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A B S T R A C T

Tumor immunotherapy, as a new treatment of cancer, has been developing on the basis of tumor immunology.
Tumor immunotherapy stimulates and enhances the function of immune system in human bodies, in order to
control and kill tumor cells. It is often used as an adjuvant therapy combined with surgery, chemotherapy,
radiotherapy and other conventional methods. Cancer immunotherapies involve cells, antibodies and cytokines,
etc. Some immunotherapies are widely used to activate the immune system, while some others precisely target at
different tumor antigens. With the development of tumor immunotherapy, immune regulation activities of small
molecules and biological agents have been gradually becoming a hot research area these years. In this review, we
summarize the therapeutic targets, drugs, biologics, and their mechanisms in tumor immunotherapies.

1. Introduction

Despite advances have been made in the treatment of cancer, cancer
therapy is always a challenge for human. There are three main forms of
cancer treatment: surgery, chemotherapy and radiation, while these
conventional methods showed many deficiencies. Other treatments are
therefore urgently required, such as immunotherapy which targets and
eliminates malignant cells by activating immune system.

Compared with traditional therapies, the biggest advantage of
tumor immunotherapy is that these drugs do not attack tumor cells
directly, but stimulate and enhance the function of immune system,
which will particularly benefit people whose immune functions have
been damaged by radiation therapy or chemotherapy. Therefore, tumor
immunotherapy is gaining increasing attention in recent years and
shows good potency in treating cancers, which has been recognized as
the fourth mode of cancer therapy all over the world. In this review, we
summarize the therapeutic targets (Fig. 1), drugs, biologics, and their
mechanisms in tumor immunotherapies.

2. Tumors and immune system

Tumor cells will experience interactions with the immune system.
They can avoid the control and destruction of the immune system by a
series of complex and overlapping mechanisms, sequentially damaging

the key components involved in effective anti-tumor response. Similar
to the cellular adaptive immune response targeting infectious agents, T
cells and dendritic cells (DCs) are also involved in anti-tumor immunity
[1].

DC is an important element of the tumor immunotherapy, known as
full-time antigen presenting cell, with the strongest and unique ability
to activate resting T cells in vivo. It is also a key link of initiating,
controlling and maintaining the immune response. Tumor antigens are
presented by DCs to activate CD4+ helper T cells or CD8+ cytotoxic T
lymphocytes (CTLs) in the context of major histocompatibility complex
class II (MHC II), MHC I [1], respectively. Helper T lymphocytes can be
divided into two groups based on the types of cytokines secreted: Th1
and Th2, differentiating from the native T lymphocytes (Th0) [2]. Th1
effector cells secrete cytokine IL-2, IFN-γ and TNF-α, which mainly
regulate cellular immunity, including anti-tumor immunity. In the
meantime, Th2 effector cells secrete IL-4, IL-5, IL-6, IL-10, IL-13,
mediating humoral immunity and promoting the production of anti-
body [3]. In normal conditions, Th1 and Th2 cytokines maintain a re-
lative balance, which is important to human immune system. However,
when dysfunction occurs, the balance is disturbed, causing the variation
of Th1/Th2 equilibrium [4], which may result in many diseases and
cause immunosuppression [5]. The imbalance of Th1/Th2 has been
widely observed in many types of tumors and advanced cancers. In the
tumor microenvironment, the variation of Th1/Th2 will significantly
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increase the ratio of CD8+/CD25+ cells [6]. These cells will be acti-
vated by Th1 cytokines and then developed into mature CTL [7], an
important effector cell in anti-tumor immunity.

3. Checkpoint blockade: the research hotspot in tumor
immunotherapy

Regarded as a novel strategy to treat cancer by regulating patients'
immune responses, immunotherapy has been studied for many years.
As the research continues, checkpoint blockade has caught more at-
tentions.

Great complexity and specificity of immune system requires many
rules and checkpoints to prevent autoimmunity and to “brake” immune
response. Tumor cells show more changes in genetics and epigenetics
than normal cells, which can theoretically produce sufficient amounts
of antigens so that the immune system can distinguish them and trigger
immune responses. However, immunosuppression makes it difficult to
produce an effective immune response against tumor cells [8]. These
suppression signals are so-called immune checkpoints.

