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Digestive system malignancies are one of the primary causes of cancer-related death.
Meanwhile, angiogenesis has been proved to play an important role in the process of
cancer neovascularization. Apatinib, a novel targeted antiangiogenic molecule, could
generate highly selective competition in the vascular endothelial growth factor receptor-2,
involved in tumor progression and metastasis. It has been implied as a promising cancer
treatment agent that can prevent tumor cell proliferation meanwhile inhibit tumor
angiogenesis. Furthermore, completed clinical trials demonstrated that apatinib could
prolong the progression-free survival and overall survival in advanced gastric cancer and
primary liver cancer. Recent studies revealed that apatinib had a synergistic effect with
immunotherapy as a second-line and third-line treatment regimen for some other cancers.
In this review, we summarize the pharmacological properties of apatinib and the latest
clinical application in chemotherapy-refractory patients with advanced digestive system
cancer. Based on the comparable survival results, the molecular mechanisms of apatinib
are prospective to include the antiangiogenic, apoptosis-inducing, and autophagy-
inducing properties in the corresponding signaling pathway. Treatment of apatinib
monotherapy or combination immunotherapy remains the optimal option for patients
with digestive system malignancies in the future.

Keywords: Apatinib, angiogenesis, digestive system malignancies, tumor microenvironment, immunotherapy
INTRODUCTION

Cancer is still one of the principal causes of death, among which digestive system malignancies
(DSMs) account for the majority of morbidity and mortality. According to the latest statistics from the
American Cancer Society, there will be approximately 338,090 Americans diagnosed and 169,280 will
die from DSMs in 2021 (1). Malignant tumors of the digestive system, such as gastrointestinal cancer,
liver cancer, cholangiocarcinoma, and so on, account for a large proportion of DSMs. Gastric cancer
ranked the third in the world of cancer-related causes of death (2). The fourth leading cause of
cancer death in the world is primary liver cancer, and cholangiocarcinoma is also one of the highly
malignant tumors (3). Moreover, colorectal cancer (CRC) is one of the most common cancers
org June 2022 | Volume 13 | Article 9373071
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worldwide and accounts for nearly 8.5% of total cancer mortality
(4). In addition, esophageal cancer is the fourth leading cause of
cancer-related deaths among malignant tumors worldwide (5). To
an aging population, harmful dietary habits and lifestyles can
increase the risk of DSMs onset in high-income countries.
Advancements in a better understanding of the pathophysiology
provide new treatment options for advanced and late-stage cancer
diseases including individualized treatment (6). To date, receptor
tyrosine kinases (RTKs) are transmembrane glycoproteins in the
process of angiogenesis that connect with extracellular ligands and
cellular growth factors. Many important physiological processes
are activated and regulated, including cell proliferation, cell
growth, cell migration, cell differentiation, and apoptosis. RTKs
are also associated with pathological conditions including cancer,
metabolic and immune diseases. The development of
antiangiogenic agents targeting the vascular endothelial growth
factor (VEGF) signaling pathway plays a crucial role in the
treatment of cancer in recent years, including bevacizumab,
ramucirumab, sorafenib, and apatinib (7).

Apatinib, a novel, small molecule, selective tyrosine kinase
inhibitor (TKI), could inhibit multiple tumor-related kinases
(TRKs), such as vascular endothelial growth factor receptor-2
(VEGFR-2), and induce apoptosis, suppressing tumor
proliferation in multiple tumors (8). It was first verified to
prolong the progression-free survival (PFS) and overall survival
(OS) in advanced gastric cancer in a phase III clinical trial. Thus it
was approved by the National Medical Products Administration
(NMPA) of China in 2014 as an alternative anti-neoplastic drug
available for patients with advanced gastric cancer or
gastroesophageal junction (GEJ) carcinoma (9). Furthermore,
Apatinib exhibits promising anti-tumor activities in various
tumors, including hepatocellular carcinoma, breast cancer, and
non-small-cell lung cancer (10–12). Additionally, Apatinib could
sensitize resistant tumor cells to chemotherapy drugs meanwhile
reverse the multiple drug resistance (MDR) caused by ATP-
binding cassette transporters proteins (13).

Inhibition of angiogenesis is an important target of tumor
therapy while angiogenesis is one of the immune evasion
mechanisms (14, 15). Immunotherapy has become an integral
part of cancer treatment, demonstrating unprecedented clinical
benefits in a variety of malignancies, including patients with
aggressive, metastatic, and drug-resistant malignancies (16, 17).
However, mounting evidence shows that only a subgroup of
patients benefit, and tumors may adopt additional mechanisms
for immune destruction (16). Therefore, there is an increasing
interest in enhancing antitumor immunity with novel
combinatorial therapeutic strategies of immunotherapy (18, 19).
Growing evidence suggests that persistent angiogenesis contributes
to immune evasion by inducing a highly immunosuppressive
tumor microenvironment (TME) (20). Due to persistent pro-
angiogenic signaling pathways, morphologically abnormal tumor
vasculature results in additional blood perfusion and oxygenation,
leading to hypoxic areas and low pH in the TME (21).
Angiogenesis also impedes leukocyte infiltration and inhibits
dendritic cell maturation and increases intratumoral numbers of
myeloid-derived suppressor cells and regulatory T cells in order to
Frontiers in Immunology | www.frontiersin.org 2
affect immune responses (22). Thus tumor angiogenesis
promoting immune barrier for circulating leukocytes has been
well established, and an increasing number of immune cells exhibit
the dual ability to promote immunosuppression and angiogenesis
(23, 24). This impelled researchers to design a dual inhibition study
of antiangiogenic and anti-barrier compounds, which could
potentially synergize for the treatment of DSMs (25). Therefore,
the use of antiangiogenic agents to rebuild TME appears to be an
effective way to improve immune efficacy (15, 26). The fact that the
‘immune-excluded’ tumor phenotype has described the presence
of T cells in the tumor stroma but not in its parenchyma is also
identified (27). Moreover, it has also been found that VEGF
inhibits T cell development and function, as well as promotes T
cell exhaustion by upregulating immune checkpoints (28). Indeed,
the promise of an antiangiogenic drug in monotherapy or
combination immunotherapy has been established.

All these shreds of evidence support apatinib to be a rather
promising antiangiogenic agent for DSMs. Here in this review, we
aim to provide an overview of the structure, pharmacodynamic,
and pharmacokinetics of apatinib. Selected preclinical and clinical
progress of monotherapy or combined use of antiangiogenic drugs
and immunotherapy are also summarized. The inclusion criteria
of trials are completed with NCT registration numbers and full
data published in open-access journals. We highlight the possible
molecular mechanisms meanwhile clinical relevance underlying
the therapeutic potential of Apatinib in cancer treatment.
Together, evidence contributes to a better understanding of
angiogenesis therapy, thus achieving synergistic effects and
reducing side effects.
STRUCTURE, PHARMACODYNAMIC,
AND PHARMACOKINETICS

Apatinib (trade name Aitan®), molecular formula of
C25H27N5O4S, is an orally administered small-molecule
receptor TKI with a molecular weight of 473.178 Da, first
developed by Advenchen Laboratories, LLC (Northridge, CA,
USA). The chemical formula of apatinib is N-[4-(1-cyano-
cyclopentyl) phenyl]-2-(4-pyridylmethyl) amino-3-pyridine
carboxamide derived from PTK787/ZK222584 (Valatinib) (29).

When stimulated by VEGF signaling, the carboxy-terminal tail
and kinase-insert region of VEGFR‐2 are specifically auto-
phosphorylated for the SH2 domains of various signaling
molecules (29). Therefore, downstream signaling pathways such
as ERK, PKC, and PLC are successively activated, leading to the
peak pro-angiogenic effect. Apatinib could bind to the specific
domain of the receptor and consequently inhibit subsequent
effects of cell proliferation (30). Apatinib could also block c-Kit,
platelet-derived growth factor receptor (PDGFR)-b, Ret, and c-Src
in a concentration-dependent manner (29). Moreover, apatinib
can suppress tumor growth via stimulating endoplasmic reticulum
(ER) stress and protective autophagy, inducing apoptosis by
multiple cellular signaling pathways (31, 32).

