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Abstract: Hepatocellular carcinoma (HCC) is characterized by poor outcome and shows limited drug-response in
clinical trials. Tumor immune microenvironment (TIME) exerts a strong selection pressure on HCC, leading to HCC
evolvement and recurrence after multiple therapies. T cell-mediated immunoreaction during cancer surveillance
and clearance is central in cancer immunity. Heterogenous T cell subsets play multiple roles in HCC development
and progression. The re-educated T cells in TIME usually lead to deteriorated T cell response and tumor progression.
Investigation into immune system dysregulation during HCC development will shed light on how to turn immune sup-
pressive state to immune activation and induce more efficient immune response. Emerging T cell-based treatment
such as cancer vaccines, CAR-T cell therapy, adoptive cell therapy, and immune checkpoint inhibitors (ICls), have
been proved to cause tumor regression in some clinical and preclinical trials. In this review, we focused on recent
studies that explored T cells involved in HCC and how they affect the course of disease. We also briefly outlined cur-
rent T cell-based immunotherapies in HCC.
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Introduction

Liver cancer is the fourth leading cause of can-
cer-related mortality in the world, and hepato-
cellular carcinoma (HCC) accounts for approxi-
mately 85% to 90% of primary liver cancers [1,
2]. While en bloc resection, local ablation and
liver transplantation may be curative treatment
options for a selective population, high post-
operation recurrence makes the survival of
HCC patients dismal. A study on natural history
of HCC indicated that patients with advanced
stage (Barcelona Clinic Liver Cancer, BCLC
stage C) had a survival of only 3.4 months if
untreated [3]. HCC is characteristic by altered
immune microenvironment since patients are
usually with chronic liver inflammation such as
chronic viral hepatitis and non-alcoholic steato-
hepatitis (NASH) [4]. Immune cells are re-edu-
cated towards immune tolerant type and par-

ticipate in HCC occurrence and progression.
Immune suppressive cells contribute to immune
tolerant microenvironment and associate with
dismal prognosis of this refractory disease [5].
Targeted therapy and immune checkpoint inhib-
itors such as nivolumab were approved for
treatment of advanced HCC [6, 7]. However, the
overall survival rates for patients with HCC have
been minimally improved. There remains an
urgent need for more effective therapies target-
ing HCC with well tolerant adverse effects.

Immune and immunosuppressive factors are
balancing the cancer immunity and participat-
ing in HCC development (Figure 1). Immune
cells such as lymphocytes, macrophages,
neutrophils, myeloid-derived suppressor cells
(MDSCs), are abundant in HCC mellitus and
play important roles in tumor immune balance
(Table 1). Characterizing the heterogeneous
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Figure 1. Immune balance conditioning in HCC. The activation and suppression of immunity are associated with
anti-tumor response or tumor progression. The balance of immune status is regulated by immune cells, cytokines,
and immune-related receptors and ligands. TAAs: tumor associated antigens; TILs: tumor infiltrating lymphocytes;
CTLs: cytotoxic lymphocytes; DC: dendritic cell; TNF- o: tumor necrosis factor «; IFN-y: interferon y; OX-40R: OX-40
receptor; Treg: T regulatory cell; Th7: T helper 17 cells; MDSCs: myeloid-derived suppressor cells; NKTs: natural killer
T cells; TAMs: tumor-associated macrophages TGF-: transforming growth factor-; GITR: glucocorticoid induced TNF

receptor; CAFs: cancer-associated fibroblasts.

populations of immune cells in HCC may help
to deepen our understandings of immune
activity in tumor progression and recurrence,
thus boost the development of effective
immunotherapy.

T cells are crucial in surveillance and clearance
of tumor cells. Alterations in T cells antigen pre-
senting, trafficking and infiltrating all contribute
to tumor formation and recurrence after cura-
tive therapy. Single cell RNA sequencing
showed distinctive functional composition of
infiltrating T cells in HCC, and revealed that
exhausted phenotype of cytotoxic T lympho-
cytes (CTLs) was associated with worse progno-
sis [8]. Anti-CTLA-4 or anti-PD-1/PD-L1 thera-
pies enhance T cell response to tumor cells,
reverse T cell exhaustion, and restore T cell
function [9]. Several immune check-point inhib-
itors have proved their potential in treatment
for advanced HCC. However, immune therapies
are effective in only a small proportion of
patients, implying unknown mechanism under-
lying the tumor immune escape. With progress
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in the genomic analyses and gene sequencing,
a deeper knowledge of HCC immune contexture
and local immune microenvironment in a
more comprehensive and multidimensional
way will help us to better manage this lethal
malignancy. In this review, we mainly discuss
different types of T cells in HCC, provide ra-
tionales for developing efficient immunothe-
rapies, and briefly describe current immuno-
therapies based on T cells.

The subtypes of T cells infiltrating and sur-
rounding tumor cells of HCC

CD8* cytotoxic T lymphocytes (CD8* CTLs)

HCC immune response highlights the role of
CD8* T cells. CD8" effector T cells exert antigen
specific cytotoxic effects on tumor cells by rec-
ognition of specific antigens carried with MHC
class | molecules. Tumor antigens are present-
ed to CD8" T cells by professional antigen-pre-
senting cells (APCs), such as dendritic cells
(DCs). CTLs bind to tumor cell surface by TCRs
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Table 1. Immune cells in tumor microenvironment

Cell type Abbre Molecular markers
Tumor-associated macrophages TAMs IL-10"e", |L-12"°%; CD68 (pan-macrophage marker); CD163 (M2); c-Maf
Dendritic cells DCs Human myeloid-derived DCs: CD11c*, CD123"
Subgroups: CD16*, CD1c*, CD141*
Human plasmacytoid DCs, pDC: CD11c, MHC-II*, CD123*
CD8* cytotoxic T lymphocytes CD8+ CTLs T-cell anergy: direct positive markers are lacking

T-cell exhaustion: B7-H1*, PD-1*, CTLA4*, CD160", LAG-3*, Tim-3*
T-cell aging: CD28;, Tim-3"e", CD57"e", KLRG-1"¢"
Natural Killer T cells NKTs Ccbad*

Myeloid-derived suppressor cells MDSCs Neutrophils: CD15*, CD33", CD11b*, Lin, IL-4Ra*, CD80*, CD115*, VEG
FR1*, CD62L", CD16"" (CD66b* in HCC)
Monocytes: CD14*, HLA Dr’°%, CD66b*, IL-4Ra*, CD80*, CD115*
Regulatory T cells Tregs CD4*CD25*FOXP3*
T helper cells Th1/2,Th17,Th22, Tfth, Th9  Th1: CD4*, CCR1', IFN-y*, IL-2*, IL-22*, TNF-B*

Th2: CD4*, CCR3*, CCR4*, IL-4, IL-5", I-9*, IL-10* and IL-13*
Th17: CD4*, CCR6", RORY", IL-17*

Th22: CD4*,CCR4*, CCR6", IL-22*

Tfh: CD4%, IL-21%, IL-4* and CXCL13*

ThO: CD4*, IL-9*

CD, cluster of differentiation; IL, interleukin; CCR, C-C motif chemokine receptor; FOXP3, transcription factor forkhead box p3; KLRG1, killer cell lectin-like receptor sub-

family G member 1; RORY, related orphan receptor gamma.

recognition of MHC I. CD8"* T cells exert killing
effects by direct lysis of cancer cells and secre-
tion of enzymes and cytotoxic cytokines, such
as perforin, granzyme B, interferon y (IFN-y),
and tumor necrosis factor o (TNF-&). The perfo-
rin perforates cell membrane and causes cell
lysis, and granzyme B activates caspase cas-
cade. Importantly, the FasL on CD8* T cells
binds to Fas receptors on tumor cells and trig-
gers caspase signal transduction pathways.
Those activities together induce tumor cell
apoptosis or necrosis. Peripheral CD8* T cell
level were significantly elevated in HCC patients
when compared to normal controls [10]. More
importantly, tumor infiltrating tumor-associated
antigen (TAA) specific CD8* T lymphocytes are
found in the tumor bed or peritumoral tissues,
which is recognized as crucial in surveillance
and controlling growth of solid tumors [11, 12].
T cell infiltration and a high CD4*/CD8* T cell
ratio were found to be significantly associated
with decreased recurrence after liver trans-
plantation for HCC [13]. However, a complete
tumor immune response requires cancer anti-
gen presentation, T cell priming and trafficking
to tumor site. T cell infiltration alone did not pre-
dict cancer immune activity. Pathological stud-
ies have identified three tumor infiltration phe-
notypes: the immune-desert phenotype, the
immune-excluded phenotype and the inflamed
phenotype [14]. Both quantity and quality of
infiltrating T cells contribute to anti-tumor effi-

4587

cacy. We mainly discuss studies focusing on
CD8* T cells in HCC from both experimental and
clinical aspects.

