inhibitory signals to T cells, which inhibits T cell
responses. Additionally, Tregs can control the effector T cell function and play a crucial role in maintaining peripheral
tolerance. CTLA-4 is also expressed on Tregs and plays a vital role in regulating their function. CTLA-4 on Tregs acts as a
co-inhibitory receptor, blocking co-stimulatory signaling by binding to CD80/86 on APCs, leading to impaired anti-
tumor immune response and promoted immune evasion of tumor cells[58]. Moreover, by blocking CTLA-4, Treg function
is weakened and their anti-tumor effect is enhanced.

A study has suggested that anti-CTLA-4 drugs can deplete Tregs through Fc mediated antibody dependent
cytotoxicity, thereby enhancing anti-tumor immune effects[59]. In 31 HCC patients, it was found that the addition of anti-
CTLA-4 antibodies increased the frequency of tumor associated antigen specific cytotoxic T cells in 60% of patients,
enhancing the anti-tumor activity of tumor specific T cells[60]. The dysfunction of Treg specific CTLA-4 can affect Treg
inhibitory function in vivo and promote anti-tumor immune effects. Research has shown that upregulation of CTLA-4
may mediate the inhibitory function of Tregs through small-scale graft injury, which is beneficial for the recurrence of
HCC after liver transplantation[61]. After only 4 years of pilot clinical trials, it was first demonstrated that CTLA4
blockers can induce persistent objective remission in HCC and HCV infected patients. This is the first clinical trial of HCC
immunotherapy, demonstrating the activity of CTLA4 blockers[62]. Therefore, anti-CTLA-4 agents are very promising
drugs that can promote immune cell proliferation and enhance anti-tumor immune response by blocking ligand binding
sites or inhibiting the expression of CTLA-4 in HCC patients during treatment. Based on the above research, ICIs are
effective in treating HCC patients.

ADOPTIVE CELL TRANSFER

Adoptive cell transfer (ACT) is a treatment method that involves sensitizing effector cells (most commonly lymphocytes),
propagating them in vitro, and then injecting them into the patient's body[63]. The most commonly used lymphocytes in
ACT are gene encoded T cells, which can specifically recognize and target tumor cells. Moreover, the key core of adoptive
cell immunotherapy is the number and activity of target lymphocytes cultured in vitro. The main strategy of ACT
includes transgenic tumor antigen-specific TCRs or chimeric antigen receptors. Cell based immunotherapy, such as tumor
infiltrating lymphocytes or cytokine-induced killer (CIK) cell adoptive immunotherapy, has strong anti-tumor effects and
low toxicity to normal cells. Yang et al[64] suggested that CIK cells from HCC patients exhibited cytotoxicity and
inhibited human HCC both in vitro and in vivo[64]. In a study of 230 HCC patients who underwent surgical resection or
radiofrequency ablation (RFA) therapy, the efficacy and safety of activated CIK cells in adjuvant therapy were evaluated.
The results showed that neither the CIK treatment group nor the control group achieved OS, but the CIK treatment group
had a longer OS[65]. Research has indicated that in HCC patients receiving potential curative treatment, adjuvant CIK cell
immunotherapy is more cost-effective with regard to prolonged survival and reduced HCC recurrence[66]. Prior to the
development of bispecific antibody coupled CIK immunotherapy, anti-PD-1 antibody therapy may be effective and safe
for HCC patients[67]. The combination therapy of DC-CIK therapy and microwave ablation (MWA) can remarkably
reduce recurrence and prolong disease-free survival[68]. Chimeric antigen receptor (CAR)-T cells have shown optimistic
results in the treatment of hematological malignancies, but their use for solid tumor treatment is still under development
[69]. The tumor specific antigen glypian-3 (GPC3) is the most significant target for CAR-T cell therapy in HCC[70].
Currently, clinical trials are being conducted to ensure the safety and efficacy of GPC3 mediated CAR-T cells[71].
Generally speaking, patients receiving ACT treatment receive a pre-treatment regimen of cyclophosphamide and
fludarabine to induce depletion of lymphocytes, thereby supporting in vivo expansion of adoptive cells. Adoptive cell
immunotherapy, especially T cell-based adoptive immunotherapy, is a very promising anti-cancer immunotherapy and
has shown good therapeutic effects in some cancer patients[63].

Due to the lack of efficacy and relative complexity of the technology, the initial attempts to develop ACT in HCC did
not meet clinical expectations. A large number of single arm or control experiments with different defects have shown
that CIK cells have anti-HCC activity. Despite these positive results, ACT has not been used as an adjuvant therapy in
most centers, possibly limited by some facilities for in vivo cell therapy.
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Figure 3 Inmunotherapy-based combination therapy for liver cancer. TACE: Transartical chemoembolization.