The recommended apatinib intake dose is 850 mg per day in
China for the treatment of patients with advanced gastric cancer
June 2022 | Volume 13 | Article 937307
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or GEJ carcinoma (9). Pharmacokinetic studies revealed that the
mean time to peak plasma concentrations (Cmax) of apatinib was
3~4 hours, and the mean half-life (T1/2) was 9 hours following
single 500, 750, or, 850 mg doses, meanwhile, the concentrations
in plasma increased with dose (33). Interestingly, dose-
normalized exposure could decrease with increasing doses in
patients with advanced gastric cancer, suggesting non-linear dose
proportionality. Based on a study on healthy volunteers and
cancer patients, the latter exhibited delayed absorption and
slower clearance as a result of renal or hepatic impairment
(34). In the dosing groups of 850 mg (n=8), the Cmax and
AUC24 values showed high interindividual variability with a
geometric mean of 2,833 ng/mL and 21,975 ng·h/mL. In
addition, steady-state conditions of eleven patients were
achieved by day 6, and no accumulation during 56 days of
once-daily dosing with multidose cohort (33). The absorption
and elimination processes in healthy volunteers and cancer
patients with solid tumors were complexly exhibited by a two-
compartment model with mixed first- and zero-order absorption
together with first-order elimination. The analysis estimates of
the absolute clearance (CL/F) of apatinib were 57.8 L/h, and its
apparent volume in a stable condition was 112.5 L. The best
feature of the nonlinear dose proportionality was its sigmoidal
maximum effect (Emax) function of relative bioavailability (34).
The main pathways of apatinib biotransformation are E- and Z-
cyclopentyl-3-hydroxylation, N-dealkylation, pyridyl-25-N-
oxidation, 16-hydroxylation, deoxygenation, and O-
glucuronidation after 3-hydroxylation. After being metabolized
mainly by cytochrome P450 (CYP) 3A4/5 and, to a lesser extent,
by CYP2D6, CYP2C9, and, CYP2E1, nine major metabolites
were identified through comparison with the standard reference
(35). Within 96 hours after administration, the total recovery
rate of the administered dose was 76.8%, meanwhile, 69.8% and
7.02% of the administered dose were excreted through feces and
urine, respectively (36). A negligible amount of unchanged
apatinib was detected in the urine, indicating that the
systemically available administered dose was extensively
metabolized (33). The excellent properties of apatinib make it
a promising drug for clinical translation with a sum of 408
relevant clinical trials underway.
CLINICAL EFFICACY IN ADVANCED
GASTRIC CANCER

Monotherapy or Combination
Chemotherapy of Apatinib
Based on preclinical studies and phase I data, the main outcome
of the randomized, placebo-controlled, double-blind, phase II
trial and the phase III trial (NCT00970138) was PFS, while OS
was the other coprimary primary outcome in the phase III trial.
Secondary endpoints included objective response rate (ORR),
disease control rate (DCR), quality of life (QoL), and toxicity (9,
10). In the phase II trial, 144 patients in this study who had failed
at least two chemotherapy regimens were divided into three
Frontiers in Immunology | www.frontiersin.org 3
groups, including placebo (group A, n = 48), lapatinib 850 mg
once a day (group B, n = 47), or apatinib 425 mg twice a day
(group C, n = 46). The results demonstrated that, compared with
placebo, treatment with apatinib significantly prolonged the
median PFS and OS. The median OS time for group A was
2.50 months (95% CI, 1.87 to 3.70 months) and the median PFS
time was 1.40 months (95% CI, 1.20 to 1.83 months), while the
median OS time for groups B and C were 4.83 months (95% CI,
4.03 to 5.97 months) and 4.27 months (95% CI, 3.83 to 4.77
months), and the median PFS time was 3.67 months (95% CI,
2.17 to 6.80 months) and 3.20 months (95% CI, 2.37 to 4.53
months), respectively. There was no statistically significant
difference between the two different administration methods of
apatinib. Concerning safety, patients in group B had fewer grade
3~4 adverse events, including hypertension, hand-foot
syndrome, and diarrhea than patients in group C. Therefore,
the phase II study recommended the dosing regimen of 850 mg
once daily for the phase III trial (9). Among the 267 patients in
the Phase III trial, the median OS of the apatinib group was
significantly improved (6.5 months; 95% CI, 4.8 to 7.6 months)
compared with the placebo group (4.7 months; 95% CI, 3.6 to 5.4
months) and the apatinib group significantly prolonged the
median PFS(2.6 months; 95% CI, 2.0 to 2.9 months) in
comparison to placebo (1.8 months; 95% CI, 1.4 to 1.9
months) (10).

At the time of the open-label, multicenter, noninterventional
study of apatinib (NCT02668380), in a total of 337 patients, of
which 62 (18.4%), 102 (30.3%), and 173 (51.3%) received first-
line, second-line, and third-line or higher-line apatinib treatment
respectively, were divided into three groups, low-dose Group
(250 mg, n = 124), medium-dose group (425-500 mg, n = 198)
and high-dose group (675~850 mg, n = 15). Findings of the study
showed that there was no difference in the median OS (7.13
months; 95% CI, 6.17 to 7.93 months) and the median PFS (4.20
months; 95% CI, 4.60 to 4.77 months) among those three dose
groups. Interestingly, the data also demonstrated that the
treatment dose of apatinib received by patients with advanced
gastric cancer was much lower than the dose used in clinical
trials. The lower doses of apatinib (especially 425~500mg)
produced the same clinical benefits compared with the higher
dose drugs used in clinical trials with lower incidences of grade
3~4 adverse events (37). Coincidentally, in a prospective,
multicenter observation study (NCT03333967), a total of 747
patients were eligible and received low-dose apatinib (500 mg or
250 mg per day) with the median PFS (5.56 months; 95% CI, 4.47
to 6.28 months) and the median OS (7.50 months; 95% CI, 6.74
to 8.88 months). Prospective studies suggested that a low-dose
apatinib, which was lower than the previous phase III reported
dose, was an effective regimen for advanced gastric cancer with
tolerable or controllable toxicity (38).

The FAS analysis indicated that 54.9% of a total of 737 patients
with advanced gastric cancer received the treatment of apatinib
monotherapy, and 45.1% of patients were treated with combination
therapy, apatinib plus chemotherapy, including 44.1% of patients in
first-line treatment with apatinib, 28.2% in second-line treatment,
and 27.7% in third-line and above treatment. In first-line treatment,
June 2022 | Volume 13 | Article 937307
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the ORR of apatinib monotherapy and combination therapy
groups was 9.09% and 16.42%, and the DCR was 78.41% and
89.29%, respectively. Compared with monotherapy, patients in
combination therapy achieved significantly longer median PFS
(6.18 months; 95% CI, 5.26 to 7.73 months versus 3.52months;
95% CI, 2.66 to 5.92 months) and median OS (8.72 months; 95%
CI, 7.4 to 10.53 months versus 5.92months; 95% CI, 4.28 to 7.63
months). In second-line and third-line treatment, combination
therapy showed a better trend in tumor response and survival
outcomes in comparison to monotherapy. The safety of
combination treatment, especially combined with paclitaxel, was
tolerable, and no apatinib-specific adverse events had been reported
(39). In a small retrospective study of 34 patients, the median PFS
of the monotherapy group and concurrent apatinib and docetaxel
therapy group was 2.5 months (95% CI, 1.99 to 3.01 months) and 4
months (95% CI, 3.29 to 4.71 months), with the median OS of 3.3
months (95% CI, 2.76 to 3.84 months) and 6 months (95% CI, 2.86
to 9.14 months), respectively. This study also found that grade 3~4
toxicities of neutropenia, thrombocytopenia, proteinuria,
hyperbilirubinemia, hypertension, and fatigue were less in the
combination therapy group than in the monotherapy group (40).

The combination of apatinib in neoadjuvant chemotherapy can
turn unresectable advanced gastric cancer into resectable and
obtain benefits in the long-term prognosis. Growing evidence
suggested that preoperative chemotherapy could often convert
initially unresectable gastric cancer into resectable cancers. In a
retrospective study of 151 patients with unresectable gastric cancer
receiving the combination of S-1 (a fluorouracil drug) and cisplatin
or paclitaxel, the median OS time of 40 patients who received
conversion surgery was significantly longer than 111 patients who
underwent chemotherapy only (53 months versus 14 months)
(41). For neoadjuvant chemotherapy, adding targeted drugs in the
preoperative treatment had been recognized as an effective way to
improve survival outcomes and response rates in patients with
locally advanced gastric cancer. Therefore, a single-arm, open-
label, phase II trial (NCT04208347) was conducted to evaluate the
efficacy and safety of combining neoadjuvant chemotherapy with
targeted drug for a total of 29 patients with advanced gastric
adenocarcinoma. The patient received three preoperative cycles of
neoadjuvant therapy (NAT) (3 weeks/cycle), including SOX (S-1:
80~120 mg/day on 2 weeks; oxaliplatin: 130 mg/m2 intravenously
on day 1) and two consecutive cycles of orally administered
apatinib (500 mg/day for 3 weeks) at one-cycle intervals,
followed by surgery. After the resectability of tumors was
assessed by CT, a standard D2 lymphadenectomy gastrectomy
was performed and then the patients received three cycles of SOX
adjuvant chemotherapy. Pathologic response rate (pRR), the
primary end-point, was 89.7% (95% CI, 2.7 to 97.8%) with 28
patients who underwent surgery which was higher than the
previously reported SOX regimen in Japan and the previous
results in China due to the addition of apatinib in
chemotherapy. All 29 patients could be evaluated for
preoperative response evaluation with the ORR of 79.3% (95%
CI, 60.3 to 92.0%), the DCR of 96.6% (95% CI, 82.2 to 99.9%), the
margin-less resection rate of 96.6% (95% CI, 82.2% to 99.9%), and
the pathological complete remission rate of 13.8% (95% CI, 1.2 to
Frontiers in Immunology | www.frontiersin.org 4
26.3%). Concerning safety, the incidence of grade 3~4 adverse
events occurred in 10 (34.5%) patients, and surgery-related
complications were observed in 12 (42.9%) with the most
common complication of fever with no treatment-related death
occurring. All adverse events during the NAT period were tolerable
and controllable, indicating that apatinib can be safely added to the
SOX regimen before surgery (42). Another multicenter,
prospective, single-group, open-label, nonrandomized controlled
phase II trial (NCT03192735) provided a novel neoadjuvant
chemotherapy option, apatinib combined with S-1 plus
oxaliplatin, for patients with chemotherapy-refractory advanced
gastric cancer. A total of 48 patients with M0 and clinical T2 to T4

or N+ diseases were eligible to receive apatinib (500 mg orally once
a day for 3 weeks, and withdrawal in the last cycle) plus SOX, and
then a standard D2 gastrectomy was performed within 2 to 4 weeks
after the last cycle. The primary endpoint of the R0 resection rate in
40 patients who received surgery (95% had gastrectomy, and the
rest had exploratory laparotomy) was 75.0% (95% CI, 60.4 to
86.4%). The radiological response rate was 75.0%, and 16 of 44
patients (36.4%) had T downstage. In the comparison of CT
staging before and after treatment, 16 of 44 patients (36.4%) had
T downstage, of which 10 patients (62.5%) dropped from T4 to T3,
4 patients (25.0%) from T4 to T2, 2 patients (12.5%) from T4 to T1,
and 4 out of 41 patients (9.8%) had N downstage (N+ to N–).
There were no grade 4 adverse events or preoperative death
observed. Compared with patients who did not experience
adverse events, patients with grade 3 adverse events had a
significantly lower average number of preoperative cycles,
indicating that the incidence of adverse events was not related to
the cumulative exposure to the drug (43). Results from clinical
trials demonstrated that neoadjuvant chemotherapy combined
with apatinib achieved a better survival benefit in the
unresectable advanced gastric cancer with acceptable safety.

