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ABSTRACT

Tumor immune therapy, especially anti-programmed cell death ligand-1/programmed cell death-1 (PD-L1/PD-1)
treatment, is currently the focus of substantial attention. However, despite its enormous successes, the overall response
rate of cancer immunotherapy remains suboptimal. There is an increased interest in combining PD-L1/PD-1 treatment
with anti-angiogenic drug Apatinib to enhance antitumor effect. Presently available data seem to suggest that Apatinib
may exert immune suppressive effects to make the PD-L1/PD-1 treatment works. Here, we review the extensive tumor
microenvironment immune modulatory effects from antiangiogenic agents Apatinib in order to supporting VEGFR2
targettherapies in clinical trials are existing.
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1. Introduction of Apatinib

Apatinib is a small-molecule antiangiogenic targeted drug devel-
oped by Jiangsu Hengrui Pharmaceutical Co., Ltd. It was listed in the
treatment of gastric cancer in 2014. Furthermore, the drug also shows
great potential in the treatment of multiple other solid tumorst™?. The
main mechanism of action of Apatinib is the competitive binding of the
vascular endothelial growth factor receptor2 (VEGFR-2) intracellular
tyrosine ATP binding site. Then selectively inhibiting tyrosine kinase
activity and blocking signaling after vascular endothelial growth factor
(VEGF) binding, resulting in potent inhibition of tumor angiogenesis.
VEGFR-2 is a high-affinity receptor for VEGF and, together with
VEGFR-1 and VEGFR-3, forms the Flt subfamily of receptor tyrosine
kinases (RTK). VEGFR-1 binds to VEGF with a higher affinity than
VEGFR-2, but VEGFR-1 exerts weak tyrosine phosphorylation of
VEGF. Thus, VEGFR-2 is the primary RTK that can mediate VEGF
signaling in endothelial cells and drive VEGF-mediated angiogenict®.
Moreover, VEGFR-2 is the major regulator of endothelial cell prolifer-
ation, development, migration, angiogenesis, and budding™. Therefore,
Apatinib may have better therapeutic potential than other antiangio-
genic agents such as ramoximab, bevacizumab and sunitinib®. In addi-
tion, Apatinib can sensitize drug-resistant tumor cells to chemothera-
peutic drugs and reverse multidrug resistance (MDR) caused by
ATP binding cassette transporter (ABC) protein'®. It can also stimulate
tumor cell apoptosis, dinhibit cell proliferation and enhance the effica-
cy of conventional chemotherapy drugs to play an anti-cancer role.
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In recent years, the clinical application and re-
lated mechanism of Apatinib in other tumors have
also been widely concerned and explored!™.
However, so far, the clinical application has gener-
ally focused on inhibiting abnormal angiogenesis.
This review summarizes the unique mechanism of
action of Apatinib, based on preclinical and clinical
findings, the molecular mechanism behind the path-
way of interaction with Apatinib was reexplored.
Specifically, Apatinib includes both wellknown an-
ti-angiogenic effects and novel immunomodulatory
mechanisms. It can promote the clinical under-
standing of molecular biology and immunology,
and help to expand the scope and prospect of Apa-
tinib treatment.

2. Immunotherapy and
VEGF/VEGFR targets

Immune  checkpoint inhibitors  (ICIS)
can break through the bottleneck of tumor immu-
nosuppression, restore the suppressed immune ac-
tivity in tumor patients, and promote immune cells
to recognize and then kill tumor cells. It provide a
new idea for immunotherapy®®*J. In recent years,
programmed cell death 1 (PD-1) antibody, pro-
grammed cell death ligand 1 (PD-L1) antibody, and
cytotoxic T lymphocyte-associated protein 4

MDsSC

(CTLA-4) antibody and other representative im-
munotherapies have become an important means of
tumor treatment™?. Especially for antibodies
against PD-1/PD-L1 have achieved significant clin-
ical efficacy in the therapy of malignant tumors
such as lung cancer, kidney cancer, and melanoma.
The high expression of PD-L1 may be a molecular
marker of poor prognosis of cancer, and it is also
the basis for clinical treatment with anti- PD-1/PD-
L1.