For decades, cytotoxic T cell infiltration of
the tumors has been reported to favor a better
survival in different types of human cancers,
and CD8* T cells activation is related to tumor
regression. Gabrielson A and colleagues stud-
ied surgical specimens from 65 HCC patients
and identified three types of tumor infiltration
in intratumoral parts and invasive margin:
dense nodular clusters of lymphocytes, diffuse,
evenly distributed lymphocytes, and rare or
scattered lymphocytes. Detailed analysis of T
cell subsets showed that CD8* T lymphocytes
infiltration was associated with prolonged
recurrence-free survival (RFS) and low rate of
recurrence [15]. However, in another study by
Kobayashi N and colleges, tumor-infiltrating
CD8* T cells was not predictive for survival of
HCC patients, and no significant difference in
the survival rate was observed between low
and high CD8* T cell groups [16]. Previous stud-
ies have reported that the percentage of infil-
trating CD8* T cells was decreased in HCC com-
pared to normal adjacent tissues [17-20], and
tumor antigen-specific CD8* T cells displayed
an exhausted phenotype. In many types of can-
cers including HCC, quantity of CD8" T cells
alone did not well predict the prognosis [11, 19,
20]. Apart from immunosuppressive effect of T

Am J Cancer Res 2020;10(12):4585-4606



T lymphocytes in HCC: friends and foes

regulatory cells (Tregs), dysfunction of tumor
infiltrating CD8* T cells usually manifests as
exhaustion and tolerance, featured with im-
paired effector function and expression of
immune inhibitory receptors. T cell exhaustion
in tumor can be induced by tumor antigen load
and immunosuppressive factors. Increased
expression of inhibitory receptors such as pro-
grammed cell death protein 1 (PD-1), lympho-
cyte activation gene-3 (LAG-3), 2B4 (CD244), T
cell immunoglobulin and mucin domain 3 (TIM-
3), cytotoxic T lymphocyte-associated antigen 4
(CTLA-4) are found in exhausted T cells. Those
immunoinhibitory receptors are druggable
targets for tumor immunotherapy. Moreover,
tumor-specific effector T cells are subjected to
apoptosis, which was known as activation-
induced cell death (AICD) [21] and animal
experiment showed that CD8* T cells undergo
high rates of apoptosis within tumor immune
microenvironment [22]. These studies indicate
tumor microenvironment can educate cytotoxic
T cells towards exhausted and impaired func-
tion, and may lead to more T cell death through
unigue mechanism.

To explore the CD8* T cell responses to tumor-
associated antigens (TAAs) in HCC, Flecken
and colleagues used overlapping peptides to
study tumor antigen-associated CD8* T cells in
a group of 96 HCC patients [23]. They detected
TAA-specific CD8" T cell responses to all four
antigens in patients with HCC, while only one
individual response in control group. The
authors also showed impaired IFN-y production
of tumor infiltrating CD8" T cells, indicating
exhaustion of intratumoral CD8* T cells. Either
the number of TAA-specific CD8* T cells or the
number of TAA targets was positively associat-
ed with patient survival. Taken together, the
authors suggested the TAA-specific CD8* T
cells were functionally deficient and restoration
of CD8* T cells function would be a promising
therapeutic strategy.

CD8* T cells are dysfunctional and heteroge-
nous in tumor immune microenvironment. Zhou
and colleagues studied a population of 59 HCC
patients aimed to determine T-cell responses
in the HCC microenvironment [24]. They found
increased expression of inhibitory receptors,
including PD-1, TIM 3 and LAG3, on tumor-infil-
trating CD4* Th cells and CD8"* cytotoxic T cells
than that from normal adjacent liver tissue or
peripheral blood. They showed PD-1" infiltrating
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T cells were significantly more activated using
the activation markers HLA-DR, but with no
increase or even decrease of percentage of
granzyme B, IFN-y and TNF-a producing cells,
indicating impaired functionality of CD8* T cells.
What’s more, in vitro experiment showed PD-L1
blockade alone or in combination with TIM3,
LAG3, or CTLA4 blockade enhanced prolifera-
tion and cytokine production in CD8* tumor
infiltrating lymphocytes (TILs). In another study
by Kim et al., the authors studied the subtypes
of CD8" T cells in HCC [25]. According to PD1
expression on CD8* TlLs, 90 HCC patients who
underwent resection were subjected to PD1-
high, intermediate and negative subgroups.
The authors identified 865 differentially ex-
pressed genes between PD1-high and PD1-
intermediate subgroups. Based on different
enrichment genes, the authors found high-
PD1"e" subgroups had significant poorer overall
survival compared to low-PD1Me" groups in the
Cancer Genome Atlas HCC cohort. Notably,
LAYN clusters indicating exhaustion were sig-
nificantly enriched in PD1-high patients, while
expression level of LEF1 and CX3CR1 cluster
representing memory and effector CD8* T cells
were much lower. Moreover, high PD1 expres-
sion on CD8* T cells was associated with larger
tumor sizes, higher AFP levels and larger pro-
portion of microvascular invasion, which may
suggest similar heterogeneity of HCC biological
features in association with infiltrating CD8" T
cells. Finally, the authors proved combined
immune checkpoint blockades restored CD8* T
cells function more efficiently than single use of
PD1 blockade in patients with PD1-high TILs,
while such effects was absent in PD1-low sub-
groups. In clinical practice, combination of
immune checkpoint inhibitors may be theoreti-
cally possible, it should be noted not all HCC
patients can benefit. These results suggest
immune microenvironment is closely related
with HCC phenotypes, and more liable predic-
tive biomarkers for HCC immunotherapy should
be further explored.

The presence of T cell infiltration including
tumor-specific T cells is not necessarily related
with tumor regression, which suggesting a fail-
ure of immune surveillance and clearance.
Some theories may explain the inadequate
immune response to tumors, such as partial
antigen masking, failure of antigen processing,
inadequate co-stimulation signals, and direct
suppression of effector cells. Targeting one or
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more pathways may provide new insights into
HCC treatment. Of note, recent study has
revealed that in addition to exhaustion of
tumor-specific T cells, tumor-unrelated bystand-
er CD8" T cells were common and abundant
in tumor infiltrates, which shed light on how
exhaustion of effector T cells and bystander T
cells impact the immune conditioning of HCC
[26]. Further investigation may be taken to clar-
ify the characteristics of both exhausted CTLs
and bystander CD8* T cells in HCC, and their
roles in HCC development and recurrence.

Natural killer T (NKT) cells

NKT cells are a subset of T lymphocytes ex-
pressing both natural killer (NK) and T cell
receptors (TCRs), bridging the innate and adap-
tive immune systems. Two distinct subpopula-
tions are identified as type | (or invariant NKT,
iINKT) and type Il NKT cells. NKT cells are dis-
tributed in blood and lymph tissues, and
account for approximately 30% of the T cells in
liver [27]. NKT cells produce both pro-inflam-
matory and anti-inflammatory cytokines, and
play critical roles in immune response and
tumor surveillance. Dysregulation of NKT cells
may lead to immune imbalance and are asso-
ciated with cancer development. Previous
studies showed distinct subsets of NKT cells
exerted their positive or negative effects in
tumor immunology via distinct mechanisms.
For instance, in addition to direct lysis of cancer
cells, iNKT cells exert anti-tumor activity mainly
through production of cytokines such as INF-y,
IL-2, TNF-&, which subsequently recruit NK
cells, dendritic cells and CD8"* T cells. Moreover,
iNKT cells were found to restore the function of
exhausted NK cells and CD8* T cells via IL-21,
IL-2 and IL-12 [28]. Conversely, type I NKT cells
can exert immunosuppressive effect and pro-
mote tumor growth by producing IL-13. Apart
from the opposite effect in tumor immunity,
iNKT and type Il NKT cells also cross regulate
each other and interact with other immune
cells [29]. Elucidating the complex network
between NKT cell subpopulations and mecha-
nisms underlying NKT cell immune action will
help to improve cancer immunotherapy, espe-
cially in development of cancer vaccines.

