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Abstract Inhibitory checkpoint molecules include programmed cell death-1 (PD-1), pro-
grammed cell death ligand-1 (PD-L1), cytotoxic T lymphocyte antigen-4 (CTLA-4), human
endogenous retrovirus-H Long terminal repeat-associating 2 (HHLA2), B7 homolog 4 protein
(B7-H4), T cell membrane protein-3 (TIM-3) and Lymphocyte-activation gene 3 (LAG-3), which
are up-regulated during tumorigenesis. These pathways are essential to down-regulate the im-
mune system by blocking the activation of T cells. In recent years, immune checkpoint blockers
(ICBs) against PD-1, PD-L1, CTLA-4 or TIM-3 has made remarkable progress in the clinical appli-
cation, revolutionizing the treatment of malignant tumors and improving patients’ overall sur-
vival. However, the efficacy of ICBs in some patients does not seem to be good enough, and
more immune-related adverse events (irAEs) will inevitably occur. Therefore, biomarkers
research provides practical guidance for clinicians to identify patients who are most likely
to benefit from or exhibit resistance to particular types of immune checkpoint therapy. There
are two points in general. On the one hand, given the spatial and temporal differential expres-
sion of immune checkpoint molecules during immunosuppression process, it is essential to un-
derstand their mechanisms to design the most effective individualized therapy. On the other
hand, due to the lack of potent immune checkpoints, it is necessary to combine them with
novel biomarkers (such as exosomes and ctDNA) and other anticancer modalities (such as
chemotherapy and radiotherapy).
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Introduction

Tumor immunotherapies are considered to be one of the
most important progress in tumor treatment, mainly
including cancer vaccines, therapeutic antibody, immune
system modulators, adoptive T cell transfer (ACT), and
immune checkpoints blockade.1 A significant advance in
cancer immunotherapy is the discovery of immune check-
point proteins, which are a series of molecules involved in
co-stimulation pathways and coinhibitory pathways in im-
mune responses.2 These molecules include the B7-CD28
family of ligands and receptors, such as CTLA-4, B7-H4,
HHLA2, PD-1/PD-L, B7-H3,3,4 and the other immunoglob-
ulin superfamily members such as LAG-3 and TIM-3.5,6

Inhibitory checkpoint signals can maintain tolerance and
immune homeostasis and protect against immune-
mediated tissue damage.7,8 Furthermore, these inhibitory
checkpoints are key mediators of T cell dysfunction during
cancer progression, preventing effective anti-tumor
immunity.9,10 Given the vital role of immune checkpoints
in the immune system, the research of targeted drugs is
now attracting much more attention. Immune checkpoint
blockers (ICBs) have become the main drugs for the
treatment of melanoma, and these drugs could also be
used as treatments for people with renal cell carcinoma
(RCC), non-small cell lung cancer (NSCLC), urinary maltose
carcinoma, head and neck cancer, ovarian cancer and
various lymphomas. The first approved immunotherapy
drug is Ipilimumab (Yervoy), a cytotoxic T lymphocyte-
associated antigen 4 (CTLA-4) drug. Ipilimumab (Yervoy)
is approved by the US Food and Drug Administration (FDA)
in 2011 for the treatment of advanced melanoma pa-
tients.11 Programmed cell death-1 (PD-1) monoclonal an-
tibodies such as Nivolumab (Opdivo) and Pembrolizumab
(Keytruda) have been approved by the FDA for the treat-
ment of melanoma, Hodgkin Disease, head and neck can-
cer, bladder cancer and non-small cell lung cancer.12,13

Programmed cell death ligand-1 (PD-L1), T cell mem-
brane protein-3 (TIM-3), B7-H3 (CD276), B7-H4 (B7x),
Human endogenous retrovirus-H long terminal repeat-
associating protein 2 (HHLA2) and Lymphocyte activation-
gene-3 (LAG-3) have recently shown great promise in
cancer immunotherapy.14 However, there are still many
important issues to be addressed. First, the coinhibitory
checkpoint could be co-expressed on T cells. Therefore,
combined blockade of the inhibitory receptors PD-1 and
CTLA-4,15 LAG-3 and PD-15 or PD-1 and Tim-36 shows better
tumor clearance than blocking alone. A better under-
standing of the synergistic mechanism between molecular
pathways can effectively predict the resistance caused by
the increase of another immune checkpoint during the
treatment of inhibitors. Second, given the function of
inhibitory checkpoint molecules in the immune system,
immune checkpoint blocking therapy is at risk of immune-
related adverse events (irAEs).16,17 Therefore, it is neces-
sary to identify and prevent the unique irAEs of these drugs
in time to improve the safety of tumor immunotherapy.
This review focuses on the latest knowledge of immune
checkpoints and prospects of potential combinatorial
therapeutic strategies in tumor immunotherapy.