Combination Immunotherapy of Apatinib
In recent years, the use of anti-programmed cell death 1 (PD-1)
in combination with TKI drugs to improve efficacy has attracted
considerable attention (44). Although the additive or synergistic
effect of this approach has been proved with strong scientific
evidence, the acceptable level of toxicity is unknown (45). In
2019 Jianming Xu. et al. conducted a multicenter, single-arm,
phase I dose-escalation and expansion study (NCT03463876) to
evaluate the safety of the anti-PD-1 antibody camrelizumab
(SHR-1210) in combination with apatinib as second-line, or
later, therapy in patients with advanced HCC or GC/EGJC (46).
A total of fifteen patients entered into the dose-escalation phase
(Phase Ia), with patients (n=5 per cohort) receiving apatinib at
doses of 125, 250, or 500 mg combined with SHR-1210 200 mg.
28 patients were enrolled in the dose-expansion phase (Phase Ib)
and all 43 patients were conducted for safety assessment. In
Phase Ia, no adverse events were reported in the 125 mg group.
After 28 days of treatment, one patient in the 250 mg apatinib
cohort developed grade 3 adverse events (elevated lipase without
clinical symptoms of pancreatitis) and three patients in the 500
mg group had grade 3 immune-related pneumonitis. Among 23
evaluable GC/EGJC patients, median PFS was 2.9 months (95%
June 2022 | Volume 13 | Article 937307
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CI, 2.5 to 4.2 months) and median OS was 11.4 months (95% CI,
8,6 to NR months), while the ORR was 17.4% (95% CI, 5.0 to
38.9%) and the DCR was 78.3% (95% CI, 56.3 to 92.5%). The
convincing clinical efficacy obtained in this study was also higher
than that of apatinib alone. However, apatinib with
immunotherapy resulted in a slight increase in the incidence of
some apatinib-related adverse events or serious adverse events,
including hypertension and elevated alanine transaminase (ALT)
and aspartate transaminase (AST) levels. According to Atkins
and colleagues, camrelizumab may enhance these adverse events
(47). Despite the small number of cases, the results may suggest
that the combination treatment of camrelizumab and apatinib
may present synergistic effects by stimulating the tumor-induced
immunosuppressive microenvironment.

Camrelizumab (200 mg every 3 weeks, i.v.) in combination
with capecitabine and oxaliplatin (CAPOX) followed by
camrelizumab (200 mg once in 3 weeks, i.v.) plus apatinib (375
mg orally daily of every 3-week cycle) was evaluated in another
multicenter, open-label phase II clinical trial (NCT03472365) as
first-line combination therapy in patients with advanced gastric or
gastroesophageal junction adenocarcinoma. The results of all 48
enrolled patients showed an ORR of 58.3% (95% CI, 43.2 to
72.4%), a median OS of 14.9 months (95% CI, 13.0 to 18.6
months), and a median PFS of 6.8 months (95% CI, 5.6 to 9.5
months). Grade ≥3 adverse events included treatment-related
decreased platelet count (20.8%), decreased neutrophil count
(18.8%), and hypertension (14.6%). One patient (2.1%) died due
to abnormal liver function (48). Combinations of anti-PD-1 drugs
and anti-angiogenesis agents are considered to induce T-cell
activation and drive tumor cell responses to immune checkpoint
blockade, resulting in a more adequate response to anti-PD-1
monotherapy (49). In an open-label, single-arm, phase II clinical
trial (NCT04345783), a total of 24 patients with advanced gastric
or gastroesophageal junction adenocarcinoma received 200 mg
camrelizumab intravenously on day 1, 500 mg oral apatinib once
daily, and specific dose of oral S-1 on days 1-14. Regardless of PD-
L1 expression, the combination of camrelizumab, apatinib, and S-
1 as a promising second-line therapy for cancer patients showed
good antitumor activity and manageable toxicity (50).

The current selected clinical trial treatment efficacy data of
apatinib are summarized in Table 1. In addition, a Phase III trial of
apatinib in combination with immunotherapy (NCT03813784) is
underway, and results will be reported in the near future.
CLINICAL EFFICACY IN LIVER CANCER
AND CHOLANGIOCARCINOMA

Monotherapy or Combination Transarterial
Therapy of Apatinib
The AHELP study, as a randomized, multicenter, double-blind,
placebo-controlled, phase III trial (NCT02329860), was
completed to evaluate the efficacy and safety of apatinib in
pretreated patients with advanced hepatocellular carcinoma
who had been refractory or intolerant to previous first-line
Frontiers in Immunology | www.frontiersin.org 5
systemic chemotherapy (oxaliplatin-based chemotherapy),
targeted therapy (such as sorafenib), or both. A total of 400
eligible patients were randomly assigned to 2:1 groups receiving
apatinib 750 mg (n = 267) or placebo (n = 133) orally once daily
for a 28-day treatment cycle. Compared with the placebo group,
the median OS in the apatinib group was significantly improved
as the primary endpoint (8.70 months, 95% CI, 7.5 to 9.8 months
versus 6.8 months, 95% CI, 5.7 to 9.1; hazard ratio 0.785, 95% CI,
0.617 to 0.998) and the median PFS was notably increased in
comparison to placebo (4.5 months, 95% CI, 3.9 to 4.7 months
versus 1.9 months, 95% CI, 1.9 to 2.0; hazard ratio 0.471, 95% CI,
0.369 to 0.601). 257 patients in the apatinib group and 130
patients in the placebo group received the safety assessment after
the study treatment and thus the most common grade 3~4
adverse events were hypertension, hand-foot syndrome, and
decreased platelet count. 37 patients (24 in the apatinib group
and 13 in the placebo group) died due to adverse events, but the
researchers believed that these deaths were not related to therapy.
It was worth mentioning that the results of the AHELP trial led
NMPA to approve apatinib as a second-line treatment for
patients with advanced hepatocellular carcinoma on Dec 31,
2020 (51). Previous studies have shown that antiangiogenic
drugs can promote the infiltration of immunosuppressive cells
and enhance the expression of immune checkpoint molecules.
Anti-VEGF therapy in combination with immunotherapy is a
promising strategy to improve the treatment effect of patients
with advanced primary liver cancer (52).

In China, most patients at an advanced stage of the disease
cannot tolerate a radical surgery, and treatment of transcatheter
arterial chemoembolization (TACE) can effectively prolong the
survival time and increase the 2-year survival rate as a kind of the
preferred non-surgical treatment. However, TACE usually
cannot destroy all tumors, and the local hypoxia environment
caused by embolization also stimulates tumor neovascularization
(53). TACE combined with apatinib was proved to be an effective
and safe way for patients with advanced hepatocellular
carcinoma from the results of representative studies. In a total
of 125 patients with TACE refractory intermediate or advanced-
stage study, the median PFS of the TACE-apatinib group and
TACE alone group were 7.0 and 2.0 months, while the median
OS was 17.0 and 10.7 months, respectively (54). The median time
of tumor progression (TTP) and OS of the TACE-apatinib group
in another study were also significantly higher than those of the
TACE monotherapy group after PSM analysis (TTP: 7.0 months
versus 3.0 months; OS: 13.0 Months versus 8.0 months) (55).

Cholangiocarcinoma is one of the highly malignant tumors
with a poor prognosis and approximately 60~70% of patients
who are diagnosed with advanced stages are not suitable
for surgical resection. Although gemcitabine combined with
cisplatin or 5-fluorouracil is the first-line treatment to improve
survival, the median OS is still shorter than 1 year. The
fact that no standard second-line and higher therapy plan
suggests that new treatment methods are urgently needed to
establish to improve the survival of patients (56). There was
a prospective open-label phase II trial (NCT03521219)
to assess the clinical efficacy and safety of apatinib in 32
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patients with advanced cholangiocarcinoma after the failure of
gemcitabine-based chemotherapy. Patients were administered
a second-line monotherapy of orally 500 mg apatinib per
day for 28 days as a cycle until the disease progressed or
unacceptable toxicity appeared. The primary endpoint of the
ORR was 20.8% (95% CI, 9.24 to 40.47%) and the DCR was
62.5% (95% CI, 42.71 to 78.84%), meanwhile, the median PFS
was 95 days (95% CI, 79.70 to 154.34 days) and the median OS
was 250 days (95% CI, 112.86 to 387.14 days). Regarding safety,
the most common clinical adverse events, mainly grade 1 or 2,
included bone marrow suppression (69.2%), hypertension
(57.7%), and proteinuria (46.2%) with no death caused by
toxicity (57).