On the one hand, these suppression signals are involved in main-
taining the immune tolerance of auto antigen, avoiding autoimmune
diseases and injuries caused by excessive activation of immune re-
sponse [9]. On the other hand, tumor cells can escape from immune
recognition by suppressing the activation of T cell through immune
checkpoints. Up to now, several molecular mechanisms of tumor cells'
escape from the immune recognition have been defined, such as tumor
infiltrating macrophages which may limit activation and proliferation
of T cell by interfering with amino-acid metabolism [10]. Therefore,
activating T cells through different strategies is the important focus of
tumor immunotherapy, among which blockade of immune checkpoints
is one of the most effective strategies.

In recent years, immunocheckpoint blockade has revolutionized the
way to treat cancer. Traditional cytotoxic chemotherapy drugs interfere
with the proliferation and differentiation of normal cells and malignant
cells by the common molecular mechanism. As a result, they can di-
rectly damage cancer cells, but not specifically. While, immunotherapy
indirectly affects cancer cells by regulating the function of immune
system [11]. Studies have shown that immunotherapy has significant
effects on the prognosis of patients, including sustained responses and

prolonged survival. Herein, several specific immune checkpoint targets
will be introduced as follows. They include some classic immune
checkpoints such as CTLA-4 and some atypical checkpoints which differ
from the former but still work by regulating the immune system, such as
CD122 and ICOS.

3.1. CTLA-4: scientific turning point for cancer immunotherapy

The turning point of cancer immunotherapy derived from an un-
derstanding that T cell immune response is controlled by switches, so
called “immune checkpoints”, which can protect the body from po-
tential destructive immune responses. CD28 cytotoxic T lymphocyte
associated antigen 4 (CTLA-4) [12], the main switch, is a receptor that
inhibits the activation of T cells and plays an important role in the
initiation of immune response [13,14].

The suppression of T cell caused by CTLA-4 is achieved by two
mechanisms: the competitive antagonism and direct negation of CD28
signal [15]. In the early response of T cell, CD28 was involved in in-
itiating a synergistic signal cascade through B7 family, which was ne-
cessary to activate the T cell receptor (TCR). CTLA-4 can compete with
CD28, and CTLA-4 has greater affinity for B7-1/B7-2 than CD28
[15–17]. The second mechanism of T cell inactivation mediated by
CTLA-4 is to transmit the inhibitory signal through its cytoplasmic tail l
[15]. The evidence of this mechanism is derived from the cross-linking
of antibodies to CTLA-4 and TCR in the non-restrictive CD28 synergistic
stimulus, which can induce arrest of cell cycle and inhibition of IL-2
[18,19]. CTLA-4 signals inhibit the production of cytokines by in-
hibiting accumulation of AP-1, NF-κB and NFAT in the nucleus of the
activated T cells [20,21]. It can also regulate cell proliferation by in-
hibiting the degradation of cyclin D3, cyclin dependent kinase 4 and 6,
and cell cycle inhibitor p27 [22].

In addition to the direct effects on TCR/CD28 signals, the other two
processes in T cell activation may be directly or indirectly affected by
CTLA-4 signals. One is to regulate signaling molecules and the avail-
ability of cell surface antigen receptors through Cbl-b. A recent study
showed that CD28 and CTLA-4 regulate the activation and proliferation
of T cells through E3 ubiquitin ligase Cbl-b [23]. Therefore, CD28 and
CTLA-4 can control the threshold of T cell activation by regulating the
expression of Cbl-b. The other function of CTLA-4 is that it may affect

Fig. 1. Potential targets in tumor immunotherapy.
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cytoskeletal recombination by regulating the activity of small G protein
Rap1. CD28 co-stimulation is associated with the inhibition of Rap1
activity, increasing activation level of extracellular signal regulation
kinase (ERK) [24]. CTLA-4 has been shown to activate Rap1, suggesting
that CTLA-4 can inhibit the activation of T cells by regulating the CD28
dependent activity of Rap [25]. Ipilimumab, a kind of antibody that can
inhibit interaction of CTLA-4 and its ligands CD80 and CD86, had been
approved in the treatment of advanced melanoma, with a raised sur-
vival rate in the patients group in clinical research [26–28]. Some other
related drugs are listed in Table 1.