However, the anti-PD-1/PD-L1 treatment also
has its limitations, the main problem is the low
proportion of beneficiaries, the response rate of sin-
gle drug use is generally between 10% and 40%,
and not all tumor types are effectivel*®l. The main
reason for the low benefit ratio is that the efficacy
of immunotherapy highly depends on the Tumor
Microenvironment (TME). The TME is mainly
composed of the vasculature, the extracellular ma-
trix, other non-malignant cells around the tumor, as
well as the complex signaling molecular networks
that maintain internal connections in the microen-
vironment. These components not only could pro-
mote the growth and reproduction of the tumor
cells but also induce them to invade and metasta-
sizet™,
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Figure 1. Effect of Apatinib on immune cell populations in the tumor microenvironment.

The anti-tumor immune effect of the body is
mainly the adaptive immune response mediated by
T lymphocytes (CD8" cytotoxic T cells and CD4"
helper T cells)™. However, the existence of TME

and the low immune foci of the tumor itself will
lead to the activation disorder of CD8" cytotoxic T
cells and CD4" helper T cells in tumor patients. The
functions of these two cells are strongly inhibited in
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the tumor microenvironment, which is one of the
main obstacles to anti-PD-1/PD-L1 immunothera-
py™. And it is also one of the main reasons for the
low response rate of immunotherapy. Therefore,
inhibiting of the negatively regulated recruitment of
immune cells in the tumor microenvironment, or

inhibiting the secretion of anti-inflammatory factors.

That may make the effect of the tumor immuno-
therapy more significant. In recent years, more
studies and clinical trials have found that the com-
bined use of anti-tumor angiogenesis drugs and
PD-1/PD-L1 antibodies could effectively improve
the efficacy of immunotherapy. Its mechanism is
closely related to the remodeling of the tumor mi-
croenvironment™ 1 Next, we will describe the
effects of the antiangiogenic agent Apatinib on the
antitumor function of immune cells in preclinical
and clinical trials in detail (Figure 1).

3 Effect of Apatinib on the immune
microenvironment

3.1 Effect of Apatinib on effector T cells

In the terms of T cells, these unusual tumor
vascular networks provide an attack barrier for tu-
mor cells. The abnormal vascular network is mostly
immature neovascularization, which does not have
the tissue structure of normal blood vessels, so it
cannot perform a normal function. Neovascular en-
dothelial cells are loosely connected and lack the
support of pericytes and basal cells. Therefore, tis-
sue fluid seeps from the abnormal vascular network
into the tumor microenvironment to further com-
press the blood vessels, and the blood cannot
transport oxygen and nutrients to the interior of the
tumor, resulting in hypoxia and necrosis in the inte-
rior of the tumor. Similarly, most killer T cells can-
not infiltrate into the tumor, so their killing effect is
inhibited. A small number of T cells crossing vas-
cular endothelial cells into the tumor microenvi-
ronment still cannot kill tumor cells. The reason is
the increased expression of immunosuppressive
marker PD-L1 on the surface of tumor cells under
long-term hypoxia. Therefore, only after an-
ti-vascular treatment, killer T cells infiltrate into the
tumor area, and then anti-PD-1 treatment can exert
a good curative effect™,