Enrichment of NKT cells in the liver highlights
their roles in liver inflammation and carcinogen-
esis. Through recruiting macrophages and neu-
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trophils and inducing fat accumulation in hepa-
tocytes, activation of iINKT cells can promote
steatosis and steatohepatitis of the liver.
Oppositely, type Il NKT cells attenuate liver
inflammation by inhibiting iINKT cell-mediated
infammatory pathways. As previous studies
showed NKT cells might have anti or pro-tumor
effects according to cell subtypes and interac-
tion with other immune cells, the roles of NKT
cells in HCC remain controversial. Increased
NKT cells were observed in both human and
mouse HCC samples; iNKT cell frequency was
reported to be slightly decreased in blood while
significantly increased in tumor tissues [30,
31]. Some studies indicated NKT cells sup-
pressed HCC via inducing production of IFN-y
and activation of other effector cells including
NK cells and cytotoxic T cells [32, 33], while
others suggested an oncologic role in HCC
development [31]. These studies revealed NKT
cells played multiple roles in tumor surveillance
and HCC development. More importantly, the
association between NKT cells and prognosis
in HCC patients has not been fully understood.
Since these results are mostly based on animal
models, further researches are needed to clar-
ify the exact roles of NKT cells in human HCC. It
still needed to explore how heterogenous NKT
cell subsets act within liver microenvironment
and influence hepatocarcinogenesis.

Regulatory T cells (Tregs)

Tregs are a sub-population of CD4* T lym-
phocytes (approximately 5%), and the recruit-
ment of Tregs into tumor microenvironment is
involved in tumor cells escaping from immune
surveillance and clearance. Two main subsets
of Tregs have been identified in cancers as nat-
ural Tregs and inducible Tregs. Natural Tregs,
which are CD4*CD25*FOXP3*, are major regula-
tory T cells and maintain peripheral cancer-
related inflammation through Fas/FasL path-
way. Natural Tregs in tumor can induce cell
death of natural killer cells and CD8* T cellsin a
granzyme B- and perforin-dependent manner.
Inducible Tregs, which are FOXP3* or not, medi-
ate immune suppression by producing adenos-
ine, IL-10 and TGF-B. Tregs can inhibit effector B
and T cells functions after antigen response. In
normal condition, Tregs suppress anti-self-
immune responses and have important roles in
balancing immune tolerance and inflammatory
responses.
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Tregs exert immunosuppressive effects and
hinder cancer immune response through sev-
eral mechanisms. Those mechanisms include
inhibiting the effector cell function by secreting
inhibitory cytokines, Kkilling effector cells by
granzyme and perforin, disrupting effector cell
metabolism, and affecting differentiation and
proliferation of dendritic cells which possibly
involved signal transduction through CTLA-4
and LAG3. Coordination of TCR stimulation and
IL2 receptor signaling is central to stability and
immune suppressive function of Tregs. In HCC,
Tregs mainly induce immunosuppression by
impairing CD8" T cells. Of note, HCC-derived
Tregs could downregulate CD80/CD86 on DCs
in a CTLA-4-dependent way, indicating their
negative roles on multiple immune cells [34].

Previous studies showed HCC patients had sig-
nificant increased number of CD4*CD25" regu-
latory T cells in peripheral blood and liver tis-
sues [10, 35], and increased peripheral Tregs
were correlated with disease progression [20].
Fu et al. and Gao et al. demonstrated a correla-
tion of high infiltration of Tregs cells with poor
overall survival, and indicated the ratio of Tregs
and cytotoxic T cells was a more promising
prognostic marker for HCC patients [18, 20]. In
a study including 19 advanced HCC patients,
reduced PD-1" and Foxp3* Tregs were shown to
be associated with prolonged survival after
sorafenib treatment [36]. Accumulating Tregs
in liver can also promote HCC recurrence after
liver transplantation in a CXCL10/CXCR3 sig-
naling dependent pathway [37]. Further animal
experiments demonstrated that Tregs deple-
tion by CD25 monoclonal antibody could hinder
HCC development.

The association between Tregs and prognosis
indicates Tregs participate in HCC formation
and progression. By examining 323 hepatic
nodules including precursor lesions, early HCC
and advanced HCC, Kobayashi and colleagues
demonstrated that infiltrating Tregs increased
gradually during the progression of hepatocar-
cinogenesis in a stepwise manner [16]. In ani-
mal experiments, Tregs counts increased in
liver after hepatitis B virus (HBV) infection, lim-
iting immune-mediated liver damage but lead-
ing to delayed viral clearance [38]. Tregs in
patients with HBV-HCC were shown to have
increased suppressive effects, featuring de-
creased expression of PD-1 and increased
IL-10 and TGF-B [39]. These studies suggest
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infiltrating regulatory T cells are associated
with HCC development, and Tregs promote
hepatocellular carcinoma progression by atten-
uating viral clearance capacity. The roles of
Tregs in balancing immune reaction in HCC
development are further validated in preclinical
experiments. Studies showed that selective
depletion of Tregs led to enhanced antitumor
immunity in several tumors including HCC [40].
However, the heterogeneity of Tregs makes it
difficult for clinical use of Tregs depletion. It has
been noted that regulatory T cell subsets in
patients with HCC differ from each other and
may represent distinct functions. Kakita and
colleagues identified two subtypes of Tregs
according to expression of CD25 and CD127
[41]. Both CD25° FOXP3" Tregs and CD25*
FOXP3* Tregs were detected in HCC tumor tis-
sue, but only CD25 FOXP3" Tregs were signifi-
cantly higher in tumor than non-tumor tissue.
During following up, CD25 FOXP3 Tregs, rather
than CD25high*FOXP3* cells, displayed dynam-
ically change in patients with curative ablation
or recurrence. It remains elusive regarding
roles of the subpopulations of Tregs in HCC,
and the high heterogeneity of Tregs confines
their use as prognostic biomarkers and thera-
peutic targets.

Tregs are attracted to tumor milieu through
interaction with other immune cells in the
tumor immune contexture, and the latter pro-
duce Tregs-recruiting chemokines. Alterations
of driver genes such as FAK and EGFR, can
recruit Tregs by modulating chemokine tran-
scription, contributing to immunosuppressive
microenvironment and tumor progression [42].
MDSCs and tumor associated macrophages
also regulate Tregs activity in cancer develop-
ment. MDSCs are regarded to suppress anti-
gen-specific and nonspecificimmune respons-
es in human tumors. Analysis showed Tregs
expansion could be induced by MDSCs isolated
from HCC patients when cocultured with autol-
ogous T cells [43]. Moreover, tumor infiltration
of Tregs is positively correlated with density of
tumor-associated macrophages (TAMs) in HCC
patients [44]. TAMs were proved to produce
chemokines CCL17, CCL18, and CCL22, which
preferentially induced Tregs and Th2 cells
to the tumor tissue, and subsequently impair-
ed CTL activation in ovarian cancer [45]. Tregs
can also be regulated by neutrophils to can-
cer development. A recent study revealed that
tumor-associated neutrophils could recruit
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Tregs to HCC stroma to promote tumor pro-
gression in a CCL2" and CCL17* dependent
way [46]. The crosstalk between Tregs and
other tumor infiltrating immune cells indicates
a complicated regulatory network in HCC
development.

T helper cells

CD4* T cells are required in the priming of
CD8* T cells and enhance the antitumor
effects of CTLs. However, the heterogeneity of
CD4* T helper cells is in accordance with their
multiple roles, especially in cancer. Apart from
T help 1 (Thl) cells and T help 2 (Th2) cells,
IL-17 producing T help 17 (Th47) cells, IL-9 pro-
ducing T help 9 (Th9) cells, IL-22 producing T
help 22 (Th22) cells, and follicular B helper T
(Tfh) cells will also be discussed in this review.