Immune checkpoint

The inhibitory checkpoint is similar to a brake system that
provides an inhibitory signal to the immune system,
blocking activation signals from the T cell costimulatory
receptors and co-stimulators.18 It is expressed after T cell
activation so that the immune system is not overactivated
and remains self-tolerant in the case of infection and
inflammation.19,20 T cell receptor (TCR) interacts with the
major histocompatibility complex (MHC) to transmit the
first signal. The second antigen-independent coinhibitory
signal that protects against excessive immune response
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includes PD-1/PD-L1(PD-L2), CTLA-4/CD80(CD86), CD80/
PD-L1, TIM-3/CEACAM (GAL-9), BTLA-4/HVEM and LAG-3/
MHC. The second antigen-independent costimulatory
signal for T lymphocyte activation includes CD40/CD40L,
CD28/CD80(CD86), OX40/OX40L and CD27/CD70 (Fig. 1). To
achieve an effective anti-tumor immune response, it is
necessary to activate T-cells with tumor-killing effect, then
the activated T-cells to immerse the tumor microenviron-
ment, and finally the activated T-cells to kill tumor cells.21

However, tumors use a variety of strategies to attenuate T-
cell-mediated attacks. An important part of this tumor
escape strategy is the up-regulation of immune inhibitory
mechanisms.22 The expression of immune checkpoint mol-
ecules increased in various cancers and related to the
prognosis of patients.23,24 Subsequently, we will discuss the
details of various immune checkpoints.
Cytotoxic T-lymphocyte-associated protein 4
(CTLA-4)

T cell receptor (TCR) interacts with the antigen peptide
MHC complex to transmit the first signal of T cell activation.
T cell activation also requires the pairing of co-stimulant
molecules. The interaction of CD28 on T cells with either
B7-1 (CD80) or B7-2 (CD86) on antigen-presenting cells
(APCs) delivers the second signal of T cell activation.25

CTLA-4 is a member of CD28-B7 immunoglobulin super-
family and shares about 30% amino acid identity with
CD28.26 In the early stages of T cell activation, CTLA-4 is
upregulated and its expression occurs almost entirely in
CD4þ and CD8þ T cells. CTLA-4 competes with the CD28
receptor for binding to CD80/CD86 ligands and has a
stronger affinity than CD28.27,28 The binding of CTLA-4 to
CD80/CD86 plays a critical role in downregulating T cell
activation and maintaining T cell tolerance (Fig. 2). CTLA-4
signal leads to inhibition of T cell proliferation and reduc-
tion of cytokine secretion.29,30 Besides, CTLA-4 stimulates
the production of TGF-b through B7 and inhibits the process
of antigen presentation by APCs cells. Based on these facts,
CTLA-4-blocking antibodies were developed. Moreover,
preclinical and clinical evidence suggests that the combi-
nation of CTLA-4 with other therapeutic agents can signif-
icantly prolong patient survival with controllable
safety.31,32

The soluble form of CTLA-4 is encoded by a spliced
mRNA transcript of the CTLA-4 gene lacking the trans-
membrane domain.33 Healthy individuals’ serum contains
soluble CTLA-4 (sCTLA-4), but it is higher in autoimmune
diseases and cancer patients. Studies show that sCTLA-4
can bind to CD80/CD86 ligands on APC, which may play a
role in regulating immune homeostasis.34,35 Some data
suggest that a better overall survival is associated with high
CTLA-4 levels, and CTLA-4 antibodies have proven clinically
effective in metastatic melanoma.36 In different tumor
types treated with radiotherapy or chemotherapy, better
OS was also associated with high serum sCTLA-4 levels.37

Maria Pia Pistillo’s study showed that serum sCTLA-4 over-
expression was positively correlated with favorable clinical
outcomes in metastatic melanoma patients under the
treatment of ipilimumab. sCTLA-4 enhances the effect of
ipilimumab, perhaps sCTLA-4 prevents CTLA-4 from binding
to its ligand and promotes tumor immune tolerance.38

Study evidenced sCTLA-4 might be used as a valuable
biomarker for predicting the efficacy of immune checkpoint
blockers (ICBs).
Programmed death-1 receptor (PD-1) and its
ligands (PD-L1/PD-L2)