3.2. PD-1: an effective immune checkpoint in the combination therapy to
treat cancer by mediating the immune system

PD-1 (programmed cell death protein-1) is a kind of important
immunosuppressive transmembrane protein expressing on the surface
of the T cells. PD-1 mainly restricts the activities of T cells in chronic
inflammation, infection or cancer. It has two ligands, PD-L1 and PD-L2,
which are related proteins found in antigen presenting cells and cancer
cells. Tumor cells express PD-L1 or PD-L2, which can help tumor cells
escape from the immune system by attaching to PD-1 protein on the
surface of T cells. When ligands bind to PD-1, T cells cannot detect
tumor cells and the signal of attacking tumor cells will be blocked.
Meanwhile, PD-1 reduces the threshold of apoptosis and induces anergy
of immune system through the passivated T cell receptor signal, which
usually leads to the depletion of T cell [29,30].

In some tumor cells, the up-regulation of PD-L1 has been detected,
leading to the inhibition of T cells which is correspondingly beneficial
to the survival of tumor cells [31]. When the activated T cells begin to
exhibit co-inhibitory PD-1 receptors in tumor cells, CD4+ T helper cells
and cytotoxic CD8+ T cells release IFN-γ, which further increase the
expression of PD-L1. PD-1 also combines with PD-L2 specially in den-
dritic cells and macrophages, indicating that PD-L2 can be activated in
lymphatic organs, while PD-L1 can promote the self-tolerance of sur-
rounding tissues. In TME, these cellular functions are inactivated when
PD-L1+ cells meet tumor specific PD-1+/CD8+ T cells [32]. Agents
targeting PD-1 can block this pathway (interaction between PD-1 and
PD-L1), induce immune responses and inhibit the growth of tumor cells
[33].

The blockade of PD-1 and PD-1/PD-L1 pathway has been confirmed
to be connected with prolonging survival of tumor cells in mice by
enhancing phagocytosis of tumor associated macrophages and reducing
tumor growth through a macrophage-dependent way. The expression of
PD-1 interferes with different types of immune cells, including dendritic
cells, natural killer cells, B cells and T cells. Besides cells mentioned
above, macrophages are also involved, suggesting that expression of
PD-1 is a general system for blocking immunity through adaptive and
innate immune systems [34]. Although the expression of PD-L1 is
generally considered to be a negative prognostic factor, it is clearly
related to the positive results of PD-1/PD-L1 blocking antibody therapy
for tumors [35]. The initial clinical trial tested antibodies that block the
interaction of PD-1/PD-L1, using IgG4 human anti-PD-1 antibody
(known as BMS-936558), later nivolumab (Opdivo; Bristol Myers
Squibb, Princeton, NJ) in melanoma, lung cancers, colon cancers and
renal cancers [36]. CTLA-4 blocking antibody ipilimumab combining
with nivolumab was evaluated in the phase I, randomized phase II and
randomized phase III studies [37–39]. MPDL3280A (Atezolizumab;
Genentech), an IgG1 engineered antibody against PD-L1, has been
evaluated in further studies of lung cancer [40]. An initial randomized
phase II study of atezolizumab versus taxane in previously treated pa-
tients demonstrated promising outcomes [41]. Some other related
drugs are listed in Table 2.

3.3. TIM3:Potential immune checkpoint with inhibitory activities of T cells

The pathophysiological inhibition of T cells' activities may be

dominant in malignant tumors. The purpose of tumor immunotherapy
is to alleviate the inhibition of effector T cells, so that effector T cells
can eliminate the tumors. Molecules with inhibitory activities of T cells
[42], T-cell immunoglobulin and mucin domain 3 (TIM3), has gained
considerable attention recently. TIM3 was reported to be expressed in
IFN-γ-secreting helper 1 (Th1) cells, DCs, monocytes, CD8 and other
lymphocyte subsets [43,44]. The combination of galectin-9 and TIM3
leads to the death of Th1 cells, indicating that TIM3 is involved in the
negative regulation of Th1 reaction [45].

The blockade of TIM3 has been shown to increase IFN-γ-secreting T
cells [46]. Whereas monocytes and macrophages expressing TIM3 are
associated with the phagocytosis of apoptotic cells. In addition to
binding galectin-9, TIM3 is also reported to be the receptor of apoptotic
cells. The agents with anti-TIM3 effects will therefore cause the death of
tumor cells and the cross-lineage expression of tumor antigen in DC
[47].