Th1l/Th2 cells: Based on cytokine secretion
profiles, Th1 (IFN-y, IL-2, IL-22, TNF-B) and Th2
(IL-4, IL-5, IL-9, IL-10 and IL-13) are two major
CD4* T helper lymphocyte subsets. Thl cells
participate in cell-mediated immune responses
and delayed-type hypersensitivity reactions,
while Th2 cells participate in humoral-mediat-
ed immunity. After the dual signal of MHC Il/
Peptide complex and co-stimulatory molecules,
Th1 cells produce cytokines such as IFN-y to
recruit CD8* T cells into the tumor. Th1/Th2 bal-
ance influences the antitumor process. In HCC,
the shift of Thl to Th2 cytokines indicates an
immune suppressive tumor microenvironment.
Expression of Thl cytokines (IL-1«, IL-183, IL-2
and IFN-y) in tumor tissue is associated with
good prognosis, while Th2 cytokines (IL-4,
IL-5 and IL-10) are upregulated in HCC with
vascular invasion or extrahepatic metastases
[47]. Moreover, increased circulating Th2 cells
are associated with more advanced tumor
stage and poorer treatment response [48].
Patients with low levels of Tregs at baseline
before TACE had increased Th1/Th2 ratio com-
pared to those with high Tregs levels, and
increased Th1/Th2 ratio was associated better
immune response and prolonged overall sur-
vival [49]. Cancer vaccines targeting helper T
cells showed promising results in some malig-
nancies [50]. However, evidence regarding
whether such Thl response can induce effec-
tor T cell action in HCC is lacking and warrants
further investigation.

Th17 cells (Th17): Thi7 cells are a subset of
CD4* T helper cells and play complex roles in
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inflammation and tumor immunity. They have
features distinct from Th1 and Th2 cells. Th17
cells express the transcription factor, namely
related orphan receptor gamma (RORy) [51].
Th17 cells secret cytokines including IL-17,
IL-17F, and IL-22, IL-21, which act as a proin-
flammatory mediator and play important roles
in inflammatory disease and inflammation
against foreign pathogens. Th17 cells are main-
ly located in gut, lungs and skin, especially in
the small intestinal lamina propria. Studies
suggested Th17 cells participated in regulating
gut mucosal immune responses, maintaining
microbial homeostasis, and served both in
adaptive and innate immunity.

IL-17 is generally believed to induce chronic
inflammation and has pro-tumorigenic effects,
and accumulating evidence indicated Thl7
cells promoted HCC development and were
associated with poor survival [52, 53]. Zhang
and colleagues studied distribution of Thl17
cellsin 178 HCC patients. There were increased
Th17 cells in tumor tissues when compared
to non-tumor regions, and intratumoral IL-17-
producing cell density was an independent
prognostic factor for significantly shorter over-
all survival (0OS) and disease-free survival (DFS)
[54]. It is not clear whether T17 cells could
directly promote HCC growth or through a dis-
tinct pathway. A positive association between
peripheral and intrahepatic Th17 cells and liver
cirrhosis was found in patients with HBV-related
cirrhosis; in vitro experiment showed that IL-17
promoted cirrhosis progression via activating
hepatic stellate cell and inducing production of
pro-inflammatory cytokine such as IL-6, IL-8
[55]. It is still under investigation how Th17
cells contribute to the disease progression of
liver fibrosis and even HCC in patients with HBV
or hepatitis C virus (HCV)-related chronic hepa-
titis. A recent study by Gomes showed that
IL-17 level was elevated in patients with hepati-
tis, fatty livers, and viral hepatitis-associated
HCC. Using mouse model with non-alcoholic
steatohepatitis, the study further showed IL-17
could promote chronic inflammation and hepa-
tocarcinogenesis via activating hepatic macro-
phages [56]. Notably, accumulating evidence
has shown microbial dysbiosis contributed to
the pathological role of IL-17 in immunity in
some cancers such as gastric and colon can-
cers [57]. Gut microbial translocation and dys-
biosis is common in patients with chronic liver
disease. It has been established in recent years
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that dysregulation of intestinal microbiota con-
tributed to hepatocarcinogenesis by endotoxin
accumulation, influencing metabolism and pro-
moting cancer-related inflammatory pathways
[58]. How Th17 cells are regulated by gut dys-
biosis and participate in HCC growth is largely
unknown. Unveiling roles of microbial dysbiosis
and Th17 cells in cirrhosis or HCC would further
our knowledge in liver carcinogenesis.

Th22 cells (Th22): Th22 cells are a novel sub-
set of CD4* T cells that were identified recently.
Those cells produce IL-22, IL-18, IL-6, excluding
IL-17 or IFN-y, which are distinct from Th17 cells
and Thl cells [59]. IL-22 are involved in the
pathogenesis of autoimmune diseases and dif-
ferent types of cancers. Accumulation of Th22
cells was associated with shorter survival in
multiple gastrointestinal cancers [60, 61].
Studies showed that IL-22 could both protect
hepatocytes from apoptosis and promote HCC
development by activation of STAT3 [62, 63].
Elevated peripheral and tumor infiltrating Th22
cells were observed in HCC patients and asso-
ciated with progression of HCC [64, 65].

Tfh cells (Tfh): Tth cells are derived from the
naive CD4* T cells. These cells secret IL-21, IL-4
and CXCL13, and are involved in B cell function.
Defects in Tfh cells can cause the failure of B
cell response, resulting in humoral immune
deficiency. Tfh cells have been shown to play
critical roles in several human disease includ-
ing autoimmune diseases and cancers. In
HCC patients, circulating and tumor infiltrating
Tfh cells were significantly decreased when
compared to healthy controls and nontumor
regions. Tfh cells were found to be exhausted
with decreased IL-21 production and impaired
function on B cell proliferation and differentia-
tion. Survival analysis showed decreased fre-
quency of circulating Tfh cells was associated
with poorer prognosis [66].

Th9 cells (Th9): Th9 cells are a subset of CD4*
T cells that mainly express IL-9. It has been pos-
tulated that Th9 cells could directly exert anti-
tumor activity by inducing granzyme B produc-
tion and promoting dendritic cell recruitment,
and IL-9 could enhance cytotoxicity of mast cell
and CTL and induce IFN-y secretion [67].
Studies on the roles of Th9 cells in HCC were
limited. In contrast to the anti-tumor role in mel-
anoma and lung adenocarcinoma, a study
including 21 HCC patients showed that infiltrat-
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ing Th9 cells were higher in in peritumor and
tumor regions compared with nontumor
regions, and higher level of tumor infiltrating
Th9 cells were associated with significantly
shorter disease-free survival [68].

Mucosal-associated invariant T cells (MAIT):
MAIT cells are innate-like T cells that act at
the innate-adaptive interface of immunity.
MAIT cells are highly evolutionarily conserved
expressing CD161 and a semi-invariant TCR
made of an invariant Va7.2-Ja33. Abundant in
peripheral blood and preferably resident in the
intestinal mucosa and liver, MAIT cells account
for approximately 45% of the liver lymphocytes
[69]. MAIT cells secrete multiple cytokines
such as IL-17, granzyme B, IFN-y, and TNF, indi-
cating a defensive role of MAIT cells against
pathogens.

MAIT cells are enriched in liver and involved in
liver inflammation and cirrhosis. Hegde and col-
leagues studied MAIT cells in patients with
alcoholic or non-alcoholic fatty liver disease-
related cirrhosis [70]. They found MAIT cells
were reduced in the peripheral blood and
increased in cirrhotic liver tissue. In vitro experi-
ments showed MAIT cells could induce myofi-
broblasts producing IL-6 and IL-8 by secretion
of TNF, which contributed to liver fibrosis pro-
gression. Another study on autoimmune liver
disease indicated MAIT cells contributed to
liver fibrosis by activating hepatic stellate cells
[71]. In condition of viral infection, peripheral
MAIT cells are generally decreased. Study on
patients infected with HCV showed MAIT cells
were significantly lower in blood and liver.
Moreover, infiltrating MAIT cells are activated
and inversely correlated with liver inflammation
condition, suggesting a protective role of MAIT
cells against HCV infection [72]. Significant
decreased circulating MAIT cells with exhaust-
ed and dysfunctional phenotypes were also
found in patients with HBV infection [73].
Though MAIT cells seemed to be associated
with liver chronic inflammation and fibrosis,
direct evidence regarding the roles of MAIT
cells in the development of HCC is lacking.
Duan and colleagues studied 50 patients with
HCC and found significant lower level of MAIT
cells both in peripheral and tumor tissues.
Compared to healthy controls, infiltrating MAIT
cells of HCC expressed higher level of immune
checkpoint molecules such as PD-1, CTLA-4
and TIM-3, indicating an exhausted type of
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those T cells. Interestingly, when compared to
low infiltration group, higher MAIT cells infiltra-
tion was associated with poorer prognosis,
which indicated MAIT cells were re-routed to a
tumor-promoting phenotype [74]. Taken togeth-
er, MAIT cells may play a pro-inflammatory role
in liver chronic inflammation, and partially con-
tribute to fibrosis, cirrhosis and even carcino-
genesis. Targeting MAIT cells may shed light on
treatment of virus-related cirrhosis and HCC.