In 1992, Ishida et al. isolated cDNA of PD-1 and suggested
that the activation of the PD-1 gene may be involved in
classical programmed cell death (apoptosis).39 The study
found that PD-1 is a negative regulator of adaptive immune
responses, expressed on activated T and B lymphocytes,
splenic dendritic cells (DCs), and natural killer (NK)
cells.40,41 PD-1 has two ligands, PD-L1 and PD-L2, also
known as B7-H1 and B7-DC, both of which are type 1
transmembrane glycoproteins. The different expression
patterns of PD-L1 and PD-L2 specifies their different func-
tions. PD-L1 is up-regulated on the surface of activated T
cells, B cells, DCs, macrophages, monocytes, keratino-
cytes, endothelial cells and myoblasts, and also at low
levels in non-lymphoid organs such as the heart, placenta,
Skeletal muscle, lung, liver, spleen and thymus. A few re-
ports reveal that PD-L1 is also expressed and distributed in
tumor stromal cells.42,43 PD-L2 is only expressed in den-
dritic cells, macrophages, monocytes and up-regulated on
the surface of activated T cells, B cells and other tissue-
derived immune cells.44 Therefore, PD-L1 plays a role in
maintaining peripheral tolerance, and PD-L2 plays a role in
the immune response of lymph nodes. Activation of the PD-
1/PD-L1 signaling pathway can inhibit the activity of
effector T cells, thereby preventing the occurrence of
autoimmunity, while in the tumor microenvironment, the
decrease of cellular immunological function can mediate
tumor immune escape. In this way, a variety of malignant
tumors, such as lung cancer, melanoma, gastric cancer,
pancreatic cancer, breast cancer, renal cell carcinoma, can
induce the formation of the immunosuppressive tumor
microenvironment, thereby escaping the body’s anti-tumor
immune response.45e48

In recent years, tumor immunotherapy targeting PD-1:
PD-L1/PD-L2 has made promising progress, but we still need
to conduct in-depth studies on the combined application of
multiple biomarkers. Studies have shown that high
expression of PD-L1 is associated with a better outcome in
non-small cell lung cancer (NSCLC) patients treated with
anti-PD-1 antibodies.49 In clinical trials of melanoma anti-
PD-1 antibodies, tumor patients with PD-L1-positive
expression also had a better prognosis.50,51 Another clin-
ical trial showed that nivolumab combined with ipilimumab
had better survival results than nivolumab monotherapy,
while in patients with PD-L1 �1%, the effect of the two
groups was similar, suggesting that the efficacy of anti-PD-1
antibodies were largely dependent on the expression of PD-
L1.52 Preclinical studies using mouse models have demon-
strated that immune checkpoints such as TIM-3 are upre-
gulated when treated with anti-PD-1 antibody, and it may
result in resistance to anti-PD-1 antibody therapy.53 In this
way, patients evaluation with PD-L1 or TIM-3 as predictors
will achieve better-individualized treatment than direct
application of inhibitor therapy.



Figure 1 T-cell activation and inactivation are multi-signal processes. The immune system needs to maintain an optimal balance
between maintaining self-tolerance and clearing tumor cells. This state is regulated by a range of receptors and ligands. T cell
receptor (TCR) interacts with the major histocompatibility complex (MHC) to transmit the first signal. The second antigen-
independent coinhibitory signal that protects against excessive immune response includes PD-1/PD-L1(PD-L2), CTLA-4/CD80
(CD86), CD80/PD-L1, TIM-3/CEACAM (GAL-9), BTLA-4/HVEM, LAG-3/MHCll (LSECtin) and HHLA2 (TMIGD2). The second antigen-
independent costimulatory signal for T lymphocyte activation includes CD40/CD40L, CD28/CD80(CD86), OX40/OX40L and CD27/
CD70.

Figure 2 The TCR interacts with the antigen peptide MHC complex to transmit the first signal of T cell activation. T cells
activation also requires paired stimulatory molecules. The interaction of CD28 on T cells with either B7-1 (CD80) or B7-2 (CD86) on
APC has been shown to transmit the second signal of T cell activation. The interaction of CD40L on T cells with CD40 on tumor cells
has also been shown to transmit the second signal of T cell activation. With the continuous stimulation of tumor antigen on T cells,
CTLA-4 is expressed on the surface of T cells. It competes with the CD28 receptor for binding to CD80/CD86 ligands and has a
stronger affinity than CD28. CTLA-4 binding to CD80/CD86 inhibits the activation and proliferation of T cells, induces T cell
apoptosis, and leads to the immune escape of cancer cells.
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The detectable soluble PD-L1 (sPD-L1) in the blood is
derived from the alternative variants of the PD-L1 tran-
scripts and may be related to ICBs-mediated anti-tumor
response cytokines such as IFN-a, IFN-g, or TNF-a.54,55

Studies have shown that elevated plasma sPD-L1 levels
are associated with less clinical benefit in NSCLC patients
treated with nivolumab. The results showed that patients
with low plasma sPD-L1 levels achieved complete or partial
response in a larger proportion than those with high plasma
sPD-L1 levels. Besides, patients with low plasma sPD-L1
levels developed the progressive disease in a lower pro-
portion than those with high plasma sPD-L1 levels.56 Wang
L’s study showed that plasma sPD-L1 levels may predict the
treatment response and survival outcome in multiple
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myeloma (MM) patients, and the overall response rate of
patients with low sPD-L1 was higher than that of patients
with high sPD-L1 level.57 In patients with clear cell renal
cell carcinoma (ccRCC), higher sPD-L1 levels are associated
with increased risk of death, larger tumors, and tumor
grade.58 It is speculated that sPD-L1 may damage the host’s
immune system, thereby promoting cancer progression and
poor clinical outcomes. Therefore, plasma sPD-L1 levels
may be a valuable biomarker for predicting the ICBs
treatment response.