The anti-TIM3 treatment facilitates the generation of effector T cells
by activating T-cell phenotype, increasing production of cytokines,
promoting proliferation and transcriptional processes associated with T
cell differentiation. Anti-TIM3 agent induces differentiation of CD8 T
cell by activating mTORC1, concretely, by increasing the level of
phosphorylated S6 protein and rhebl1 transcript. Activation of
mTORC1 has been demonstrated to enhance the effects and differ-
entiation of CD8 T cell. In the stimulus of antigen, TIM3 directly affects
the differentiation of T cell through mTOR pathway [48]. TIM3 reg-
ulates innate immune response mediated by toll-like receptor (TLR)
dependent on HMGB1, but not on galectin-9. High expressed TIM3
binds to HMGB1 specifically in the tumor infiltrating DCs, and reduces
the transfer of nucleic acid into DC cells in dead tumor cells, which will
inhibit the anti-tumor immune response caused by nucleic acid. The
agents targeting TIM3 pathway have shown good results in the pre-
clinical tumor model [49], and blocking the TIM3 pathway is a good
strategy for anti-tumor immunity.

Currently, two types of TIM3 antagonised monoclonal antibodies
(MBG453 and TSR-022) are in early clinical trials. MGB453 (Novartis,
Basel, Switzerland), the safety and efficacy was first to be evaluated in
human as a single agent or combined with PD-1 mAbs in patients with
late malignant tumor. TSR-022 (American Waltham TESARO), as a
single agent, is being evaluated again in Phase I trials in patients with
advanced solid tumors, which will drive exploration of the safety and
clinical activity of TSR-022 as a single therapy or a combination
therapy with anti-PD-1 antibody in patients with some types of tumors.
These trials will be closely watched, with great interest in the safety and
efficacy results to evaluate whether TIM3 may be the next important
focus in immunocheckpoint targets. Some other related drugs are listed
in Table 3.

3.4. LAG-3: another immunomodulator similar to PD-1

The inhibitory receptors (IRs) are the key factors of controlling and
shaping hosts' immune response. The lack of co-inhibition will break
the self-tolerance, while the long-term utilization of inhibitory path-
ways is the main obstacle to effective anti-tumor immunity [50–52].
The tumor infiltrating lymphocytes (TILs) up-regulate various in-
hibitory receptors and exhibit an exhausted T cell phenotype after
chronic antigenic stimulation [52]. Lymphocyte activation gene-3
(LAG-3) has recently been reported as the potential IR in clinic. LAG-3
is expressed in activated T cells, which essentially limits the prolifera-
tion, expansion and viability of normal T cells [53–56]. LAG-3 and
other inhibitory receptors also have high expression in the regulatory T
cells [57–60], which is a key suppressor group of T cells that inhibits
autoimmunity but restricts anti-tumor immunity [61,62].

LAG-3 is reported as another immunomodulator similar to PD-1,
inhibiting anti-tumor immunity and promoting tumor escape [63].
Firstly, LAG-3 is commonly expressed with several inhibitory receptors,
such as PD-1, TIM3, BTLA and KLRG1 [63]. Secondly, in human lung,
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breast, ovarian and colon cancer, LAG-3 expresses in tumor infiltrating
lymphocytes (TILs) [64–67], and its expression frequency in TILs is
significantly associated with the expression frequency of PD-1 in TILs
and PD-L1-expressing tumor cells [65]. Thirdly, expression of LAG-3 is
related to tumor prognosis, for example, LAG-3 positive or LAG-3/PD-1
double positive can predict poor prognosis in non-small cell lung
cancer, while serum level of soluble LAG-3 can predict better prognosis
of breast cancer [65,68]. Fourthly, the inhibition of LAG-3 and PD-1/
PD-L1 pathway can significantly improve the function of CD4+ T cells
and TILs [69,70].