Immunotherapy based on T cells in HCC treat-
ment

HCC is characterized by altered immune micro-
environment that leads to immune tolerance
for tumor cells. Immunotherapy is emerging as
a potential treatment option for HCC. We briefly
reviewed and highlighted several T cell-based
immunotherapies that have been put into clini-
cal practice or under clinical investigation.

Immune checkpoint inhibitors

Immune checkpoint inhibitors reinvigorate T
cell function and have shown potential in treat-
ing advanced HCC. Nivolumab and pembroli-
zumab were recently approved by US Food and
Drug Administration in HCC patients after treat-
ment of sorafenib. However, the efficacy of sin-
gle immune checkpoint inhibitor for HCC in sub-
sequent large-scale clinical trials is not satisfy-
ing. In the phase lll study (KEYNOTE 240) of
pembrolizumab as second line therapy for
advanced HCC, patients treated with pembroli-
zumab showed improvement in OS and pro-
gression-free survival (PFS) compared with
placebo plus best supportive care [median
0S 13.9 months vs. 10.6 months, hazard ra-
tio (HR)=0.781, 95% confidence interval (Cl):
0.611-0.998, P=0.0238]. Due to P value loss
caused by the study design, KEYNOTE 240 did
not reach the preset endpoint. Despite the fail-
ure of phase Ill study, objective response rate
was 18.3% (95% Cl: 14.0%-23.4%) in pembroli-
zumab group compared to 4.4% (95% Cl: 1.6%-
9.4%) in control group, and there was signifi-
cant tendency for longer survival [75]. In anoth-
er phase Il randomized multicenter study
(CheckMate 459) which compared nivolumab
with sorafenib in unresectable HCC patients,
nivolumab also failed to show significant
improvement in OS (median OS 16.4 months
vs. 14.7 months, HR=0.85, 95% Cl: 0.72-1.02,
P=0.0752). Despite the effect of single immu-
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notherapy is limited, combining immune check-
point inhibitors with other therapies are pro-
mising. Phase Ib study in unresectable HCC
patients has shown that pembrolizumab plus
lenvatinib showed good disease control rates
and limited adverse effect (KEYNOTE 524,
NCTO3006926) [76]. A phase lll study on lenva-
tinib plus pembrolizumab for unresectable HCC
as the first-line treatment is being conducted
(NCT03713593) [77]. Anti-PD-1/PD-L1 combin-
ing with anti-angiogenesis agents are also
effective in advanced HCC, largely due to inhib-
iting intratumoral immunosuppression and
further producing synergistic effect. The phase
| GO30140 study (NCTO2715531) indicated
that atezolizumab plus bevacizumab showed
promising efficacy (36% ORR) and longer pro-
gression-free survival (HR 0.55, 80% Cl: 0.40-
0.74) than atezolizumab alone in patients with
advanced HCC [78]. Moreover, IMbrave 150
study (NCT03434379) showed patients treat-
ed with atezolizumab and bevacizumab had
longer overall survival and progression free sur-
vival compared with those with sorafenib alone
(median PFS 6.8 months vs. 4.3 months
respectively, HR 0.59; 95% Cl: 0.47-0.76) [79].
Based on the promising results of the above
clinical trials, bevacizumab combined with
atezolizumab was approved as first-line therapy
for advanced HCC. Main clinical trials of combi-
nation therapy based on ICls are presented in
Table 2. Additionally, ICIs are also being
explored in neoadjuvant and adjuvant therapy
for patients with curative intent. Table 3 shows
the main ongoing clinical trials testing ICls as
neoadjuvant and adjuvant therapies. With more
emerging combination therapy choices and
clinical beneficial data, ICls seem to play a
role through the entire process of HCC treat-
ment. Personalized clinical decisions are need-
ed to achieve better disease control rates
and properly manage immune-related adverse
events. More knowledge of the roles of the
heterogenous T cells in TIME will contribute
to better future development of cancer im-
munotherapies.

Cancer vaccines

HCC TAAs are potential markers for cancer vac-
cine development. Vaccines can induce memo-
ry T cells and has been investigated in different
types of cancers. TAAs such as AFP, GPC-3,
MAGE-1 and NY-ESO-1, human telomerase
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Table 2. Key clinical trials of combination therapy based on immune checkpoint inhibitors in advanced HCC

Phase . - . ) . Primar
ICB NCT number . / Disease condition Intervention regimens Intervention type . y
participants endpoints
Anti-PD1 + targeted therapy
Pembrolizumab 03713593 Phase lll/750  Advanced HCC Pembrolizumab + lenvatinib vs. Anti-PD-1 antibody + multiple kinases inhibitor PFS, 0S
lenvatinib + placebo
03347292 Phase /40 Advanced HCC Pembrolizumab + regorafenib Anti-PD-1 antibody + multiple kinases inhibitor TEAEs, DLTs
03211416 Phase Ib/Il/27  Locally advanced or metastatic HCC Pembrolizumab + sorafenib Anti-PD-1 antibody + multiple kinases inhibitor ORR-2
Nivolumab 03841201 Phase 11/50 Advanced HCC Nivolumab + lenvatinib Anti-PD-1 antibody + multiple kinases inhibitor ORR-1, AEs
03418922 Phase 1b/30 Advanced HCC Nivolumab + lenvatinib Anti-PD-1 antibody + multiple kinases inhibitor DLTs, AEs
03439891 Phase Il/40 Advanced, untreated HCC Nivolumab + sorafenib Anti-PD-1 antibody + multiple kinases inhibitor MTD, ORR-2
01658878 Phase I/11/1,097 Advanced HCC Nivolumab + cabozantinib Anti-PD-1 antibody + anti-VEGFR2/c-MET AEs, ORR-1
(CheckMate040)
04170556 Phase I/lla/60  Advanced HCC with progression under  Nivolumab + Regorafenib Anti-PD-1 antibody + multiple kinases inhibitor TEAEs
sorafenib
04310709 Phase Il/42 Advanced, chemotherapy-naive HCC Nivolumab + Regorafenib Anti-PD-1 antibody + VEGFR2/TIE2 Response rate
Camrelizumab 03764293 Phase Ill/510 Advanced HCC Camrelizumab + apatinib vs. Anti-PD-1 antibody + VEGFR2 inhibitor 0OS, PFS
sorafenib
03463876 Phase 1I/190 Advanced HCC Camrelizumab + apatinib Anti-PD-1 antibody + VEGFR2 inhibitor ORR-1
04443309 Phase I/11/53 Advanced HCC or progressed following Camrelizumab + lenvatinib Anti-PD-1 antibody + multiple kinases inhibitor ORR-1
surgical and/or local therapy
Tislelizumab 04183088 Phase 1l/125  Advanced HCC Tislelizumab + regorafenib vs. pla- Anti-PD-1 antibody + VEGFR2/TIE2 inhibitor AEs, ORR-1, PFS
cebo + regorafenib
04401800 Phase 11/66 Locally advanced or metastatic HCC Tislelizumab + lenvatinib Anti-PD-1 antibody + multiple kinases inhibitor ORR-2
Toripalimab 04069949 Phase I/11/39 Locally advanced HCC with portal vein  Toripalimab + sorafenib Anti-PD-1 + multiple kinases inhibitor PFS, TEAEs
tumor thrombus
04523493 Phase I1l/486 Advanced HCC Toripalimab + lenvatinib vs. placebo  Anti-PD-1 antibody + multiple kinases inhibitor 0S, PFS
+ lenvatinib
04010071 Phase II/60 Advanced hepatobiliary tumors includ-  Toripalimab + axitinib Anti-PD-1 antibody + VEGFR1/2/3 inhibitor ORR-1, PFS
ing HCC
Sintilimab 03794440 Phase Ill/566 Advanced HCC Sintilimab + IBI305 vs. sorafenib Anti-PD-1 antibody + VEGFR inhibitor 0S, PFS
(ORIENT-32)
04411706 Phase Il/46 Advanced HCC Sintilimab + apatinib and Anti-PD-1 antibody + VEGFR2 inhibitor + ORR-1
capecitabine chemotherapy
04042805 Phase 1l/56 Locally advanced HCC ineligible for Sintilimab + lenvatinib Anti-PD-1 antibody + multiple kinases inhibitor ORR-1
curative surgery
Anti-PD-L1 + targeted therapy
Atezolizumab 03434379 Phase I1l/480 Untreated locally advanced or meta- Atezolizumab + bevacizumab vs. Anti-PD-L1 + anti-VEGF antibody PFS; OS
(IMbrave150) static HCC sorafenib
03755791 Phase Ill/740 Advanced, untreated HCC Atezolizumab + cabozantinib vs. Anti-PD-L1 antibody + VEGFR2/c-MET inhibitor PFS; OS
sorafenib vs. cabozantini
Durvalumab 02519348 Phase 11/433 Advanced HCC, immunotherapy-naive  Durvalumab +Bevacizumab Anti-PD-L1 antibody + anti-VEGF antibody AEs; DLTs
03970616 Phase Ib/ll/42  Advanced, untreated HCC Durvalumab + tivozanib Anti-PD-L1 antibody + VEGFR1/2/3 inhibitor TEAEs
03539822 Phase 1b/30 Advanced or locally unresectable gas-  Durvalumab + cabozantinib Anti-PD-L1 antibody + VEGFR2/c-MET inhibitor MTD
trointestinal cancer including HCC
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Avelumab
Dual ICBs