The tumor-derived fragment DNA in the blood is called
circulating tumor DNA (ctDNA), and it is speculated to be
associated with the passive release of dead cells and the
active release of living cells.59,60 Some studies suggested
that ctDNA could be a useful marker of ICBs treatment
progress. It has been reported that melanoma patients
with continuously elevated ctDNA during the treatment of
anti-PD-1 antibodies have worse responses. The level of
ctDNA can be used as a valuable biomarker for identifying
pseudoprogression and actual progression during the
treatment of ICBs.61,62 Tumor mutational burden is related
to the efficacy of checkpoint inhibitor therapy. The
hypermutated state assessed by ctDNA correlates with
better outcomes, which may be an increased immunogenic
neoantigen produced by a hypermutated genome, thereby
enhancing the chance of response.63 In recent years,
exosomes have been used as biomarkers for predicting
clinical response. Exosomes are vesicles of 40e100 nm in
diameter released by various cells, which contain pro-
teins, RNA and DNA.64 Exosomes not only transfer mem-
brane components but also have intercellular
communication (Fig. 3). PD-L1 in exosomes released by
cancer cells inhibits T cell activity by signaling via PD-1,
and its level is up-regulated by IFN-g.65 Exosomes PD-L1
are associated with the response of melanoma patients
to pembrolizumab and are significantly elevated in pa-
tients who are not responding to anti-PD-1 therapy.66

Tucci et al. investigated the levels of exosome from both
T-cells and the relative expression of PD-1 in metastatic
Figure 3 The exosome is a membranous vesicle with a diameter
matrix by the fusion of multiple intracellular vesicles with the cell
but also have intercellular communication. The exosome is produce
cells are generous producers of the exosome. Exosomes can car
microRNAs. These molecules can regulate cells in a variety of way
melanoma patients treated with ipilimumab. They
demonstrated that higher levels of PD-1 by exosome were
significantly associated with improved overall survival (OS)
in metastatic melanoma population.67 Studies show that
exosomes containing various immune-related proteins,
including PD-1, PD-L1, and CTLA-4, which may reflect
potential T cell activity and serve as biomarkers for ICBs
therapeutic responses.
T cell immunoglobulin domain and mucin domain 3
(TIM-3)

TIM-3, discovered by Kuchroo and colleagues in 2002, plays
an important role in the induction of autoimmune dis-
eases.68 In humans, Tim-3 is expressed on activated CD4þ
and CD8þ T cells, peripheral blood monocytes, macro-
phages, NK cells, and some APCs. The ligands for TIM-3
include galectin-9, ceacam-1, high mobility group box-1
(HMGB-1) and phosphatidylserine.69 Inna M. Yasinska
et al. demonstrated that the Tim-3/galectin-9 pathway
may have an inhibitory effect on host anti-cancer immune
surveillance in breast cancer and other types of cancer.70

TIM-3 levels increased during ipilimumab treatment and
were associated with overall survival (OS) in melanoma
patients. Melanoma patients with lower expression of
inhibitory receptor TIM-3 had higher survival rates.71 Guli-
danna Shayan et al. have confirmed that Tim-3 is up-
regulated from persistently growing tumors in TIL with
partial response to PD-1 therapy. This provides further
support for a dual-targeted blockade of immunological
checkpoints, such as rationally combined with blockade of
Tim-3 and anti-PD-1 antibody therapy to achieve more
effective cancer immunotherapy.72 Soluble Tim-3 (sTIM-3)
is derived from the product of Tim-3 shed by the ADAM 10/
17 proteolytic enzymes. Isabel Gonçalves Silva’s study
showed that sTim-3 could bind to target proteins and
attenuate IL-2 production, thereby reducing the anti-
cancer activity of T lymphocytes.73
of about 60e100 nm, which is released into the extracellular
membrane. Exosomes not only transfer membrane components
d by all types of cells under physiological conditions, but tumor
ry DNA, mRNA, lncRNAs, immune checkpoint molecules, and
s after being transferred to target cells.
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Lymphocyte-activation gene 3 (LAG-3)

Lymphocyte-activation gene 3 (LAG-3) is a novel trans-
membrane protein discovered in the 1990s, which has a
similar domain structure and 20% sequence homology with
an affinity 100 times higher than CD4.74,75 LAG-3 expressing
cell mainly was natural killer cells (NK), activated T cells,
peripheral Tregs, and tumor-infiltrating lymphocytes.76,77