Combination Immunotherapy of Apatinib
The RESCUE study (NCT03463876), conducted by the same
author mentioned above, enrolled 70 first-line patients and
120 second-line patients with advanced hepatocellular carcinoma
receiving 200 mg intravenous camrelizumab every two weeks plus
250 mg oral apatinib every day in 4-week cycles based on the
results of the phase I study (46). As a non-randomized, open-label,
multicenter, phase II study, the ORR was 34.3% (95% CI, 23.3 to
46.6%) in the first-line group and 22.5% (95% CI, 15.4 to 31.0%) in
the second-line group. The median PFS in the two cohorts was 5.7
months (95% CI, 5.4 to 7.4 months) and 5.5 months (95% CI, 3.7
to 5.6 months), respectively. The 12-month OS were 74.7% (95%
CI, 62.5 to 83.5%) and 68.2% (95% CI, 59.0 to 75.7%), respectively.
The grade 3 treatment-related adverse events were reported in 147
(77.4%) of patients with hypertension (34.2%). Two patients (1.1%)
Frontiers in Immunology | www.frontiersin.org 6
had treatment-related deaths occurred. This manageable phase II
study demonstrated that camrelizumab combined with apatinib
represented durable responses, long survival, high ORR, and
controllable safety in advanced HCC (58). In a cohort,
multicenter phase Ib/II trial (NCT03092895), 28 patients were
enrolled to receive 3 mg/kg camrelizumab (once every 2 weeks)
plus different doses of apatinib (125, 250, 375, or 500 mg; once
daily) during a 3 + 3 dose-escalation phase and subsequent
expansion phase with the tolerability and safety as the primary
endpoint. The 375 mg cohort was expanded due to reported
two dose-limiting toxicities, grade 3 diarrhea in the 500 mg
cohort. 8 patients of the 19 patients in the 375 mg cohort
reduced apatinib dose to 250 mg within 2 months and 26
patients of 28 patients had treatment-related grade 3~4 adverse
events. The secondary endpoints included the median PFS of 3.7
months (95% CI, 2.0 to 5.8 months) and the median OS of 13.2
months (95% CI, 8.9 to NRmonths). In conclusion, a 250 mg dose
of apatinib was recommended as a combination regimen for
further studies with controllable toxicity and promising
antitumor activity (59).

Similarly, considering the potential combinational effects of
apatinib plus camrelizumab, it can be an effective treatment for
patients with cholangiocarcinoma. A prospective, non-
randomized, open-label phase II trial (NCT04642664) was
conducted on a total of 22 patients who had received
previously treatments with receiving apatinib 250 mg orally
per day, camrelizumab 200 mg intravenously every three weeks
until intolerable toxicity or disease progression happened. The
results of the median OS of 13.1 months (95% CI, 8.1 to 18.2
TABLE 1 | Selected clinical trials with apatinib in advanced gastric cancer.

Clinical trial
identifier

Phase Design Type Treatment Primary endpoint Results

NCT00970138 II/III Randomized, placebo-
controlled, parallel-arm

Interventional Apatinib, 850 mg qd p.o. Apatinib,
425 mg bid p.o. Placebo bid p.o.

Median PFS (months);
Median OS (months)

PhaseII: PFS: 3.67/3.20;
OS: 4.83/4.27; PhaseIII:
PFS: 2.6; OS: 6.5

NCT02668380 / Prospective, open label,
multicenter, noninterventional

Observational Apatinib, 250 mg qd p.o. Apatinib,
425-500 mg qd p.o. Apatinib, 675-
850 mg qd p.o.

Median PFS (months);
Median OS (months)

PFS: 4.20; OS: 7.13 no
difference among groups

NCT03333967 / Prospective, multicenter,
cohort

Observational Apatinib, 250 mg qd p.o. Apatinib,
500 mg qd p.o.

Median PFS (months);
Median OS (months)

PFS: 5.56; OS: 7.50

NCT04208347 II/III Randomized, single-arm,
open-label

Interventional Apatinib, 500 mg qd p.o.; S-1,
Oxaliplatin, every 2 weeks i.v.

pRR (%) pRR: 89.7

NCT03192735 II Multicenter, prospective,
single-group, open-label,
nonrandomized controlled

Interventional Apatinib, 500 mg qd p.o.; SOX;
Standard D2 gastrectomy

R0 resection rate (%) R0 resection rate:75.0

NCT03463876 II Single-arm, open-label,
Multicenter,

Interventional Apatinib, 125-500 mg qd p.o.; SHR-
1210, 200mg every 2 weeks i.v.

Median PFS (months);
Median OS (months);
ORR (%); DCR (%)

PFS: 2.9; OS: 11.4; ORR:
17.4; DCR: 78.3

NCT03472365 II Randomized Interventional Apatinib, 375mg qd p.o.;
Camrelizumab, 200mg every 3
weeks i.v.; CAPOX

Median PFS (months);
Median OS (months);
ORR (%)

PFS: 6.8; OS: 14.9; ORR:
58.3

NCT04345783 II Prospective, single-center,
single-arm, open-label

Interventional Apatinib, 500mg qd p.o.;
Camrelizumab, 200mg every 3
weeks i.v.; oral S-1

Median PFS (months);
Median OS (months)

PFS: 6.5; OS: NR

NCT03813784 III Randomized, open-label,
multi-center

Interventional Apatinib, 250mg qd p.o.;
Camrelizumab, 200mg every 3
weeks i.v.; Capecitabine; Oxaliplatin

Median PFS (months);
Median OS (months);
ORR (%)

/
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months), the median PFS of 4.4 months (95% CI, 2.4 to 6.3
months), the ORR of 19.0%, and the DCR of 71.4%
demonstrated that the regimen had favorable therapeutic
effects. Moreover, treatment-related adverse events occurred in
all patients, with 14 of 22 patients (63.6%) experiencing grade
3~4, and no death was observed (60). This is the first report on
the efficacy and safety of camrelizumab in combination with
apatinib in patients with cholangiocarcinoma. Most studies on
immunotherapy for advanced biliary tract cancer are in the
exploratory stage, and these findings demonstrated promising
therapeutic efficacy and relatively manageable toxicity, which
needs further trials (61, 62).

Selected clinical trials summarized in Table 2 highlighted that
PD-1/VEGFR-targeted therapy can maintain efficacy after
sorafenib exposure, suggesting no cross-reaction in the two
therapeutic approaches for the first time (26). Therefore, an
international multicenter randomized phase III study of
camrelizumab combined with apatinib (NCT03764293) is
conducted in progress in the first-line treatment of advanced
primary liver cancer.
CLINICAL EFFICACY IN COLORECTAL
CANCER

Monotherapy or Combination Therapy
of Apatinib
The efficacy and safety of apatinib in chemotherapy-refractory
patients with metastatic colorectal cancer were eligible for
assessments in a single-arm, multicenter, phase II clinical trial
(NCT03397199). The median PFS and OS of 29 patients who
received oral apatinib (250 mg daily) combined with S1 (40-60
mg/d in days 1-14, for 3 weeks) were 7.9 months (95% CI, 4.9 to
10.9 months) and 12.9 months (95% CI, 9.6 to 16.2 months),
respectively. Exploratory analysis showed that patients who took
Frontiers in Immunology | www.frontiersin.org 7
S-1 for ≥ 70 days achieved an ORR of 13.79% and a DCR of
89.66%. Ten grade 3 adverse events were reported and the
incidence of each event was less than 5%. No grade 4 side
effects were observed (63). The results of this apatinib
combination clinical trial are more convincing than another
multicenter, single-arm, prospective study of apatinib alone
treatment without NCT number. Overall, 48 patients were
given 500 mg apatinib once daily who had advanced
progression after second-line or higher-line standard
chemotherapy with a median PFS of 4.8 months (95% CI, 3.7
to 5.9 months) and the median OS of 9.1 months (95% CI, 5.2 to
13.1 months) (64). The results did not differ between subgroups
and were consistent with the recently published trials of apatinib
by a real-world retrospective study (PFS: 3.8 months, not
reaching OS) and a pilot Study (PFS: 4.8 months, OS: 10.1
months) (65, 66). The common grade 3~4 adverse events were
hypertension (6 of the 48 patients), hand-foot syndrome (5 of
those), thrombocytopenia (5 of those), and proteinuria (4 of
those), which were the main reasons for dose modification
of apatinib (64). It was more likely to benefit from apatinib for
patients with metastatic colorectal cancer who previously
received antiangiogenesis therapy and had baseline elevated
neutrophil to lymphocyte ratio (67). In the latest phase-II,
single-arm, prospective study (NCT03210064), 16 patients who
had failed at least 2 previous standard treatment regimens with
pathologically colorectal cancer received apatinib 250mg for 28
consecutive days and 5-FU, resulting in the ORR was 25.0% (95%
CI, 7.3 to 52.4%), and the DCR was 68.8% (95% CI, 41.3 to
89.0%). The median PFS was 4.83 months (95% CI, 2.2 to 8.9
months), and the median OS was 9.10 months (95% CI, 5.6 to
15.2 months). Grade 3 adverse events occurred in 7 patients,
including hand-foot syndrome (18.75%), hypertension (12.50%),
and proteinuria (12.50%) (68). The excellent anti-tumor effect of
the combination regimen may be related to the multiple
antitumor mechanisms of apatinib and the cytotoxicity of
5-FU (69).
TABLE 2 | Selected clinical trials with apatinib in liver cancer and cholangiocarcinoma.