03289533 Phase Ib/22
04039607 Phase I1l/1,084
01968109 Phase I/lla/1,500
01658878 Phase I/11/1,097
03298451 Phase 1l/1,324
(HIMALAYA)

02519348 Phase 11/433
03638141 Phase 11/30

ICB + cytokines inhibitor

ICB + locoregional therapy
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02423343 Phase Ib/Il/75
03695250 Phase I/11/23
04050462 Phase Il/74
03033446 Phase Il/40
03380130 Phase 11/40
04268888 Phase I1/111/522
03572582 Phase 11/49
04340193 Phase I1l/765
(CheckMate74W)

03753659 Phase 11/30
04246177 Phase I1l/950
03316872 Phase 11/30
03638141 Phase 11/30
03778957 Phase 11l/600
03482102 Phase Il/70
04167293 Phase II/11//116
04220944 Phase 1/45
03864211 Phase I/1l/120
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Locally advanced or metastatic HCC

Advanced, treatment-naive HCC

Advanced, untreated solid tumors
including HCC

Advanced HCC not eligible for curative
surgery and locoregional therapies

Advanced, untreated HCC

Advanced HCC

Intermediate stage HCC without vascu-
lar invasion and metastasis

Advanced solid tumors including HCC
Advanced HCC
Advanced HCC

Advanced HCC

Advanced HCC

Intermediate stage HCC
Intermediate stage HCC
Intermediate stage HCC

Early HCC without portal vein invasion
and extrahepatic metastasis

Locally advanced HCC

Advanced HCC with disease progres-
sion after sorafenib

Intermediate stage of HCC

HCC ineligible for resection or trans-
plantation

Advanced hepatobiliary tumors Includ-
ing HCC

HCC with portal vein invasion

Advanced HCC ineligible for curative
therapy
Advanced HCC ineligible for curative
therapy

Avelumab + axitinib

Nivolumab + ipilimumab vs.
sorafenib or lenvatinib

Nivolumab + relatlimab

Nivolumab + ipilimumab

Durvalumab + tremelimumab vs.
sorafenib

Durvalumab + tremelimumab

Durvalumab + Tremelimumab + TACE

Nivolumab + galunisertib
Nivolumab + BMS-986205

Nivolumab + cabiralizumab/BMS-
986253 vs. nivolumab

Nivolumab + Yttrium-90 radioembo-
lization

Nivolumab + Yttrium-90 radioembo-
lization

Nivolumab + TACE vs. TACE
Nivolumab + TACE

Nivolumab + ipilimumab + TACE vs.
Nivolumab + TACE vs. TACE

Pembrolizumab + RFA/MWA/TACE

Pembrolizumab + lenvatinib + TACE
vs. TACE + placebo

Pembrolizumab + stereotactic body
radiotherapy

Durvalumab tremelimumab + TACE

Durvalumab + bevacizumab + TACE
vs. Durvalumab + TACE vs. TACE

Durvalumab + tremelimumab +
radiation Therapy

Sintilimab + stereotactic body radio-
therapy vs. radiotherapy

Sintilimab + TACE + MVA

Toriplimab + RFA/WMA vs. toriplimab

Anti-PD-L1 antibody + VEGFR1/2/3 inhibitor

Anti-PD-1 antibody + anti-CTLA-4 antibody

Anti-PD-1 antibody + anti-LAG-3 antibody

Anti-PD-1 antibody + anti-CTLA-4 antibody

Anti-PD-L1 antibody + anti-CTLA-4 antibody

Anti-PD-L1 antibody + anti-CTLA-4 antibody

Anti-PD-L1 antibody + anti-CTLA-4 antibody
+ TACE

Anti-PD-1 antibody + TGFBR1 inhibitor
Anti-PD-1 antibody + IDO1 inhibitor

Anti-PD-1 antibody + CSF1R inhibitor/IL-8
inhibitor

Anti-PD-1 antibody + radioembolization

Anti-PD-1 antibody + radioembolization

Anti-PD-1 antibody + TACE
Anti-PD-1 antibody + TACE

Anti-PD-1 antibody + anti-PD-L1 antibody +
TACE

Anti-PD-1 antibody + ablation or TACE

Anti-PD-1 antibody + multiple kinases inhibitor

+ TACE
Anti-PD-1 antibody + radiotherapy

Anti-PD-L1 antibody + anti-CTLA-4 antibody
+ TACE

Anti-PD-L1 antibody + anti-VEGF antibody +
TACE

Anti-PD-L1 antibody + anti-CTLA-4 antibody +
radiation

Anti-PD-1 antibody + radiotherapy

Anti-PD-1 antibody + TACE + ablation

Anti-PD-1 antibody + TACE/ablation

TEAEs

0S
AEs, ORR-1, DCR,

DOR

AEs, ORR-1
0s

AEs, dose limit-
ing toxicities
ORR-1

MTD

AEs, ORR-1

ORR-1

ORR-1

AEs

0s, TTP
ORR-1
0s, TTP

ORR-1

PFS, 0S

ORR-2

ORR-1

PFS

ORR-2

PFS

PFS

AEs, ORR-2
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04483284 Phase 11/60 Advanced HCC ineligible for curative
therapy
04479527 Phase II/56 Advanced HCC ineligible for curative

therapy

Camrelizumab + TACE

Camrelizumab + apatinib + TACE +
HAIC

Anti-PD-1 antibody + TACE

Anti-PD-1 antibody + VEGFR2 inhibitor +

embolization and chemotherapy

PFS

PFS

AEs, adverse events; CSF1R, colony stimulating factor-1 receptor; DCR, disease control rate; DOR, duration of response; DLTs, dose limiting toxicities; HAIC, hepatic arterial infusion chemotherapy; IDO1, indoleamine-2,3-dioxygenase 1; MTD,
maximum tolerated dose; MVA, microwave ablation; ORR-1, objective response rate; ORR-2, overall response rate; OS, overall survival; PFS, progression-free survival; RFA, radiofrequency ablation; TACE, transcatheter arterial chemoemboliza-
tion; TEAE, treatment-emergent adverse event; TGFBR1, transforming growth factor-beta receptor type 1; TRAESs, treatment-related adverse events; TTP, time to progression.