LAG-3 interacts with major histocompatibility complex 2
(MHC class II) expressed on APC and sinusoidal endothelial
cell lectin (LSECtin) expressed in several tumor subtypes,
which may result in down-regulation of immune
response.78e80 Studies have shown that LAG-3 and PD-1
inhibition pathways have synergistic effects to promote
immune tolerance, T cell dysfunction, and T cell exhaus-
tion.81,82 Hence, a combination of anti-LAG3 antibodies
with anti-PD-1 antibodies is a promising cancer treatment
strategy compared with single immunological checkpoint
treatment.83 It has been reported that anti-LAG-3
(BMS986016) plus anti-PD-1 (nivolumab) combination im-
proves the therapeutic effect of the melanoma population
resistant to PD-1 therapy.84 In particular, soluble LAG-3
(sLAG-3), unlike LAG-3, can cause DCs to mature and
attack tumor cells. Frédéric Triebel’s findings suggest that
high levels of serum Th1 activity marker sLAG-3 may be
associated with increased survival in certain subpopulations
of breast cancer patients.85

Human endogenous retrovirus-H long terminal
repeat-associating 2 (HHLA2)

As a member of the B7 family, HHLA2 plays an important
role in T cell proliferation and cytokine production. Ruihua
Zhao’s research found that HHLA2 reduced the production
of IFN-g, TNF-a, IL-5, IL-10, IL-13, IL-17A, and IL-22.86 In
humans, HHLA2 is expressed on monocytes and induced on
B cells after stimulation with IFN-g.86 HHLA2 interacts
with transmembrane and immunoglobulin domain con-
taining 2 (TMIGD2) (expressed on naı̈ve T cells as well as
dendritic cells, monocytes, and B cells), which may result
in down-regulation of immune response.87 HHLA2 and
TMIGD2 are both absent in mice but present in humans and
primates. HHLA2 expression is limited in normal tissues
and is only expressed in epithelial cells in some tissues.
However, HHLA2 is highly expressed in most malignant
tumor tissues. Koirala P et al. have confirmed that HHLA2
is expressed in the majority of osteosarcoma. Osteosar-
coma patients with higher expression of T cell co-
inhibitory HHLA2 are associated with metastatic disease
and poorer survival.88 Studies have shown that the HHLA2
may play an important role in lung cancer, especially in
tumors that are PD-L1-negative or escape PD-1/PD-L1
blockade.89 HHLA2 may become a new target for cancer
therapy, but its expression and receptor recognition need
to be further studied.

B7 homolog 3 protein (B7-H3)

B7 homolog 3 protein (B7-H3) is a novel transmembrane
protein discovered by Lieping Chen in 2001.90 However, the
B7-H3 binding partner is still unknown. One study has found
that B7-H3 activates tumor-specific cytotoxic T lympho-
cytes (CTL), thereby enhancing anti-tumor immunity.91

Another group argues that B7-H3 inhibits the function of T
cells and NK cells, and reduces IL-2, IL-12, and IFN-g,
thereby causing tumor immune escape.92 Hence, B7-H3
expressed on T cells, NK cells and APC has a dual role, it is a
negative regulator of adaptive immune responses with a
partial co-stimulation.92 Xingxing Zang’s study showed that
strong B7-H3 expression on prostate cancer tumor cells is
associated with an increased risk of clinical cancer recur-
rence and cancer-specific death.93 In patients with non-
small cell lung cancer (NSCLC), higher B7-H3 protein
levels are also associated with poor survival.94 Most studies
suggest that B7-H3 expression is associated with poor
prognosis although it has a partial costimulatory function.
The detectable soluble B7-H3 (sB7-H3) in serum/plasma is
derived from the release of monocytes, DCs, activated T
cells, and various mB7-H3þ carcinoma cells. It is speculated
that sB7-H3 may as an active form affect celle-cell in-
teractions by binding to the B7-H3 receptor (B7-H3R) on
activated T cells.95 However, whether sB7-H3 can be used
as a valuable predictive biomarker needs further research.
Currently, a phase I study of enoblituzumab (a mAb reactive
to B7-H3) is underway. It enhances the antitumor function
in patients whose tumors overexpress B7-H3 through
effective antibody-dependent cell-mediated cytotoxicity
(ADCC).
B7 homolog 4 protein (B7-H4)

B7-H4 (also known as B7S1, B7x) is a negative checkpoint
ligand, and its putative receptor may be expressed on
activated human T cells. Study finds that B7-H3 inhibits T
cell proliferation and cytokine production by arresting cell
cycle progression of T cells at a relatively early stage.96