Clinical trial
identifier

Phase Design Type Treatment Primary endpoint Results

NCT02329860 III Randomized, multicenter,
double-blind, placebo-
controlled

Interventional Apatinib, 750 mg qd p.o. Placebo
bid p.o.

Median PFS (months); Median
OS (months)

PFS: 4.5; OS: 8.7

NCT03521219 II Prospective, open-label Interventional Apatinib, 500 mg qd p.o. Median PFS (months); Median
OS (months); ORR (%); DCR (%)

PFS: 3.2; OS: 8.3;
ORR: 20.8; DCR: 62.5

NCT03463876 II Single-arm, non-randomized,
open-label, multicenter

Interventional Apatinib, 250mg qd p.o.;
Camrelizumab, 200mg every 2
weeks i.v.

Median PFS (months); 12-month
OS (%); ORR (%)

PFS: 5.7/5.5; OS:
74.7/68.2; ORR: 34.3/
22.5

NCT03092895 II Nonrandomized, cohort,
open-label, multicenter

Interventional Apatinib, 375 mg qd p.o.; SHR-
1210, 3 mg/kg every 2 weeks i.v.

Median PFS (months); Median
OS (months)

PFS: 3.7; OS: 13.2

NCT04642664 II Prospective, non-randomized,
open-label

Interventional Apatinib, 375mg qd p.o.;
Camrelizumab, 200mg every 3
weeks i.v.

Median PFS (months); Median
OS (months); ORR (%); DCR (%)

PFS: 4.4; OS: 13.1;
ORR: 19.0; DCR: 71.4

NCT03764293 III Randomized, open-label,
international, multicenter

Interventional Apatinib, 250mg qd p.o.;
Camrelizumab, 200mg every 2
weeks i.v.

Median PFS (months); 12-month
OS (%)

/
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Combination Immunotherapy of Apatinib
Regarding combination therapy of the REGONIVO study
(NCT03912857), a prospective, single-arm, open-label, phase II
trial demonstrated that apatinib may improve the efficacy of
camrelizumab in the treatment of microsatellite stable (MSS)
metastatic colorectal cancer. 10 patients received 375 mg of
apatinib orally once daily, and the dose of apatinib could be
reduced to 250 mg for those who could not tolerate the toxicity.
Camrelizumab is administered intravenously every two weeks
at a dose of 200 mg. However, in this study, all patients
(100%) had treatment-related adverse events with an ORR of
0%, a DCR of 22.2%, a median PFS of 1.83 months (95% CI,
1.80 to 1.86 months), and a median OS of 7.80 months (95% CI,
0 to 17.07 months). Apatinib combined with immunotherapy
failed to improve the therapeutic effect while producing
serious adverse effects. Reducing the dose of apatinib or
combining anti-PD-1 antibodies with other well-tolerated
antiangiogenic drugs may help to design new and better
treatment strategies. The leading reason for failure was the
intolerable toxicity to patients including hypertension and
proteinuria (70% each) (70).

The selected clinical trials are found in Table 3 that apatinib
combined with chemotherapy achieved clinical effects in the
treatment of advanced colorectal cancer to some extent, while
unfortunately, the combination of immunotherapy has not seen
the dawn of victory. This result is related to the fact that the
sample size is small, hence more follow-up case reports are
needed to support the evidence.
CLINICAL EFFICACY IN ESOPHAGEAL
SQUAMOUS CELL CARCINOMA

Combination Immunotherapy of Apatinib
For patients with esophageal squamous cell carcinoma who had
failed current first-line chemotherapy, apatinib combined with S-
1, paclitaxel, or paclitaxel/capecitabine had demonstrated
Frontiers in Immunology | www.frontiersin.org 8
promising outcomes (71–73). The effective and well-tolerated
combination therapy had the potential to be a potent
therapeutic regime. However, the lack of registered NCT
number and relatively small sample size required more
investigative and complete clinical trials to validate the findings.

Recent a multicenter study (NCT03736863) of single-arm,
open-label phase II immunotherapy combination in patients with
unresectable locally recurrent, locally advanced, or metastatic
esophageal squamous cell carcinoma who were intolerant to or
had progressed after the first-line chemotherapy. A total of 52
patients received camrelizumab 200 mg intravenously every 2
weeks plus oral apatinib 250 mg for 28 days. In the full analysis
set, the ORR was 34.6% (95% CI, 22.0 to 49.1%) and the DCR was
78.8% (95% CI, 65.3 to 88.9%). The median PFS was 6.8 months
(95% CI, 3.8 to 10.4 months) and the median OS was 15.8 months
(95% CI, 8.4 to 16.2 months). 23 (44%) of 52 patients had
treatment-related grade 3-4 adverse events including increased
gamma-glutamyltransferase (19%), increased aspartate
aminotransferase (19%), and increased alanine aminotransferase
(10%) (74). As a potential second-line treatment provided an
option for patients with advanced esophageal squamous cell
carcinoma and the safety was controllable. A phase III clinical
study is needed to verify the promising benefit of this combination.
In a three-drug combination single-arm prospective phase II trial
(NCT03603756) of camrelizumab combined with apatinib and
chemotherapy, patients with unresectable locally advanced or
recurrent/metastatic esophageal squamous cell carcinoma
received 200 mg camrelizumab, 150 mg/m2 liposomal paclitaxel
and 50 mg/m2 nedaplatin on day 1, and 250 mg apatinib on days 1-
14. The results of ORR in 30 patients was 80.0% (95% CI, 61.4-
92.3%) and the DCR reached 96.7% (95% CI, 82.8-99.9%). The
median PFS was 6.85 months (95% CI, 4.46-14.20 months) and the
median OS was 19.43 months (95% CI, 9.93 months - not reached).
The most common grade 3-4 treatment-related adverse events
were leukopenia (83.3%) and neutropenia (60.0%) (75).
Camrelizumab combined with apatinib, liposomal paclitaxel, and
nedaplatin as first-line therapy showed feasible antitumor activity
and manageable safety in this patient population. In the near
TABLE 3 | Selected clinical trials with apatinib in colorectal cancer and esophageal squamous cell carcinoma.

Clinical trial
identifier

Phase Design Type Treatment Primary endpoint Results

NCT03397199 II Single-arm,
multicenter

Interventional Apatinib, 250 mg qd p.o.; S-1 Median PFS (months); Median
OS (months)

PFS: 7.9; OS: 12.9

NCT03210064 II Randomized,
single-arm,
multicenter

Interventional Apatinib, 250 mg qd p.o.; 5-fluorouracil
derivatives

Median PFS (months); Median
OS (months); ORR (%); DCR
(%)

PFS: 4.83; OS: 9.10;
ORR: 25.0; DCR:
68.8

NCT03912857 II Prospective,
single-arm, open-
label

Interventional Apatinib, 250 mg qd p.o.; SHR-1210, 200mg
every 2 weeks i.v.

Median PFS (months); Median
OS (months); ORR (%); DCR
(%)

PFS: 1.83; OS: 7.80;
ORR: 0; DCR: 22.2

NCT03736863 II Single-arm, open-
label

Interventional Apatinib, 250 mg qd p.o.; SHR-1210, 200mg
every 2 weeks i.v.

Median PFS (months); Median
OS (months); ORR (%); DCR
(%)

PFS: 6.8; OS: 15.8;
ORR: 34.6; DCR:
78.8

NCT03603756 II Prospective,
single-group

Interventional Apatinib, 250 mg qd p.o.; SHR-1210, 200mg
every 2 weeks i.v.; Liposomal paclitaxel;
Nedaplatin

Median PFS (months); Median
OS (months); ORR (%); DCR
(%)

PFS: 6.85; OS:
19.43; ORR: 80;
DCR: 96.7
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future, it will be necessary to evaluate this new combined approach
in a randomized phase III trial. All selected clinical trials are found
in Table 3.
MOLECULAR MECHANISMS