Preclinical studies found that the inhibition of LAG-3 was able to
restore the cytotoxicity of T cells and enhance the effect of anti-tumor.
Meanwhile, inhibition of LAG-3 can also reduce the function of reg-
ulatory T cells, so that LAG-3 is considered to be a more attractive
target than other immune checkpoint proteins. Relatlimab, also known
as BMS-986016, developed by BMS, is a monoclonal antibody targeting
LAG-3. In the clinical 1/2a trial named ca224-020, the PD-1 inhibitor
Opdivo developed by BMS and Relatlimab were used to treat solid-
tumor patients. These patients in the clinical trial included those had no
response or resistance to PD-1/PD-L1 immunotherapy. According to the
latest published data at the annual meeting of the ESMO, objective
response rate (ORR) of Relatlimab and Opdivo combination therapy in
patients expressing LAG-3 in immune cells around tumor was 18%,
meanwhile the ORR of patients expressing LAG-3 in immune cells
around tumor< 1% was 5%. This result confirms that LAG-3 is an ef-
fective target. In addition, the safety of the LAG-3/Opdivo combination
therapy is similar to that of Opdivo monotherapy. Some other related
drugs are listed in Table 4.

3.5. CD122: also known as Interleukin-2 receptor (IL-2R), IL-2 receptor
subunit β with high affinity, IL-2 receptor subunit β, and IL-2Rβ

IL-2 is a secreted glycoprotein with a molecular weight of

15–18 kDa. As a cytokine, IL-2 is mainly produced by antigen-activated
T cells. It promotes the proliferation, differentiation and survival of T
lymphocytes, the lytic activity of natural killer cells (NK) in the innate
immune defense [71–75]. Activated T cells stimulate the secretion of IL-
2, and IL-2 is subsequently used as a factor in the growth of natural
killer (NK) cells, natural killer T (NKT) cells, and B cells, because of the
high affinity for the IL-2 receptor in these cells. Therefore, IL-2 drives
the proliferation of activated T cells until it is exhausted.

IL-2 works by binding to the dimer receptor, which is composed of
IL-2β (CD122) and a common cytokine receptor γc (CD132) or trimer
receptor (consisting of IL-2α, IL-2β and CD132) [76]. The effect of IL-2
regulating the immune system is pleiotropic and contextual, which
could be an activator or an inhibitor. IL-2 binds to heterodimeric IL-
2Rβγ receptor at high doses, leading to desired expansion of tumor
killing CD8+ memory effector T (CD8 T) cells [77]. IL-2 also binds to its
heterotrimeric receptor IL-2Rαβγ, and expands immunosuppressive
CD4+ CD25+ regulatory T cells (Tregs). It can also stimulate the pro-
liferation and activation of Tregs. These cells continue to express high
affinity heterotrimeric IL-2Rαβγ. Activation of Tregs may exacerbate
immunosuppression and impair the expected anti-tumor effect. Ex-
pansion of Tregs represents an undesirable effect of IL-2 for cancer
immunotherapy [29,77–82]. As a cytokine, IL-2 is an endogenous
agonist of IL-2 pathway and a stimulating factor of CD8+ T cells (CD8
T), NK cells [83]. However, it is not widely used due to its association
with over activation of the immune system. High expression of IL-2Rα
and IL-2Rβγ in Tregs enable these cells to consume IL-2 more effectively
than in CD4, CD8, and NK cells, even at low levels.

Although IL-2 Rα isn't expressed by native T cells, its expression can
quickly identify and trigger IL-2/IL-2Rα feedback loop [84].
CD8+CD122+ T cells can inhibit response of T cells. Agents targeting
CD122 impair tumor growth in syngeneic solid tumor models, and
immune microenvironment in tumor cells has been changed when
treated with these agents. These agents restrict tumor growth through a

Table 3
Potential agents targeting TIM3.

Highest phase Code name Generic
name

Brand name/
structure

Product category Therapeutic group Mechanism of action

Biological Testing L3B Murine Monoclonal Antibodies Asthma Therapy
Anti-HIV Agents
Anti-allergy/Anti-
asthmatic Drugs
Treatment of Sepsis
Anti-Hepatitis Virus Drugs
Treatment of Autoimmune
Diseases

Immune Checkpoint Inhibitors
Anti-TIM3 (Hepatitis A Virus Cellular
Receptor 2)

Biological Testing TIM3 TCB Bispecific Antibodies
Cancer Immunotherapy
Humanized Monoclonal
Antibodies

Oncolytic Drugs Immune Checkpoint Inhibitors
Signal Transduction Modulators
Anti-TIM3 (Hepatitis A Virus Cellular
Receptor 2)
Anti-CD3