Although B7-H4 mRNA is expressed in most tissues, B7-H4
protein is predominantly detected in tumor cells of human
cancer tissues (such as renal cell carcinoma, melanoma,
and kidney cancer).97,98 Studies have shown that high
expression of B7-H4 is correlated with poor prognosis in
patients with renal cell carcinoma and prostate cancer, and
may become a valuable prognostic marker against
them.93,99 Lei Wu et al. demonstrate that in patients with
oral squamous cell carcinoma, higher B7-H4 expression is
associated with poor patient outcome and pathological
features. Their research data also indicate that B7-H4 may
be a novel target for molecular targeted therapy.100 In
patients with renal cell carcinoma and ovarian cancer,
soluble B7-H4 (sB7-H4) can be detected in serum/plasma,
which can partially inhibit the production of allogeneic
cytolytic T cells (CTL) in vitro.100e102 Several studies
showed that serum sB7-H4 overexpression was correlated
with poor clinical outcomes in non-small cell lung cancer,
hepatocellular carcinoma and osteosarcoma.103e105 Serum
sB7-H4 has proven to be a valuable prognostic marker for
patients with non-metastatic clear cell renal cell carci-
noma.106 Currently, phase 1a/1b clinical trial study of
FPA150 (first-in-class B7-H4 antibody) is underway. It en-
hances the antitumor function in patients whose tumors
overexpress B7-H4 through effective antibody-dependent
cell-mediated cytotoxicity (ADCC).
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Immune checkpoint blockers(ICBs)

Cytotoxic T-lymphocyte-associated antigen (CTLA)-
4 blockade

Ipilimumab (Yervoy), a fully humanized IgG1kappa mono-
clonal antibody, has a high-affinity binding to the extra-
cellular domain of CTLA-4. Different from ipilimumab,
tremelimumab is an IgG2kappa monoclonal antibody. Ipili-
mumab and tremelimumab bind to the same region on
CTLA-4 with similar binding affinity, and there is no sub-
stantial difference in preclinical data between the two
drugs.107 They blockade the interaction between CTLA-4
and B7-1 (or B7-2), thereby restoring conventional T cell
reactivity toward the malignant cell (Fig. 4). On October
28, 2015, ipilimumab is approved by the FDA for the
treatment of resected stage III melanoma and advanced
unresectable melanoma (Fig. 5).108 Multiple studies have
shown that the clinical activity of ipilimumab in combina-
tion therapy is encouraging. James Larkin’s study found
that combinations of nivolumab and ipilimumab for mela-
noma had longer progression-free survival and higher
objective response rates than ipilimumab alone. Results:
the median progression-free survival was 11.5 months for
nivolumab combined with ipilimumab, 2.9 months for ipi-
limumab alone, and 6.9 months for nivolumab alone.109

Besides, clinical trials of ipilimumab for renal cell carci-
noma, prostate cancer, urothelial carcinoma, and ovarian
cancer are underway. In the ongoing phase 3, nivolumab
Figure 4 Anti-CTLA-4 monoclonal antibodies have a very
high affinity for CTLA-4, which reduce T cell exhaustion and
reinvigorate the anti-tumor response by blocking the interac-
tion between inhibitory receptors CTLA-4 on effector T cells
and its ligands B7-1 (CD80) and B7-2 (CD86) on APC. Anti-PD-1
monoclonal antibodies bind to PD-1 with high affinity, blocking
its interactions with PD-L1(B7-H1) and PD-L2 (B7-DC).
combined with ipilimumab is more effective than sunitinib
in treating advanced renal cell carcinoma, with higher
overall survival and lower incidence of immune-related
adverse events.110,111 On April 16, 2018, the FDA
approved the combination of nivolumab and ipilimumab for
the treatment of advanced renal cell carcinoma (Fig. 5).111

H-J J Lenz’s research results suggested that low-dose ipi-
limumab plus nivolumab had promising clinical efficacy and
tolerance as first-line therapy for patients with microsat-
ellite instable-high (MSI-H) or mismatch repair-deficient
(dMMR) metastatic colorectal cancer (mCRC).112 On July
11, 2018, the combination of nivolumab and ipilimumab
were approved by FDA for the treatment of MSI-H/dMMR
mCRC which would progress after chemotherapy (Fig. 5).
Programmed death (PD-1) blockade

Nivolumab (Opdivo), a completely human immunoglobulin
(Ig) G4 monoclonal antibody that binds PD-1 with high af-
finity and blocks its interactions with both PD-L1(B7-H1)
and PD-L2 (B7-DC)113(Fig. 4). Nivolumab has good anti-
tumor activity and a favorable safety profile. Caroline
Robert’s study shows that nivolumab has a promising effect
in treating patients with metastatic melanoma who have no
BRAF mutations. The results showed that compared with
BRAF inhibitors (dacarbazine), the median progression-free
survival of the nivolumab group was 5.1 months and the
objective response rate was 40.0%, while the median
progression-free survival of the dacarbazine group was 2.2
months and the objective response rate was 13.9%.114,115