VEGF increased the infiltration of regulatory T
cells in the microenvironment and promoted the
failure of CD8" T cells. TOX is a transcription fac-
tor of T cell development and plays an important
role in T cell maturation. In the tumor microenvi-
ronment, VEGF up-regulates the expression of
TOX in CD8" T cells and activates the fail-
ure-related signal pathway of T cells. Anti VEGF
treatment can reverse this phenomenon. VEGFR-2
ramucirumab promotes the increase of the propor-
tion of CD8" T cells in peripheral blood of patients
with gastric cancer®. More studies have found that
VEGFR-2 blocked HIF1-a of CD8" T cells activa-
tion of the pathway leads to increased secretion of
anti-inflammatory factors®. In the mouse lung
cancer model, the use of low-dose Apatinib in-
creased the infiltration of CD8" T cells in tumorst??.
Comprehensive studies have shown that blocking
VEGFR-2 could increase the proportion and activi-
ty of CD8" T cells®?. Moreover, low-dose
VEGFR-2 target drug (DC101) is more conducive
to promoting the tumor infiltration of CD4" and
CDS8" T cells™®, In spontaneous breast cancer mice,
DC101 inhibited tumor growth by increasing the
proportion of CD8" T cells’®®>?. In the exploration
of its mechanism, ELIZABETH ALLEN et al. pro-
posed that combination therapy of anti-VEGFR-2
and anti-PD-L1 antibodies in mice models of breast,
pancreatic and glioblastoma can induce the growth,
and proliferation of endothelial micro veins in the
tumor microenvironment™.  Endothelial micro
veins promote lymphocyte infiltration and activity
through the activation of the lymphotoxin [ recep-
tor (LTBR) on the lymphocyte surface. Using LTBR
directly agonist can enhance the activity of cyto-
toxic T cells (CTL), so that PD-L1 antibody can
further improve its antitumor efficacy after com-
bined treatment with anti-VEGFR-2.

3.2 Effect of Apatinib on regulatory T cells

Regulatory T cells, namely CD4" CD25" Treg,
account for 5% ~ 10% of the total T cells and are
key negative regulatory cells in the tumor immune
microenvironment. Classic sub-Types are divided
into natural regulatory T cells (nTregs) differentiat-
ed from the thymus and inducible regulatory T cells
(iTregs) induced by antigens or other cytokines.
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Foxp3 is the functional activity index of Treg®.

Suzuki H et al. found that Foxp3™ CD4" T cells
specifically express VEGFR-2, and VEGFR-2"
CD4" T cells inhibit the proliferation of VEGFR-2"
CD4" T cells?®®. TGF-B further increases the num-
ber of VEGFR2" Tregs by promoting VEGF-A se-
cretion®. Targeting VEGFR can effectively reduce
the proportion of Treg, weaken its immunosuppres-
sive activity and enhance the antitumor immune
response of effector T cells. VEGF-A directly pro-
motes the proliferation of Treg, and blocking
VEGF-A/VEGFR-2 pathway can reverse this phe-
nomenont®,

TADAYY et al. found that PD-L1 + CD8" T cell
infiltration in peripheral blood increased after tar-
geted VEGFR-2 treatment in patients with gastric
cancer®. The proportion of Treg decreased. Pro-
gression-free survival was longer in patients with
low expression of VEGFR-2" Treg than in patients
with high expression. According to more studies, in
the study of mouse colon cancer, PD-1 antibody
increased the proportion of Foxp3™ Treg in tumor
tissue®”. This phenomenon can recover by com-
bined use of VEFR-2 antibody, and the combined
use increased IFN-y in tumor homogenate And
TNF-a Level. In hepatoma mice, VEGF-2 antibody
(DC101) increased the CTL/Treg ratio in tumor
tissuest®!,

3.3 Effect of Apatinib on macrophages

Tumor-associated macrophages (TAM) are the
main inflammatory cell population in solid tumors
and have an important impact on the composition of
TME. Plasticity is an important concept in TAM
research, that is, TAM can differentiate into M1/M2
types according to different stimuli of TME. M1
macrophages derived from interferon y (IFN-y) and
inflammatory cytokines stimulated and secreted by
lipopolysaccharide (LPS). Matrix remodeling cyto-
kines activated and released by IL-4 and IL-13
stimulated M2 macrophages. “Remodeling” TAM,
that is, transforming M2 into anti-tumor M1,
may become a potentially effective strategy for
cancer treatment®?,

In the treatment of lung cancer mice, oral low
doses of Apatinib increased the proportion of infil-
tration of total macrophages and reduced the pro-

portion of cancer type CD163" M2 macrophagest??.
In liver cancer mice, small-dose VEGFR-2 antibody
(DC101) treatment significantly increased the
number of F4/80" CD80" and CD86" M1 macro-
phages infiltrated in the tumor and reduced the
number of F4/80" CD206" M2 macrophages after
combined anti-PD-1 treatment.