Table 3. Clinical trials of immune checkpoint inhibitors as neoadjuvant and adjuvant therapy

NCT number

Phase/
participants

Disease condition

Intervention regimens

Intervention type

Primary endpoints

ICBs as neoadjuvant therapy
03869034

04174781
03337841
04224480

04425226

03510871

04123379

04035876

ICBs as adjuvant therapy
03383458 (CheckMate9DX)
03867084 (KEYNOTE-937)
03859128

03847428

04102098 (IMbrave050)

Phase Il/40

Phase Il/61
Phase 1l/50
Phase I/45

Phase 11/192

Phase 1l/40

Phase II/50

Phase I/11/120

Phase I1I/530
Phase I1I/950
Phase I/11l/402

Phase 11I/888

Phase I1l/662

Locally advanced HCC with curative potential for
resection

HCC with BCLC stage A/B; beyond Milan criteria
HCC eligible for resection or ablation
HCC eligible for resection

HCC beyond Milan Criteria before transplant

Locally advanced HCC with curative potential for
resection

Resectable tumors including HCC

HCC patients before transplantation

HCC with high recurrence risk after curative therapy
HCC after curative resection or ablation

Locally advanced HCC with high recurrence risk
after curative resection

HCC with high recurrence risk after curative therapy

HCC with high risk of recurrence after curative
therapy

Sintilimab + TAl vs. TAI

Sintilimab + TACE
Pembrolizumab

Pembrolizumab

Pembrolizumab + lenvatinib
vs. no intervention

Nivolumab + ipilimumab

Nivolumab + BMS-813160/
BMS-986253

Camrelizumab + apatinib

Nivolumab vs. placebo
Pembrolizumab vs. placebo
Toripalimab vs. placebo

Durvalumab + bevacizumab
vs. placebo

Atezolizumab + bevacizumab
vs. active surveillance

Anti-PD-1 antibody + chemotherapy

Anti-PD-1 antibody + chemotherapy
Anti-PD-1 antibody
Anti-PD-1 antibody

Anti-PD-1 antibody + multiple
kinases inhibitor

Anti-PD-1 antibody + anti-CTLA-4
antibody

Anti-PD-1 antibody + CCR2/5-
inhibitor or IL-8 inhibitor

Anti-PD-1 antibody + anti-VEGFR2
inhibitor

Anti-PD-1 antibody
Anti-PD-1 antibody
Anti-PD-1 antibody

Anti-PD-L1 antibody + anti-VEGF
antibody
Anti-PD-L1 antibody + anti-VEGF
antibody

PFS

PFS
RFS

Recurrence rate, CD8+Ki67+
T cells ratio

RFS

Percentage of subjects with
tumor shrinkage

Major pathologic response,
Significant tumor necrosis

ORR, RFS

RFS
RFS, 0S
RFS

RFS

RFS

AEs, adverse events; BCLC, Barcelona clinic liver cancer; ORR, objective response rate; OS, overall survival; PFS, progression-free survival; RFA, radiofrequency ablation; RFS, recurrence-free survival; TACE, transcatheter arterial chemoemboli-
zation; TAI, transarterial infusion chemotherapy.
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reverse transcriptase (hTERT), are expressed
by most HCC cells, but not specific to HCC.
Those TAAs-based cancer vaccines were tested
in a relatively small population. In a phase |
trial of GPC-3 peptide vaccine on 33 HCC
patients, only one patient showed a partial
response [80]. In another study, 40 patients
with advanced HCC vaccinated with a telo-
merase-derived peptide showed no specific
immune responses [81]. In another hand,
DC-based cancer vaccine seemed to be theo-
retically competitive with antigen-presenting
cells plus tumor antigens. However, a phase
Il study using DCs-based HCC vaccines (DCs
combined with tumor lysate) were testified
and a limited response was observed [82].
Another phase I/Il study using DCs plus a com-
bination of a-fetoprotein, glypican-3 and MAGE-
1 also showed only one patient (a total of 5
advanced HCC patients) had clinical response
[83]. TAAs are usually not limited to tumor cells
but also expressed in normal tissues, which
deteriorate the immunogenic efficacy and
induce possible severe side effects. In such
case, identifying neoantigens individually
should be taken to improve cell specificity and
foster anti-cancer immunotherapy more pre-
cisely. Neoantigens-related cancer vaccines
have been tested in a few human cancers
and showed encouraging preliminary results
[84]. Relative high costs and complex vaccine
preparation make neoantigen-based vaccine
currently not feasible for a large population.
Studies on efficacy of neoantigen vaccine in
HCC patients are now lacking, probably due
to a relatively low tumor mutation burden
and great intratumoral heterogeneity. Though
results from cancer vaccine are not satisfying,
combination immune therapy may lead to bet-
ter tumor control. In vivo experiment showed
combination of ICIs and cancer vaccine result-
ed in enhanced antitumor effects [85]. In
a phase |l clinical trial, tumor-specific vaccine
combined with immune checkpoint blockades
seemed to prolong overall survival in patients
with human papillomavirus-related cancers
yet warrant further evidence from randomiz-
ed clinical trials [86]. Cancer vaccines as adju-
vant therapy after HCC curative resection are
also being explored and only show promising
results in some selected patients [87, 88].
Development of effective tumor vaccines
still warrants further preclinical and clinical
studies.
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Adoptive cell therapy

Adoptive T-cell therapy (ACT) has been widely
investigated in several types of tumors includ-
ing HCC. Cytokine-induced Killer cells (CIKs)
and TILs are now commonly used in ACT. It
involves isolation and ex vivo expansion of
tumor antigen-specific T cells, those cells are
then infused into patients with cancer to gener-
ate antitumor activity. A study involved 150
HCC patients underwent curative resections
showed autologous tumor-infiltrating lympho-
cytes infusion significantly improved recur-
rence free time compared to the control group,
though overall survival did not differ significant-
ly [89]. Due to requirement of IL-2 and pretreat-
ment of lymphodepletion, TILs therapy has
apparent toxicity and has limited application.
CIKs can be generated from peripheral blood
mononuclear cells and cultured in the absence
of IL2. More evidence has yielded from studies
using CIKs as adjuvant treatment in postopera-
tive patients. A study on 410 postoperative
patients showed that adjuvant ClKs-based
ACT prolonged overall survival in patients with
tumors larger than 5 cm, while no survival ben-
efit was observed in patients with tumors less
than 5 cm [90]. In a phase Il randomized trial
including 230 HCC patients who received cura-
tive therapy, survival benefit and safety of CIKs
were evaluated. Compared to controls, patients
treated with CIK had markedly increased RFS
(median RFS: 44.0 months vs. 30.0 months,
P=0.01). There was higher frequency of ad-
verse effects in ACT group, while no significant
difference in grade 3 or 4 adverse events was
observed between groups [91]. Overall, the
safety and efficacy of ACT as adjuvant therapy
for HCC still need to be further investigated in
an expanded population.

CAR-T cells therapy

Chimeric antigen receptor-engineered T cells
(CAR-T) therapy has produced promising results
in human cancers especially in hematologic
malignancies. For example, CD19-targeted
CAR T therapy has yielded remarkable potency
in leukemia and lymphoma [92]. CAR compris-
es a single-chain variable fragment (scFv) of
antibody that targets tumor associated anti-
gens, attached to intracellular T-cell signaling
domains of the T-cell receptor. Autologous T
cells which express CARs are then infused into
patients and specifically recognize tumor cells
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expressing targeted tumor antigen. On-target
off-tumor toxicity is the main problem due to
low expression of tumor-associated antigen on
normal cells. These side-effects were reported
to significantly decrease using a co-stimulatory
CAR [93] or by optimizing CAR affinity by light-
chain exchange method [94].