On December 22, 2014, Nivolumab was approved by the
FDA for the treatment of unretractable or metastatic
advanced melanoma (Fig. 5).113 However, BRAF mutations
are widely present in metastatic melanoma and have a low
response rate in the treatment of BRAF inhibitor mono-
therapy. Currently, there is clinical evidence that BRAF
inhibitors, such as dacarbazine, can be combined with
checkpoint blockade.116 In the preclinical model, signifi-
cant synergistic effects in inhibiting melanoma growth were
observed not only in the triple combination of dabrafenib,
trametinib, and anti-PD-1 treatment but also in the com-
bination of dabrafenib or trametinib plus anti-PD1 ther-
apy.117 On January 13, 2016, the FDA approved the
combination of nivolumab and ipilimumab for the treat-
ment of BRAFV600 wild-type and BRAFV600 mutation-
positive unresectable or metastatic melanoma (Fig. 5).
Nivolumab was approved by the Food and Drug Adminis-
tration (FDA) for patients with melanoma, non-small cell
lung cancer (NSCLC), renal cell carcinoma (RCC), hepato-
cellular carcinoma (HCC), classical Hodgkin’s lymphoma,
head and neck squamous cell carcinoma (HNSCC), meta-
static urothelial carcinoma (UC) and MSI-H/dMMR
mCRC118e121 (Table 1). Among these indications, nivolu-
mab and ipilimumab are combined in patients with MSI-H/
dMMR mCRC who have progressed after chemotherapy,
medium-high risk advanced renal cell carcinoma and
BRAFV600 mutation-positive melanoma. On June 15, 2018,
Opdivo was launched in China, becoming the first PD-1
therapy on the market in China.

Pembrolizumab (Keytruda) is a potent, highly selective,
fully humanized IgG4 isotype antibody against PD-1 with



Figure 5 Timeline diagram of FDA-approved immune checkpoint drugs. Abbreviations: renal cell carcinoma (RCC); gastric cancer
(GC); non-small Cell Lung Cancer (NSCLC); metastatic Merkel cell carcinoma (mMCC); locally advanced or metastatic (LA/M); non-
squamous non-small cell lung cancer (ns-NSCLC); adenocarcinoma of the esophagogastric junction (AEG); cervical cancer (CC);
primary mediastinal large B-cell lymphoma (PMBCL); urothelial carcinoma (UC); classic Hodgkin lymphoma (cHL); hepatocellular
carcinoma (HCC); metastatic melanoma (mMEL); squamous cell carcinoma of the head and neck (SCCHN); wild-type (WT); unre-
sectable or metastatic (M/UR).
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excellent safety, tolerance, and effectiveness.122 The anti-
PD-1 antibodies not only has significant antitumor activity
in patients with advanced melanoma, lung carcinoma, and
hematologic malignancies but also has an acceptable side-
effect profile.123 At present, PD-1 combined with chemo-
therapy has a promising performance in the treatment of
many types of tumors. In the phase 2 trial, adding pem-
brolizumab to chemotherapy significantly increased the
response rate and prolonged progression-free survival
compared with chemotherapy alone.49 Pembrolizumab was
approved by FDA for patients with metastatic advanced
melanoma, metastatic NSCLC, metastatic HNSCC, meta-
static urothelial carcinoma (UC), advanced cervical cancer,
metastatic gastric cancer with PD-L1 positive, primary
Table 1 Overview of the included studies and immune checkpo

Target ICBs Trade name FDA approved indications

CTLA-4 Ipilimumab Yervoy Resected stage III melano
PD-1 Nivolumab Opdivo Melanoma, non-small cel

hepatocellular carcinoma
squamous cell carcinoma
and microsatellite instab
metastatic colorectal can

Pembrolizumab Keytruda Metastatic advanced mel
advanced or metastatic U
with PD-L1 positive, prim
solid tumors.

PD-L1 Atezolizumab Tecentriq Locally advanced or meta
platinum-based chemothe

Durvalumab Imfinzi Locally advanced or meta
progression after a platin

Avelumab Bavencio Adults and pediatric pati
Merkel-cell carcinoma (M
mediastinal B-cell lymphoma (PMBCL) and MSI-H/dMMR
solid tumors33,124e127 (Table 1). Pembrolizumab is the first
anti-PD-1 inhibitors approved in the United States and is
eligible for the FDA’s “breakthrough therapeutic”.
Programmed death-ligand 1 (PD-L1) blockade

Atezolizumab (Tecentriq) is a high-affinity, fully human
IgG1 monoclonal antibody that inhibits the interaction of
PD-L1 with both PD-1 and CD80 receptors on the surface of
tumor cells and tumor-infiltrating myeloid cells.128 By
blocking the PD-L1/PD-1 pathway, atezolizumab can
reduce T cell exhaustion and downstream inhibition of
int blockers.