In clinical trials, apatinib showed comparable survival results,
meanwhile, the observed promising efficacy of apatinib may be
due to the following reasons. First, apatinib has highly selective
competition in the tyrosine kinase activity of VEGFR-2, the most
significant receptor in tumor pathological conditions, then
blocking downstream VEGF-mediated endothelial cell
proliferation and inhibiting tumor angiogenesis (76). Anti-
proliferative as a kind of important feature in apatinib has been
addressed by researchers. For example, Zhijian Jin et al. have
investigated that in anaplastic thyroid carcinoma cells line
treatment of apatinib reduced the expression of angiopoietin and
inhibited the angiogenesis in vivo and vitro. Apatinib inhibited cell
growth by inducing apoptosis and blocking cell cycle progression
G0/G1 phase in a dose-dependent manner by inducing
suppression of AKT/GSK-3b/ANG signaling pathway (77). He K
et al. showed the biological function of apatinib in pancreatic
cancer cells line including inhibiting the expression of hypoxia-
inducible factor-1a (HIF-1a) and markers of the PI3K/AKT/
mTOR signaling pathway was able to reduce the proliferation
(78). Second, apoptosis and autophagy are the two main
mechanisms leading to programmed cell death. Up-regulation of
autophagy and apoptosis may lead to the death of tumor cells.
Haoran Feng et al. examined that apatinib down-regulated p-AKT
and p-mTOR signals through the AKT/mTOR pathway and
induced autophagy and apoptosis in human anaplastic thyroid
carcinoma cells line. In addition, inhibition of apatinib-induced
autophagy increased apoptosis, and the combination of apatinib
and the autophagy inhibitor chloroquine produced a promising
tumor suppression effect in vivo and in vitro (31). Meanwhile, Lu
et al. firstly discovered that in colorectal cancer cell lines apatinib
could induce autophagy in vitro but no further mechanisms had
been found (79). Interestingly, a novel antitumor effect of
pyroptosis was identified by Qiwu Zhao et al. in the combined
application of apatite and melittin for patients with anaplastic
thyroid carcinoma. Mechanistically, upregulated cleaved caspase-1
activated caspase-3 by generating GSDMD-N terminal, while
cleaved caspase-3 enhanced caspase-1 activation which could
induce pyroptosis by GSDME-N and vice versa. These processes
constitute a unique system involving two-way positive feedback
regulation (80). Our previous study indicated that after apatinib
treatment ER stress could induce autophagy in colorectal cancer
cell lines through the IRE1a pathway. Moreover, the autophagy
activation induced by apatinib treatment had a protective effect on
the colorectal cancer cells line. The combination of chloroquine
and siRNA targeting Atg5 to block autophagy could significantly
drive the apoptosis process. Therefore, the use of chloroquine
combined with apatinib therapy tended to have a better significant
tumor suppression (81). An interesting mechanism recently
reported for gastric cancer xenograft models through microRNA
Frontiers in Immunology | www.frontiersin.org 9
and circular RNA-sequencing analysis was proved by Ling Ma
et al. that circRACGAP1 acted as an endogenous sponge of miR-
3657 to block its activity and then upregulated ATG7 expression to
promote autophagy activation. Moreover, the knockdown of
circRACGAP1 in vitro and in vivo by autophagy inhibition
made gastric cancer cell lines sensitive to apatinib (82). Further
research is needed to provide more comprehensive and
detailed evidence.

As previously mentioned, shreds of evidence have been
provided that angiogenesis-induced immunosuppression can
be used to improve immunotherapy from numerous preclinical
studies (83). Therefore, the treatment of adding antiangiogenic
drugs to immunotherapy is considered to be attractive. First, the
effective antitumor response of PD-1 blockade is mainly
dependent on the ability of specific T cells to infiltrate tumor
areas. Abnormal tumor vasculature often produces hypoxia and
acidic TME to interfere with drug penetration in tumor (84, 85).
Hypoxia further promotes angiogenesis, epithelial-mesenchymal
transition, and tumor metastasis through vascular endothelial
growth factor A (VEGFA) or HIF-1, exacerbating hypoxia and
immunosuppression, and patients are less likely to benefit from
this therapy (86, 87). In immunosuppressive TME, apatinib may
show a promising immunomodulatory activity. Second,
sufficient clinical data support that inhibition of the VEGFA
signaling pathway may improve T-cell-mediated antitumor
immunity (88, 89). However, Yinli Yang et al. proposed that in
a syngeneic mouse model of liver cancer, the natural killer cells,
but not CD4+ or CD8+ T cells, mediate the therapeutic effect of
apatinib. In addition, apatinib not only effectively inhibited
tumor growth and angiogenesis in liver cancer but also
induced NK cell activation, increased levels of interferon-g, and
decreased levels of tumor necrosis factor-a and interleukin-6,
suggesting the potential benefit of combination therapy with PD-
1 blockade and apatinib in liver cancer (90). Third, high
endothelial venules (HEVs) can arise spontaneously as
anatomically postcapillary venules found in cancer (91) and
are often associated with good clinical outcomes (92–96).
Preliminary exploration by Yu Zhang et al. demonstrated an
association between clinical outcomes and HEVs in several solid
tumors. The role of HEVs was associated with lymphocyte
infiltration, immune targeting, and response to targeted
therapy. The combination of apatinib and PD-L1 blockade
increased the ratio of CD8+ cytotoxic T cells to Foxp3+ Treg
cells, accumulation of CD20+ B cells, and Th1/Th2 cytokine ratio
to promote antitumor immunity. Combination therapy induced
HEVs formation by activating LTbR signaling, thus promoting
the infiltration of CD8+ cytotoxic T cells and CD20+ B cells in the
tumor. The results synergistically delayed the tumor growth and
improved survival in gastric cancer mice (97). Anti-angiogenesis
can prevent metastasis, improve immunotherapy, enhance drug
penetration, and reshape the TME (23, 98, 99). In this way,
apatinib combined with immunotherapy has a molecular
theoretical basis in Figure 1.

Apatinib inhibits the tumor cells’ proliferation, angiogenesis,
and apoptosis through VEGFR-2/PI3K/AKT/GSK3b. Moreover,
apatinib stimulates apoptosis, autophagy, and pyroptosis via
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PI3K/AKT/mTOR and ER-stress/IRE1a. In TME, a hypoxic
environment leads to tumor resistance to PD-1/PD-L1, while
apatinib can inhibit HIF/VEGFA to increase the sensitivity of
immune checkpoint blockade agents and activate NK、CD4+ or
CD8+ T cells. CD8+ T cells, Treg cells, and CD20+ B cells can be
activated by combination therapy to increase tumor-associated
HEVs, thus reshaping it an immunostimulatory TME. PI3Ks,
Phosphoinositide 3-kinases; GSK-3b, Glycogen synthase kinase 3
beta; ANG, Angiogenin; HIF, Hypoxia-inducible factor; mTOR,
Mammalian target of rapamycin; IRE1a, Inositol-requiring
enzyme-1a.

Several excellent preclinical studies have shown that inhibition
of angiogenesis, alone or in combination with different
immunotherapies, improves antitumor immunity. For example,
the VEGFA-overexpressed mice breast and colon subcutaneous
models characterized by hypoxia, hyper-angiogenesis, and
immunosuppressive TME were established, which displayed
innate resistance to immunosuppressive agents. In the VEGFA-
overexpressed TME, apatinib attenuated excessive angiogenesis
and hypoxia and converted the immunosuppressive TME to an
immunostimulatory TME. In contrast, no beneficial phenomenon
was observed in tumor-bearing mice without VEGFA
overexpression. The combination of apatinib and immune
checkpoint inhibitory caused T cell exhaustion, downregulated
inhibitory receptors’ co-expression, and reduced suppressive
immune cells’ accumulation, including regulatory T cells (Tregs)
(100). These findings indicate that combination immunotherapy
can be applied in a specific population, which might bring new
inspiration to immunotherapy ineffective patients with colorectal
cancer. In another immunocompetent mice model of
subcutaneous MFC tumors study, combined treatment with
apatinib and PD-L1 blockade synergistically delayed tumor
growth and improved survival rates in MFC tumor-bearing
Frontiers in Immunology | www.frontiersin.org 10
immunocompetent mice. It is explained that combined apatinib
and PD-L1 blockage treatment synergistically promotes HEV
formation and enhances antitumor immune responses in gastric
cancer (97). Further, in the co-culture system, apatinib-treated
cancer cells upregulated PD-L1 expression and angiogenesis
inhibition, and hindered T cell activation and IFN-g secretion,
which was reversed by an anti-PD-1 antibody. The anti-PD-1
antitumor efficacy was enhanced in a mouse model (CT-26 cells in
Balb/c). The combination therapy had a more significant
inhibitory effect on the growth of allograft tumors in mice than
monotherapy (101). Taken together, these studies shown in
Figure 2 demonstrate that antiangiogenic drugs can improve
intratumoral infiltration and activation of effector T cells, thus
enhancing the efficacy of immunotherapy.
CONCLUSION AND FUTURE
PERSPECTIVE