CAR T therapy has recently been studied in
HCC. In mouse models, T cells with a CAR spe-
cific for HBV envelope proteins can remarkably
suppress liver HBV replication with limited side
effects [95]. Among HCC tumor-associated
antigens, AFP, CEA, Glypican-3 (GPC3), CD133
are potential candidates for CAR T therapy.
Glypican-3 (GPC3) is widely expressed by HCC,
and GPC3-targeted CAR T cells therapy has
yielded promising anti-tumor activity both in
vitro and in vivo [96, 97]. In a phase | study
including thirteen HCC patients, Zhai and col-
leagues tested safety and efficacy of GPC3-
based CAR-T therapy [98]. All patients but one
tolerated well with the therapy. Notably, only
GPC3 CAR-T combined with lymphodepletion
showed antitumor potential, while GPC3 CAR-T
alone did not stop disease progression. Another
phase | trial studied CD133-targeted CAR T
cells for treatment of metastatic HCC [99]. One
of the fourteen HCC patients achieved partial
response, with nine participants remained sta-
ble disease for 3 months. In general, CAR T
therapy has displayed well tolerated adverse
effects but limited clinical benefits for HCC.
Ongoing clinical trials using CAR T cells therapy
are conducting in HCC patients (NCT02723-
942, NCT02395250, NCT03130712, NCTO30-
84380, NCT03146234).

Prospective and conclusions

TIME exerts a strong selection pressure on
HCC, largely leading to HCC evolvement and
recurrence after multiple therapies. Crosstalk
among tumor cells, immune cells, fibroblasts,
endothelial cells, extracellular matrix, and cyto-
Kines and their receptors, contributes to tumor-
igenesis and are impacting tumor progression.
Notably, HCC is a disease with a great variety of
T cells. Various T cells can inhibit or promote
HCC and associate with different survival
(Table 4). T cell mediated immunoreaction is
central in cancer surveillance and clearance.
The mechanism that tips the balance between
immune response and immune tolerance to
foreign antigens are still elusive. Studies are
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needed to reveal the landscape of HCC immune
cells, neo-antigens, and highlight the heteroge-
neity of tumor cells.

Recently, T cell-based immunotherapies have
rapidly changed the treatment prospective for
HCC. Among these strategies, immune check-
point inhibitors are emerging as potential thera-
peutic option for advanced HCC. However, the
survival benefit of immunotherapies for HCC
patients is still limited. Several reasons may
account for the limited efficacy of immunother-
apy in HCC. First, there are multiple immune
regulators that tip the immune balance between
cancer cells and host immune cells, and differ-
ent pathways are implicated in tumor immunity.
The effect of single immunotherapy may not be
enough to result in effective host response.
Secondly, the liver is a relatively immune-
exempt organ that has immunosuppressive
properties. It receives and processes a large
amount of foreign substances via portal sys-
tem and is prone to induce immune tolerance.
This unique feature of liver partially explained
why the efficacy of CIK cells and CAR-T cells in
HCC is not satisfying, and single anti-PD-1 or
anti-CTLA-4 therapy only produce minimal
effect. In fact, studies have demonstrated that
the efficacy of PD-1/PD-L1 inhibitors were
often decreased in cancers with liver metasta-
sis, indicating the threshold of liver for immune
activation was relatively higher than other
organs [100, 101]. Lastly, the conventional bio-
markers were not satisfactory when identifying
HCC patients who may benefit from the immu-
notherapy. For example, nivolumab and pem-
brolizumab were both found to exert greater
efficacy in a prespecified PD-L1-positive popu-
lation with non-small cell lung cancer. However,
there are currently no effective biomarkers for
predicting the effect of immunotherapy in HCC.
Accordingly, several measures can be taken to
improve the potential of therapy that modulat-
ing cancer immunity in HCC. First, combination
of immunotherapy with traditional therapy such
as targeted drugs, radiation therapy or system-
atic chemotherapy, may be promising for
improving patients’ response rates. For exam-
ple, radiation therapy could stimulate neoanti-
gen release and improve immunotherapy in
many cancers. Moreover, boosting neoantigen-
specific T cells has been possible, and has
great potential in improving efficacy of T cell-
based immunotherapy [102]. Combing immu-
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Table 4. Roles of various T cell subsets in HCC

T lymphocytes in HCC: friends and foes

T cell Cell frequency Cell phenotype . . .
- - Effect on disease Possible mechanisms Refs

subtypes Blood Tissue Blood Tissue

CD8* T cell 1 11 Exhausted Exhausted Anti-tumor PD-1"e"CD8* T cells are increased in tumor tissue; High cell [10, 15, 18]
infiltration associates with prolonged survival and lower
recurrence

NKT cell 1 1 - - Tumor-promoting/anti-tumor CD4* iNKT cells inhibit tumor antigen-specific CD8+ T cells [30, 33]
expansion; releasing IFN-y and activate other effector cells

Treg 1 1 Immunosuppressive Immunosuppressive Tumor-promoting Increased Tregs associate with tumor invasiveness and [16, 20]
poor survival

Thi7 cell  [in early HCC 1 IFN-y lacking IFN-y producing Tumor-promoting Increased intratumoral Th17 cells associate with poor [54, 56]
survival

MAIT cell | | Exhausted Exhausted Tumor-promoting Decreased MAIT cells in tumor tissue correlate with more [74]
IL-8; High MAIT cell frequency associates with poor survival

Thi - - -1, IL-2, IL-12, TNF-a, and - Anti-tumor Th1 cells produce IL-2 and IFN-y and favor cellular im- [47, 49]

IFN-y munity

Th2 - - -4, IL-5, IL-10 - Tumor-promoting Immunosuppressive effect via production of I1L-10; Th2 [47-49]
cells were higher in advanced HCC

Th22 1 1 122, IL-6 and IL-1B produc-  IFN-y (-) IL-17 (+) dominating Protective/Tumor-promoting Activation of STAT3 by IL-22 promotes HCC growth; In- [54, 64, 65]

ing; IL-17 (-) and IFN-y (-) creased Th22 cells associate with disease progression
Tfh 1 l Exhausted; decreased IL-21 - Anti-tumor Impaired function of Tfh cell promotes HCC progression [66]
production
Th9 1 1 - - Tumor-promoting Increased tumor infiltrating Th9 cell frequency associates [68]

with shorter disease-free survival

1, increased; |, decreased.
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notherapy with other treatments that target
distinct biological pathways can produce syner-
gistic effects, and may be promising in improv-
ing efficacy of immunotherapy for HCC. Second,
novel biomarkers for HCC immunotherapy
should be explored. Tumor mutation burden,
tumor PD-L1 expression profiles, and circulat-
ing tumor DNA should be further explored to
evaluate the association with efficacy and the
potential in identifying subpopulations who will
benefit from immunotherapy. Comprehensive
analysis of different biomarkers for HCC is a
future direction. High-quality clinical trials are
needed to test and validate the predictive
power of biomarkers. Lastly, a deeper under-
standing of HCC immune microenvironment is
needed for developing more efficient immuno-
therapies, especially focusing on the distinct
roles and trajectories of heterogenous T cells.

HCC is a malignancy with abundant genetic and
epigenetic alterations, leading to great tumor
heterogeneity. The distinct phenotypes of HCC
result in different therapeutic response and
made it difficult for achieving curative intent
with single therapy. Moreover, tumor evolution
that driven by selective stress from systemic
therapies also contributes to tumor recurrence.
Novel immunotherapy regimens may play posi-
tive roles in neoadjuvant and adjuvant treat-
ment, aiming to achieve curative therapy and
reduce recurrence. Of note, the immune-relat-
ed adverse effects are common and can be
serious in some patients, which usually lead
to discontinuation of immunotherapy. Since
immune-related adverse effects have been
shown to be associated with prolonged survival
in several cancers, discontinuation of immuno-
therapy would substantially reduce the anti-
tumor effects. The side effects of immunother-
apy should be closely monitored and properly
handled, in order to avoid life-threatening con-
ditions and intolerance to the treatment.

In conclusion, different subtypes of T lympho-
cytes can be either friends or foes in HCC treat-
ment. Advancing our understandings of the
roles of heterogenous T lymphocytes will help
elucidate the underlying molecular mecha-
nisms and pathogenesis of HCC. Progress of
genome sequencing techniques such as single
cell sequencing will assist in identifying novel
therapeutic targets. Immunotherapies based
on T cells have shown limited but encouraging
efficacy for HCC. More studies should be con-
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ducted to evaluate the effects of different com-
binations and identify the optimal doses and
timing of administration. In addition to enhanc-
ing synergistic effects, combination strategies
should put more emphasis on targets that
lead to immunotherapy resistance. Moreover,
exploring the potential biomarkers for predict-
ing immunotherapy response will help to
improve individualized therapy.
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