3.4 Effect of Apatinib on DCs

Antigen presentation is a prerequisite for anti-
tumor immune response. Immature dendritic cells
(DCs) lack effective antigen presentation function,
resulting in immune tolerance®. Several studies
have reported that VEGF inhibits the maturation of
DCs in vitro and vivo by activating NF-xB. AL-
FARO C et al. believed that renal cancer cells in-
hibit the maturation and differentiation of DCs un-
der hypoxia, which can reverse by Sunitinib, a
tyrosine kinase inhibitor of VEGFR-2E%. There are
different opinions on the functional blocking sites
of VEGF/VEGFR on DCs. Some studies have said
that VEGFR-1 is the main receptor for DCs matura-
tion, and the signal transduction of VEGFR-2 is
very important for early DCs differentiation
in blood, but only has a slight impact on the final
DCs maturation®. Another study shows that VEGF
inhibits the ability of mature DCs to present anti-
gens to T cells, and the DCs dysfunction induced by
VEGF is mainly mediated by VEGFR-2. Blocking
mADb by anti-VEGFR-2 can reverse DCs dysfunc-
tion™. During the exploration of its mechanism,
MARTI LC et al. judged that VEGF up-regulated
IDO expression in DCs through VEGF/VEGFR
pathway, and IDO further inhibited lymphocyte
proliferation®"’.

3.5 Effects of Apatinib on bone mar-
row-derived inhibitory cells

Myeloid-derived suppressor cells (MDSCs) are
generally considered as CD45" CD11b" CD33"
CD14™ immunosuppressive cell group. MDSCs
were found in tumor, spleen, blood, bone marrow,
and liver®™. In TME, MDSCs attenuate the anti-
tumor function of effector T cells and act on NK
cells to reduce their cytokines, and inhibit their cy-
totoxicity®®). There is a dual expression of
VEGFR-1 and VEGFR-2 on the surface of MDSCs.
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VEGFR-2 mediated signal pathway promotes the
proliferation of MDSCs!”. VEGF/VEGFR-2 signal
transduction also directly promotes the differentia-
tion and migration of MDSCs, recruits MDSCs to
tumor sites and inhibits T cell functionf®®,

4. Clinical application of Apatin-
ib-linked therapy with PD-1/PD-L1

4.1 Non-small-cell lung cancer (NSCLC)

Apatinib showed a significant survival benefit
in phase 11/1B clinical trials in non-small cell lung
cancer, and the effect was better when combined
with anti-PD-1. A phase Il clinical trial showed that
NSCLC patients were treated with 500-750 mg of
Apatinib. Among the 38 NSCLC patients evaluated,
the objective response rate (ORR) was 13.2%, and
the disease control rate (DCR) was 63.2%. The
progression-free survival (PFS) was 3.06 months.
Overall survival (OS) was 7.69 months. It shows
that Apatinib has a certain role in patients with ad-
vanced NSCLC and only has slight adverse reac-
tions!). The results of another phase IB clinical
trial of NSCLC showed that among the 8 NSCLC
patients available for analysis, the ORR and DCR
of Apatinib were 55.6% and 88.9%, which were
superior to anti-PD-1 monotherapy in the same
clinical environment!?.

4.2 Small-cell lung cancer (SCLC)

Apatinib also showed therapeutic benefits in
SCLC patients. Camrelizumab 200 mg combined
with Apatinib 375 mg. Of the 47 SCLC patients
available for evaluation, ORR reached 34.0%, me-
dian PFS was 3.6 months and OS was 8.4 months.
Results-oriented patients were classified into plati-
num-class chemotherapy-sensitive and insensitive
groups in SCLC patients. The ORR of platinum
chemotherapy-sensitive SCLC patients was 37.50%,
the median PFS was 3.6 months, and the OS was
9.6 months. There was no significant differ-
ence between SCLC patients and the platinum
chemotherapy insensitive group (32.3%, 2.7 months,
8 months). This study showed that camrelizumab
combined with Apatinib showed potential antitumor
activity in chemotherapy-sensitive and chemother-
apy-resistant SCLC patients.