Biological Testing FMab-31
Anti-CD20-HC N-
TIM3

Cancer Immunotherapy
Fusion Proteins
Immunoconjugates
Monoclonal Antibodies
Polypeptides, from 41 AA

Oncolytic Drugs Anti-CD20

Preclinical TIM3-Apt1
TIM3Apt1

Aptamers
Cancer Immunotherapy
Single stranded
oligoribonucleotide (RNA)

Colorectal Cancer Therapy Immune Checkpoint Inhibitors
Anti-TIM3 (Hepatitis A Virus Cellular
Receptor 2)

Preclinical CA-327 Cancer Immunotherapy Oncolytic Drugs
Cancer Immunotherapy

Immune Checkpoint Inhibitors
Drugs Targeting Hepatitis A Virus
Cellular Receptor 2 (HAVCR2; TIM3)
Anti-PD-L1 (CD274)

Preclinical AUPM-327
PM-327

Cancer Immunotherapy Cancer Immunotherapy Immune Checkpoint Inhibitors
Drugs Targeting Hepatitis A Virus
Cellular Receptor 2 (HAVCR2; TIM3)
Drugs Targeting Programmed Cell
Death 1 Ligand 1 (PD-L1; CD274)
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mechanism that does not involve CD4+ Tregs but significantly in-
creases the percentage of tumor infiltrating CD8+ T cells and decrease
the percentage of infiltrated CD8+CD122+ T cells. NKTR-214, an IL-2
polymer binding, is beneficial to the balance of immune activation
under the immunosuppression of tumor cells. By combination with
anti–CTLA-4 antibody, NKTR-214 provides durable immunity to resist
tumor. NKTR-214, a highly “combinable cytokine”, is more like a cy-
tokine than an antibody, stimulating the immune system directly
through cytokines (IL-2) [85]. Some other related drugs are listed in
Table 5.

3.6. ICOS: blockade of ICOS will deplete the regulatory T cells to enhance
anti-tumor immunity

Regulatory T cells (Tregs) are subgroups of T cells, which usually
lead to immunosuppression and can mediate the immune escape of
tumors [86–88]. It has been confirmed that a large number of Tregs
exist in tumor tissues and peripheral blood. The high concentration of
Tregs is closely related to the severity and prognosis of the tumor [89].
ICOS, a kind of important stimulus molecular, is related to proliferation
and activation of T cells, affecting the functions of Th1 and Th2 cells,
playing a role in the synergy of T/B cells, and generating antibodies
[90].

Foxp3+ natural Tregs can be divided into two subgroups, depending
on whether they express co-stimulator (ICOS) or not [91]. Among the
both subgroups, ICOS+ Tregs have stronger survival, proliferative
ability, and stronger inhibitory activity than ICOS− Tregs [92]. In ad-
dition, ICOS+ Tregs, not ICOS− Tregs, are closely related to the pro-
gression and prognosis of tumors [93]. Some studies have shown that
the attenuation of Tregs combining with activation of tumor-specific
effector T cells can improve the anti-cancer efficacy [94]. ICOS signal
promotes the function and proliferation of Tregs, on the contrary,
blocking the ICOS signal may inhibit the function of Tregs [95].

Antagonist targeting ICOS effectively reduces tumor infiltrating
Tregs, which is consistent with the enhancement of anti-tumor im-
munity. CD28 mediates the proliferation and activation of effector T
cells, thus ICOS, as a member of the co-stimulating molecules in CD28,
plays an important role in activating T cells [96]. Blockade of ICOS may
not have a significant effect on proliferation and activation of CD8 or
CD4 T cell. Instead, it may inhibit the function of Tregs and reduce the
concentration of Tregs. Immunoregulation targeting ICOS has therefore
exhibited clinical significance for the long-term tolerance of auto-
immune diseases and transplantation immunity [96].

The main candidate of Jounce, JTX-2011, is a monoclonal antibody
that binds to and activates ICOS on the surface of T cells. Preclinical
study data support JTX-2011 may have a dual action mechanism: sti-
mulate the anti-tumor effector T cells and reduce the immune sup-
pression regulatory T cells in tumor microenvironment. The company
has been developing JTX-2011 to treat solid tumors as a single drug or
to combine it with other therapies. Besides JTX-2011, the agonist
GSK3359609 [97] also targets and binds with ICOS in tumor infiltrating
CD4+ T cells. This stimulates the proliferation of ICOS+ T cells, en-
hances the survival of cytotoxic T lymphocytes (CTL), and increases
CTL mediated immune response to tumor cells. Some other related
drugs are listed in Table 6.