The efficacy and safety of apatinib in the treatment of advanced
gastric cancer and GEJ carcinoma had been confirmed by NMPA
in 2014. Meanwhile, several clinical trials based on the molecular
mechanisms are in progress to explore the application in other
solid tumors currently. In this review, we summarized the results
of apatinib treatment in clinical trials and clarified the promising
improvement in the treatment of DSMs. In the third-line or
subsequent treatment of advanced gastric cancer, compared with
placebo, oral apatinib can significantly prolong the median PFS
and OS with manageable and tolerable safety from these clinical
researches. The AHELP study concluded above demonstrated that
apatinib achieved a comparable effect in patients with advanced
hepatocellular carcinoma as a second-line treatment approved by
FIGURE 1 | Molecular mechanisms involved in the antitumor effect of apatinib monotherapy and combination immunotherapy.
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NMPA on Dec 31, 2020. Exploratory studies also showed that
apatinib had competitive efficacy in cholangiocarcinoma,
colorectal cancer, and esophageal squamous cell carcinoma, thus
the following large-scale phase III clinical trials were required for
detailed verification. Growing evidence indicated that the
combination of apatinib and some other invasive or non-
invasive treatments could convert initially unresectable advanced
tumors into resectable tumors. Up to now, immune checkpoint
blockade has been an attractive option, especially for patients with
advanced or metastatic tumors, while only a part of patients
benefits from it. For patients with advanced gastric cancer, the
combination of apatinib and camrelizumab can improve median
PFS and median OS notably. The result is better than that of any
single drug, especially the median OS, which extended from four
months to more than ten months. As the most promising second-
line targeted therapy for liver cancer, although there is no
significant difference in PFS compared with apatinib
monotherapy, immune checkpoint blockade agents greatly
improve overall survival time and enhance the ORR and the
DCR status to varying degrees. The failure of safety and efficacy of
apatinib combined with immunotherapy in colorectal cancer
limits the wide range of combination immunotherapy
applications. The main reason for failure was the intolerable
toxicity and the restricted sample size. The combination of
immune checkpoint inhibitors and antiangiogenic drugs has
surprising effects in esophageal squamous cell carcinoma, while
it still needs to be further confirmed by large-scale, multicenter,
randomized phase III clinical trials. The molecular mechanisms of
combination therapy include reshaping immunosuppressive TME
into immunostimulatory TME, improving NK and T-cell-
mediated antitumor immunity, and inducing HEVs formation,
thus synergistically improving survival and inhibiting tumor
proliferation. It would be plausible to sustain that the
angiogenesis process is an important driver of DSMs,
meanwhile, it is reasonable to become the optimal target
according to the mechanism. Some latest findings of the direct
Frontiers in Immunology | www.frontiersin.org 11
functional mechanisms of apatinib in inhibiting multiple TRKs
and related pathways were discussed above. As a result, the anti-
proliferation, apoptosis-inducing, and autophagy-inducing
properties were explored in the corresponding signaling
pathway. However, future research efforts to gain a deeper
understanding of the mechanism of apatinib, a new oral
VEGFR-2 inhibitor, are still important to improve the survival
time of patients with DSMs and find better responders. To date,
some standard second-line treatments for DSMs are still
controversial. As a promising treatment regimen, combination
usage with other drugs and the optimal dose in the treatment of
other types of DSMs is required to be determined in further
clinical studies and long-term pharmacovigilance. It is also
significant to identify predictive biomarkers to select the best
candidates based on big data in anti-angiogenesis therapies. In
all, given the features of a convenient administration regimen with
a good prognosis and limited treatment options, apatinib remains
an optimal choice for patients with DSMs in the future.
AUTHOR CONTRIBUTIONS
LH, HH, and ZT were responsible for the primary review of
literature and writing. FH, WS, and ZY analyzed and summarized
the information. JX, CX, and ZR guided and supervised this study.
All authors listed made a substantial, direct, and intellectual
contribution to the work and approved it for publication.
FUNDING
The study was supported by the Shanghai Science and Technology
Commission, 18ZR1424300 (R.Z.); Shanghai hospital
development center, SHDC2020CR1026B (R.Z); Shanghai
Health Commission, 2019SY058 (R.Z.); National Natural
Science Foundation of China, 82002475 (X.C.); Shanghai sailing
program, 20YF1427700 (X.C.).
FIGURE 2 | Therapeutic strategies of apatinib combined with immune checkpoint inhibitors to match the expanding gradient of systemic therapeutic responsiveness.
June 2022 | Volume 13 | Article 937307

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Li et al. Apatinib in Digestive System Malignancies
REFERENCES
1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer Statistics, 2021. CA Cancer

J Clin (2021) 71(1):7–33. doi: 10.3322/caac.21654
2. Thrift AP, El-Serag HB. Burden of Gastric Cancer. Clin Gastroenterol

Hepatol (2020) 18(3):534–42. doi: 10.1016/j.cgh.2019.07.045
3. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global

Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin (2018) 68
(6):394–424. doi: 10.3322/caac.21492

4. Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson
JC, et al. Colorectal Cancer Statistics, 2020. CA Cancer J Clin (2020) 70
(3):145–64. doi: 10.3322/caac.21601

5. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer
Statistics in China, 2015. CA Cancer J Clin (2016) 66(2):115–32. doi:
10.3322/caac.21338

6. Dekker E, Tanis PJ, Vleugels JLA, Kasi PM, Wallace MB. Colorectal Cancer.
Lancet (2019) 394(10207):1467–80. doi: 10.1016/S0140-6736(19)32319-0

7. Apte RS, Chen DS, Ferrara N. VEGF in Signaling and Disease: Beyond
Discovery and Development. Cell. (2019) 176(6):1248–64. doi: 10.1016/
j.cell.2019.01.021

8. Ferrara N, Gerber HP, LeCouter J. The Biology of VEGF and its Receptors.
Nat Med (2003) 9(6):669–76. doi: 10.1038/nm0603-669

9. Li J, Qin S, Xu J, Guo W, Xiong J, Bai Y, et al. Apatinib for Chemotherapy-
Refractory Advanced Metastatic Gastric Cancer: Results From a
Randomized, Placebo-Controlled, Parallel-Arm, Phase II Trial. J Clin
Oncol (2013) 31(26):3219–25. doi: 10.1200/JCO.2013.48.8585

10. Li J, Qin S, Xu J, Xiong J, Wu C, Bai Y, et al. Randomized, Double-Blind,
Placebo-Controlled Phase III Trial of Apatinib in Patients With
Chemotherapy-Refractory Advanced or Metastatic Adenocarcinoma of the
Stomach or Gastroesophageal Junction. J Clin Oncol (2016) 34(13):1448–54.
doi: 10.1200/JCO.2015.63.5995

11. Hu X, Zhang J, Xu B, Jiang Z, Ragaz J, Tong Z, et al. Multicenter Phase II
Study of Apatinib, a Novel VEGFR Inhibitor in Heavily Pretreated Patients
With Metastatic Triple-Negative Breast Cancer. Int J Cancer. (2014) 135
(8):1961–9. doi: 10.1002/ijc.28829

12. Rong X, Liu H, Yu H, Zhao J, Wang J, Wang Y. Efficacy of Apatinib
Combined With FOLFIRI in the First-Line Treatment of Patients With
Metastatic Colorectal Cancer. Invest New Drugs (2022) 40(2):340–8. doi:
10.1007/s10637-021-01205-3

13. Mi YJ, Liang YJ, Huang HB, Zhao HY, Wu CP, Wang F, et al. Apatinib
(YN968D1) Reverses Multidrug Resistance by Inhibiting the Efflux Function
of Multiple ATP-Binding Cassette Transporters. Cancer Res (2010) 70
(20):7981–91. doi: 10.1158/0008-5472.CAN-10-0111

14. Song Y, Fu Y, Xie Q, Zhu B, Wang J, Zhang B. Anti-Angiogenic Agents in
Combination With Immune Checkpoint Inhibitors: A Promising Strategy
for Cancer Treatment. Front Immunol (2020) 11:1956. doi: 10.3389/
fimmu.2020.01956

15. Yang T, Xiao H, Liu X, Wang Z, Zhang Q, Wei N, et al. Vascular
Normalization: A New Window Opened for Cancer Therapies. Front
Oncol (2021) 11:719836. doi: 10.3389/fonc.2021.719836

16. Sharma P, Hu-Lieskovan S, Wargo JA, Ribas A. Primary, Adaptive, and
Acquired Resistance to Cancer Immunotherapy. Cell. (2017) 168(4):707–23.
doi: 10.1016/j.cell.2017.01.017

17. Ribas A WJ. Cancer Immunotherapy Using Checkpoint Blockade. Science
(2018) 359:1350–5. doi: 10.1126/science.aar4060

18. Karasarides M, Cogdill AP, Robbins PB, Bowden M, Burton EM,
Butterfield LH, et al. Hallmarks of Resistance to Immune-Checkpoint
Inhibitors. Cancer Immunol Res (2022) 10(4):372–83. doi: 10.1158/2326-
6066.CIR-20-0586

19. He J, Xiong X, Yang H, Li D, Liu X, Li S, et al. Defined Tumor Antigen-
Specific T cells Potentiate Personalized TCR-T cell Therapy and Prediction
of Immunotherapy Response. Cell Res (2022) 32(6):530–42. doi: 10.1038/
s41422-022-00627-9

20. Wu M, Huang Q, Xie Y, Wu X, Ma H, Zhang Y, et al. Improvement of the
Anticancer Efficacy of PD-1/PD-L1 Blockade via Combination Therapy and
PD-L1 Regulation. J Hematol Oncol (2022) 15(1):24. doi: 10.1186/s13045-
022-01242-2
Frontiers in Immunology | www.frontiersin.org 12
21. Chouaib S, Noman MZ, Kosmatopoulos K, Curran MA. Hypoxic Stress:
Obstacles and Opportunities for Innovative Immunotherapy of Cancer.
Oncogene. (2017) 36(4):439–45. doi: 10.1038/onc.2016.225

22. Gabrilovich DI, Chen HL, Girgis KR, Cunningham HT, Meny GM, Nadaf S,
et al. Production of Vascular Endothelial Growth Factor by Human Tumors
Inhibits the Functional Maturation of Dendritic Cells. Nat Med (1996) 2
(10):1096–103. doi: 10.1038/nm1096-1096

23. Fukumura D, Kloepper J, Amoozgar Z, Duda DG, Jain RK. Enhancing Cancer
Immunotherapy Using Antiangiogenics: Opportunities and Challenges. Nat
Rev Clin Oncol (2018) 15(5):325–40. doi: 10.1038/nrclinonc.2018.29

24. Khan KA, Kerbel RS. Improving Immunotherapy Outcomes With Anti-
Angiogenic Treatments and Vice Versa. Nat Rev Clin Oncol (2018) 15
(5):310–24. doi: 10.1038/nrclinonc.2018.9

25. Motz GT, Coukos G. The Parallel Lives of Angiogenesis and
Immunosuppression: Cancer and Other Tales. Nat Rev Immunol (2011)
11(10):702–11. doi: 10.1038/nri3064