4.3 Hepatocellular carcinoma (HCC)

Jianming Xu et al. evaluated the efficacy of
Apatinib combined with SHR-1210 (anti-PD-1 an-
tibody) in a study on patients with advanced HCC
and GC/EGJC at the same timel”. After the end of
the trial, 8 of the 16 HCC patients who can be used
for evaluation obtained partial remission, and the
partial response (PR) was 50.0%. Including
GC/EGJC patients, the ORR of 39 assessable pa-
tients was 30.8%. This study shows that the maxi-
mum tolerated dose of Apatinib as combination
therapy is 250 mg, and patients with advanced HCC
can obtain practical clinical benefits in combination
therapy.

Another study classified patients with HCC.
Seventy of these patients did not receive first phase
treatment, 120 were ineffective in first phase treat-
ment, and all patients had combined Camrelizumab
(anti-PD-1 antibody 200 mg) and Apatinib 250
mg-d~. For the HCC group not receiving phase |
treatment, the ORR was 34.3% and a median PFS
of 5.7 months, annual survival was 74.7%. Trials
with HCC patients who failed phase | treatment
showed that the 120 HCC patients available for
evaluation had an ORR of 22.5% and a median PFS
of 5.5 months, annual survival of 68.2%. This study
demonstrated that Camrelizumab combined with
Apatinib has a survival benefit for patients with
advanced liver cancer!*?,

4.4 Gastric or esophagogastric junction can-
cer (GC/EGJC)

In another phase 111 clinical trial of GC/EGJC
patients, the researchers recruited 267 patients*l.
Compared with the placebo group, the median OS
was significantly prolonged in the Apatinib group
(6.5 months vs. 4.7 months, P < 0.05), and the me-
dian PFS was also prolonged (2.6 months vs. 1.8
months, P < 0.001).

4.5 Triple-negative breast cancer (TNBC)

Apatinib in the phase Il study of TNBC pa-
tients, 30 evaluable patients were given Apatinib
250 mg and SHR-1210 200 mg continuously. The
results showed that the ORR of patients was 43.3%,
DCR was 63.3%, and PFS was 3.7 months. The
median PFS of patients with partial remission

83



was 7.69 months, which was significantly higher
than that of patients with TNBC that could not be
evaluated clinically (2 months). SHR-1210 com-
bined with Apatinib showed a good therapeutic ef-
fect in patients with advanced TNBC! .

5. Conclusion

Under physiological conditions, the expression
levels of VEGF and VEGFR in normal human ma-
ture tissues very low, and only the expression level
of VEGF in vascular endothelial cells is high.
However, clinical studies have shown that the high
expression of VEGF and VEGFR has been detected
in most malignant tumors and is associated with the
high risk of cancer metastasis*!. This is because
the growth and development of tumors depend on
the oxygen and nutrients provided by tumor blood
vessels. In highly metabolized tumors, they grow
beyond the supply of blood vessels, leading to hy-
poxia inside the tumor®!. Under hypoxia, hypox-
ia-inducible factor (HIF-1) regulating angiogenesis
is activated, and endothelial cells and tumor cells
jointly mediate the upregulation of VEGF expres-
sion in TME®". VEGF can indirectly promote the
inhibition of T lymphocytes and MDSCs by stimu-
lating endothelial cells to produce prostaglandin E2
(PGE2) 8. Moreover, immunosuppression of tumor
microenvironment is caused by inducing the prolif-
eration and differentiation of regulatory T cells
(Tregs)® and inhibiting the maturation of dendritic
cells (DCs) precursor cells®,

Apatinib, which is an angiogenesis inhibitor,
not only can inhibit Abnormal angiogenesis but also
improve the tumor immune microenvironment.
According to clinical statistics, at present, there are
33 clinical studies on Apatinib, and among them,
there are 29 carried out in China. Comprehensive
clinical trial results show that the combination of
Apatinib and PD-1/PD-L1 antibody can effectively
improve the efficacy of immunotherapy and signif-
icantly improve the survival benefit of patients. As
a new type of antitumor drug, Apatinib has its supe-
rior development prospect and potential. In this pa-
per, we summarized the effects of Apatinib on var-
ious immune cells in the tumor microenvironment
and summarized the beneficial effects of Apatinib
combined with PD-1/PD-L1 antibodies in different

kinds of cancer in the clinical trials.
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