4. Summary

The innate immune system is the nonspecific frontier line of im-
mune defense. It contains a large number of components:antigen pre-
senting cells (APC), dendritic cells, mast cells, tissue cells, and macro-
phages. In contrast, the adaptive immune system induces the
production of helper CD4+ T cells, cytotoxic CD8+ T cells and anti-
body-releasing plasma cells [32]. When tumor antigens are captured
and processed by dendritic cells in tumor microenvironment, the anti-
cancer T cell reaction is produced. These dendritic cells spread to lymph

nodes where the most primitive T cells become effector T cells and kill
cancer cells. So that antitumour immunotherapy is potential and can be
used to treat many different types of cancer.

Although some immunotherapy mechanisms have been reported,
few immunotherapies are currently approved as standard ways to treat
cancers. At present, the immunotherapies of tumor mainly include the
following main methods: cytokines, cellular therapies, checkpoint
blockade, and tumor vaccines.

In the past decade, progress has been made in the application of
monoclonal antibodies (mAbs), regulation of the immune response and
cell therapy to treat cancer. So far, the United States has approved three
antibody treatments for immunological checkpoints. More and more
patients will benefit from immuno-mediated mAb treatment over the
next few years [86]. The remarkable clinical results observed in the
immunotherapy trials since 2010 have aroused great interest of public
in this possible treatment [98]. Clinical trials using checkpoint blockade
inhibitors to treat patients with metastatic melanoma [99–102] and
NSCLC [39,103] and trials using CAR T cells to treat relapsed or re-
fractory B-ALL [104–107] has been reported.

Immunotherapy can enhance the anti-tumor immunity of hosts and
cause a lasting response in subgroups of patients with multiple tumor
types. Blockade of the immune checkpoint is an effective strategy to
relieve the inhibition of T cells. Cancer immunotherapy has changed the
types of cancer in modern oncology. Immunotherapy with checkpoint
inhibitors has significantly improved the clinical efficacy of some pa-
tients, but not all patients. This may be due to individual differences in
tumor immunogenicity and immunosuppressive tumor microenviron-
ment [108]. It is effective, however, it is also limited by its specificity.
Therefore, it might be irrational to use the inhibitors of checkpoints as
single agents. Combined treatment of different mechanisms may better
regulate the immune system to promote anti-tumor response [108].

The rising trend in development of immunotherapies is to in-
vestigate combination therapies. Immunotherapies are commonly being
tested for rational combinations with chemotherapies, targeted thera-
pies or with other therapies. Targeted therapy can inhibit tumor growth
factors and can cause important but transient clinical responses. These
agents, such as some tyrosine kinase inhibitors (TKIs) [1], are often
designed to destroy cancer cells by targeting specific genetic changes in
these cells. With the development of modern molecular biology and
genetic engineering technology, innate immunity targets and their
drugs (for example, natural killer (NK) cell-targeting therapies) are
gaining great interest [109,110]. Moreover, traditional chemother-
apeutic drugs also have significant immunoregulatory effects. So the
combination therapies will be an important direction for future study.
Such meaningful synergistic effects of strategies are extremely expected
[111–113].

For combination therapy, researches may be based on the under-
standing of the potential mechanisms of action, anticipated clinical
profiles, and potential synergistic activities of the agents involved. The
effects of the drugs are associated with the types of drugs, dosages,
methods of administration, time that patients will be treated.
Combination of different therapies doesn't mean adding different agents
simply. The final effects of these combinations might exceed the ex-
pectations because the pharmacodynamics, efficacy and safety of in-
dividual agents may be different from the simple added effects of both
agents. These choices of combination should be depended on the de-
velopment of basic study [114].

Further study may still be needed for the best combination of dif-
ferent tumor immune therapies and other therapies to treat patients.
With the continuous improvement of precision medicine, individualized
treatment options will be provided for each patient. Overall, we have to
admit that the field is developing rapidly, the direction is clear, and the
prospects for the development of cancer drug have never been much
better.
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