COMBINATION IMMUNOTHERAPY STRATEGY

In the treatment of HCC, immunotherapy is based on the support of the liver's immune tolerance microenvironment and
the main immune suppression of HCC[72]. Although single-agent immunotherapy has achieved effective results in the
treatment of HCC, its response rate is still not satisfactory. In cancer research, combining the immune initiation stage
suppressed by CTLA-4 or the immune response stage suppressed by PD-1/PD-L1 with targeted therapy has become a
more influential treatment method.

A characteristic of HCC is strong vascularization of arterial blood vessels, secondary to overexpression of angiogenic
endothelial growth factor A and platelet derived growth factor[73,74]. Basic research has shown that combining PD-1
inhibitors with TKIs or anti-VEGF antibodies can enhance anti-tumor effects by increasing lymphocyte infiltration,
weakening immunosuppressive status, and promoting vascular normalization[75,76]. Compared with classical anti-
tumor therapy, the combination of PD-L1 inhibitors and anti-VEGF inhibitors significantly prolongs OS and PFS.
Therefore, this combination therapy represents a new systemic treatment approach for HCC[77]. Other immune based
combination therapies include the combination therapy of ICI and TKIs[78]. TKIs may not only have anti-angiogenic
effects, but also have immunomodulatory effects. In addition, two different combinations of ICIs have been shown to be
effective against other solid tumors[79]. Studies have shown that combining PD-1/PD-L1 inhibitors with CTLA-4
inhibitors can produce non-redundant effects[80]. Check-mate040[81] is a multicenter, open label, multi-cohort phase I/1I
trial, and the results of this study are consistent with the different but complementary roles of PD-1/L1 and CTLA-4
pathways in negatively regulating immune activity. Based on this study, the Food and Drug Administration approved
the combination of nivolumab and ipilimumab for second-line treatment of aHCC in March 2020. Multiple studies have
confirmed that the combination of systemic therapy and transartical chemoembolization (TACE) is more effective in
treating aHCC than TACE or TKIs alone[82,83]. In addition, available local combination therapies include radiotherapy,
TACE, selective internal radiotherapy, RFA, and MWA[84] (Figure 3).

In order to improve the efficacy of CAR-T in cancer, combination therapy may be used in the future to enhance
efficacy, such as improving local metabolism, inhibiting inflammatory factors or immunosuppressive cells, blocking
immune checkpoints, and combining CAR-T cells with anti-tumor drugs or immune modulators.

SHORTCOMINGS OF IMMUNOTHERAPY

In recent years, ICIs represented by anti-PD-1/PD-L1 agents have made breakthroughs in the field of liver cancer
treatment, significantly improving patient survival rates and gradually becoming the preferred treatment option
recommended by guidelines. However, the effective rate of single drug ICI treatment does not exceed 20%, and the
efficacy can be effectively improved by combining anti-angiogenic drugs or TKIs, though it still does not exceed 40%.
Although some new immunotherapy methods have shown good potential in laboratory research, they still face many
challenges in clinical application, such as safety, tolerability, and cost. In the future, with a deeper understanding of the
mechanisms of HBV infection and liver cancer, as well as the continuous development of immunotherapy technology, the
immunotherapy of HBV related liver cancer is expected to have a further breakthrough, providing patients with more
treatment options and hope. In summary, immunotherapy for HBV related liver cancer is a challenging and opportunity
filled field. With the deepening of research and technological progress, we have reason to believe that immunotherapy
will bring revolutionary changes to the treatment of HBV related liver cancer.
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CONCLUSION

HBYV related HCC patients have a heavy disease burden, including viral infections and malignant tumors. ICIs also play a
promoting role in antiviral therapy when exerting anti-tumor mechanisms. It is worth noting that in the synergy of
disease treatment and life saving, anti-tumor and antiviral treatments complement each other, and comprehensive
treatment plans need to be personalized for patients to improve overall efficacy. HBV related liver cancer has entered the
era of comprehensive treatment. With the continuous development of immunotherapy, the comprehensive treatment
mode of liver cancer has also changed, with the aim of prolonging the OS of patients. Inmunotherapy, combined with
traditional local therapies such as TACE and radiofrequency, has a synergistic effect and may help reduce tumor burden
and improve patient prognosis. The multidisciplinary research of liver cancer and the full process management will bring
OS benefits to patients with HBV related liver cancer.
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