ma and advanced unresectable melanoma.
l lung cancer (NSCLC), renal cell carcinoma (RCC),
(HCC), classical Hodgkin’s lymphoma, head and neck
(HNSCC), metastatic urothelial carcinoma (UC)
le-high (MSI-H) or mismatch repair-deficient (dMMR)
cer (mCRC).
anoma, metastatic NSCLC, metastatic HNSCC, locally
C, advanced cervical cancer, metastatic gastric cancer
ary mediastinal B-cell lymphoma (PMBCL) and MSI-H/dMMR

static UC and metastatic NSCLC with progression on or after
rapy.
static UC and stage III NSCLC who did not have disease
um-based chemotherapy.
ents 12 years and older with metastatic
CC) and locally advanced or metastatic UC.
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cytokines, thereby reinvigorating the anti-tumor response.
In vitro studies have shown that treatment with atezoli-
zumab may cause cytokine changes, including a transient
increase in IL-18, IFNg, and CXCL11, and a transient
decrease in IL-6. Atezolizumab is the first PD-L1 inhibitor
approved by the FDA for metastatic UC and metastatic
NSCLC with progression on or after platinum-based
chemotherapy (Table 1).129,130 Atezolizumab is generally
well tolerated and the possible irAEs are fatigue,
decreased appetite, dyspnea, cough, nausea. Serious irAEs
are rare, including pneumonitis, hepatitis, endo-
crinopathies, and colitis. Based on the severity of these
events, determine whether atezolizumab should be with-
held or discontinued permanently.131 To maximize the
potential of atezolizumab, research should focus on
rational combinatorial therapeutic strategies and potent
biomarkers. Nowadays, many trials of PD-L1 inhibitors in
combination with chemotherapy, radiotherapy, and im-
mune checkpoint inhibitors are underway. Studies have
shown that the addition of PD-L1 inhibitor atezolizumab to
MEK inhibitors cobimetinib and BRAF inhibitor vemurafenib
results in a manageable safety profile and promising anti-
tumor activity in BRAF mutant melanoma patients.132,133

MEK inhibitors and Atezolizumab were combined in the Ib
phase study of patients with microsatellite-stabilized
colorectal cancer, and the results supported the
continued evaluation of the combination.134

Durvalumab (Imfinzi) is a fully-humanized IgG1kappa
monoclonal antibody that blocks the binding of PD-L1 to PD-
1 and CD80 receptors, thereby reducing immunosuppression
signals in the tumor microenvironment and overcoming the
inhibition of T cell activation.135 Durvalumab does not block
the interaction of PD-L2 with PD-1.136 Scott J. Antonia’s
study shows that durvalumab treatment has a longer
progression-free survival than placebo treatment in stage III
non-small cell lung cancer.137 On February 16, 2018, dur-
valumab was certified by the FDA as a breakthrough therapy
for the treatment of stage III NSCLC who did not have dis-
ease progression after a platinum-based chemotherapy
(Fig. 5). However, durvalumab’s response rate was limited
in PD-L1� tumors. David Planchard’s research data suggest
that combined durvalumab and the anti-CTLA-4 antibody
tremelimumab may be beneficial to PD-L1� tumor
patients.138

Avelumab (Bavencio) is a whole monoclonal antibody of
IgG1 that blocking the formation of PD-1/PDL1 ligand pairs.
Unlike most PD-1/PD-L1 antibodies, avelumab has strong
antibody-dependent cell-mediated cytotoxicity (ADCC) ac-
tivity. Due to its powerful ADCC activity, avelumab not only
prevents the immune escape of cancer cells but also me-
diates NK cells to kill cancer cells. Through ADCC’s killing
mechanism, avelumab is less affected by TIM-3 upwards,
theoretically avoiding the switch to other immune check-
point inhibitors due to drug resistance.139 The ongoing
prospective study assessed whether the combination of two
ADCC-induced monoclonal antibodies cetuximab and ave-
lumab could generate beneficial immune effects on meta-
static colorectal cancer (CRC) and metastatic squamous
cell carcinoma of the head and neck (SCCHN).140 In 2017,
Avelumab was approved by FDA for patients with Merkel-
cell carcinoma (MCC) and locally advanced or metastatic
urothelial carcinoma (Fig. 5).141,142
Conclusion

The immune checkpoint is the immune system’s regulator,
which enables the body to maintain self-tolerance while
responding effectively to protects the body against foreign
materials. Many types of tumor cells can escape the elim-
ination of the immune system with the help of inhibitory
checkpoints. Therefore, one of the crucial methods for
treating a wide range of tumors is immunotherapy with
immune checkpoint blockers (ICBs). Immune checkpoint
blockers can “release the brakes” of the immune system,
activate T cell-mediated immune responses, thereby
restoring immune system function. FDA-approved drugs
have shown positive effects on melanoma, non-small cell
lung cancer (NSCLC), head and neck squamous cell carci-
noma (HNSCCA), and renal cell carcinoma (RCC). In recent
years, many preclinical or clinical focuses on cognitive
combination therapy to improve the response rate of ICBs
and reduce immune-related adverse reactions (irAEs).
Studies have shown that these immune checkpoint path-
ways may be relatively unique and non-redundant, which
provides a clinical basis for blocking multiple checkpoints
to enhance anti-tumor immunity. However, given the limi-
tations of tumor heterogeneity and the lack of potent an-
tibodies, biomarkers such as ctDNA and exosome are crucial
to predict the effectiveness of patients in ICBs treatment.
So far, the relevant mechanisms and developed drugs are
only a small part of immunotherapy and need further
research.
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