26. Pinato DJ, Fessas P, Cortellini A, Rimassa L. Combined PD-1/VEGFR
Blockade: A New Era of Treatment for Hepatocellular Cancer. Clin Cancer
Res (2021) 27(4):908–10. doi: 10.1158/1078-0432.CCR-20-4069

27. Padda SK, Reckamp KL. Combination of Immunotherapy and
Antiangiogenic Therapy in Cancer-A Rational Approach. J Thorac Oncol
(2021) 16(2):178–82. doi: 10.1016/j.jtho.2020.11.007

28. Ohm JE, Gabrilovich DI, Sempowski GD, Kisseleva E, Parman KS, Nadaf S,
et al. VEGF Inhibits T-Cell Development and may Contribute to Tumor-
Induced Immune Suppression. Blood. (2003) 101(12):4878–86. doi: 10.1182/
blood-2002-07-1956

29. Tian S, Quan H, Xie C, Guo H, Lu F, Xu Y, et al. YN968D1 is a Novel and
Selective Inhibitor of Vascular Endothelial Growth Factor Receptor-2
Tyrosine Kinase With Potent Activity In Vitro and In Vivo. Cancer Sci
(2011) 102(7):1374–80. doi: 10.1111/j.1349-7006.2011.01939.x

30. Zhang H. Apatinib for Molecular Targeted Therapy in Tumor. Drug Des
Devel Ther (2015) 9:6075–81. doi: 10.2147/DDDT.S97235

31. Feng H, Cheng X, Kuang J, Chen L, Yuen S, Shi M, et al. Apatinib-Induced
Protective Autophagy and Apoptosis Through the AKT-mTOR Pathway in
Anaplastic Thyroid Cancer. Cell Death Dis (2018) 9(10):1030. doi: 10.1038/
s41419-018-1054-3

32. Wang YM, Xu X, Tang J, Sun ZY, Fu YJ, Zhao XJ, et al. Apatinib Induces
Endoplasmic Reticulum Stress-Mediated Apoptosis and Autophagy and
Potentiates Cell Sensitivity to Paclitaxel via the IRE-1a-AKT-mTOR
Pathway in Esophageal Squamous Cell Carcinoma. Cell Biosci (2021) 11
(1):124. doi: 10.1186/s13578-021-00640-2

33. Ding J, Chen X, Gao Z, Dai X, Li L, Xie C, et al. Metabolism and
Pharmacokinetics of Novel Selective Vascular Endothelial Growth Factor
Receptor-2 Inhibitor Apatinib in Humans. Drug Metab Dispos (2013) 41
(6):1195–210. doi: 10.1124/dmd.112.050310

34. Yu M, Gao Z, Dai X, Gong H, Zhang L, Chen X, et al. Population
Pharmacokinetic and Covariate Analysis of Apatinib, an Oral Tyrosine
Kinase Inhibitor, in Healthy Volunteers and Patients With Solid Tumors.
Clin Pharmacokinet (2017) 56(1):65–76. doi: 10.1007/s40262-016-0427-y

35. Liu H, Yu Y, Guo N, Wang X, Han B, Xiang X. Application of
Physiologically Based Pharmacokinetic Modeling to Evaluate the Drug-
Drug and Drug-Disease Interactions of Apatinib. Front Pharmacol (2021)
12:780937. doi: 10.3389/fphar.2021.780937

36. Li J, Zhao X, Chen L, Guo H, Lv F, Jia K, et al. Safety and Pharmacokinetics
of Novel Selective Vascular Endothelial Growth Factor Receptor-2 Inhibitor
YN968D1 in Patients With Advanced Malignancies. BMC Cancer. (2010)
10:529. doi: 10.1186/1471-2407-10-529

37. Wang X, Zhang R, Du N, Yang M, Zang A, Liu L, et al. An Open Label,
Multicenter, Noninterventional Study of Apatinib in Advanced Gastric
Cancer Patients (AHEAD-G202). Ther Adv Med Oncol (2020)
12:1758835920905424. doi: 10.1177/1758835920905424

38. Du Y, Cao Q, Jiang C, Liang H, Ning Z, Ji C, et al. Effectiveness and Safety of
Low-Dose Apatinib in Advanced Gastric Cancer: A Real-World Study.
Cancer Med (2020) 9(14):5008–14. doi: 10.1002/cam4.3105

39. Peng W, Zhang F, Wang Z, Li D, He Y, Ning Z, et al. Large Scale,
Multicenter, Prospective Study of Apatinib in Advanced Gastric Cancer: A
Real-World Study From China. Cancer Manag Res (2020) 12:6977–85. doi:
10.2147/CMAR.S249153
June 2022 | Volume 13 | Article 937307

https://doi.org/10.3322/caac.21654
https://doi.org/10.1016/j.cgh.2019.07.045
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21601
https://doi.org/10.3322/caac.21338
https://doi.org/10.1016/S0140-6736(19)32319-0
https://doi.org/10.1016/j.cell.2019.01.021
https://doi.org/10.1016/j.cell.2019.01.021
https://doi.org/10.1038/nm0603-669
https://doi.org/10.1200/JCO.2013.48.8585
https://doi.org/10.1200/JCO.2015.63.5995
https://doi.org/10.1002/ijc.28829
https://doi.org/10.1007/s10637-021-01205-3
https://doi.org/10.1158/0008-5472.CAN-10-0111
https://doi.org/10.3389/fimmu.2020.01956
https://doi.org/10.3389/fimmu.2020.01956
https://doi.org/10.3389/fonc.2021.719836
https://doi.org/10.1016/j.cell.2017.01.017
https://doi.org/10.1126/science.aar4060
https://doi.org/10.1158/2326-6066.CIR-20-0586
https://doi.org/10.1158/2326-6066.CIR-20-0586
https://doi.org/10.1038/s41422-022-00627-9
https://doi.org/10.1038/s41422-022-00627-9
https://doi.org/10.1186/s13045-022-01242-2
https://doi.org/10.1186/s13045-022-01242-2
https://doi.org/10.1038/onc.2016.225
https://doi.org/10.1038/nm1096-1096
https://doi.org/10.1038/nrclinonc.2018.29
https://doi.org/10.1038/nrclinonc.2018.9
https://doi.org/10.1038/nri3064
https://doi.org/10.1158/1078-0432.CCR-20-4069
https://doi.org/10.1016/j.jtho.2020.11.007
https://doi.org/10.1182/blood-2002-07-1956
https://doi.org/10.1182/blood-2002-07-1956
https://doi.org/10.1111/j.1349-7006.2011.01939.x
https://doi.org/10.2147/DDDT.S97235
https://doi.org/10.1038/s41419-018-1054-3
https://doi.org/10.1038/s41419-018-1054-3
https://doi.org/10.1186/s13578-021-00640-2
https://doi.org/10.1124/dmd.112.050310
https://doi.org/10.1007/s40262-016-0427-y
https://doi.org/10.3389/fphar.2021.780937
https://doi.org/10.1186/1471-2407-10-529
https://doi.org/10.1177/1758835920905424
https://doi.org/10.1002/cam4.3105
https://doi.org/10.2147/CMAR.S249153
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Li et al. Apatinib in Digestive System Malignancies
40. Lin H, Han D, Fu G, Liu C, Wang L, Han S, et al. Concurrent Apatinib and
Docetaxel vs Apatinib Monotherapy as Third- or Subsequent-Line Therapy
for Advanced Gastric Adenocarcinoma: A Retrospective Study. Onco Targets
Ther (2019) 12:1681–9. doi: 10.2147/OTT.S193801

41. Fukuchi M, Ishiguro T, Ogata K, Suzuki O, Kumagai Y, Ishibashi K, et al.
Prognostic Role of Conversion Surgery for Unresectable Gastric Cancer.
Ann Surg Oncol (2015) 22(11):3618–24. doi: 10.1245/s10434-015-4422-6

42. Zheng Y, Yang X, Yan C, Feng R, Sah BK, Yang Z, et al. Effect of Apatinib
Plus Neoadjuvant Chemotherapy Followed by Resection on Pathologic
Response in Patients With Locally Advanced Gastric Adenocarcinoma: A
Single-Arm, Open-Label, Phase II Trial. Eur J Cancer. (2020) 130:12–9. doi:
10.1016/j.ejca.2020.02.013

43. Lin JX, Xu YC, Lin W, Xue FQ, Ye JX, Zang WD, et al. Effectiveness and
Safety of Apatinib Plus Chemotherapy as Neoadjuvant Treatment for Locally
Advanced Gastric Cancer: A Nonrandomized Controlled Trial. JAMA Netw
Open (2021) 4(7):e2116240. doi: 10.1001/jamanetworkopen.2021.16240

44. Tartour E, Pere H, Maillere B, Terme M, Merillon N, Taieb J, et al.
Angiogenesis and Immunity: A Bidirectional Link Potentially Relevant for
the Monitoring of Antiangiogenic Therapy and the Development of Novel
Therapeutic Combination With Immunotherapy. Cancer Metastasis Rev
(2011) 30(1):83–95. doi: 10.1007/s10555-011-9281-4

45. Gotwals P, Cameron S, Cipolletta D, Cremasco V, Crystal A, Hewes B, et al.
Prospects for Combining Targeted and Conventional Cancer Therapy With
Immunotherapy. Nat Rev Cancer. (2017) 17(5):286–301. doi: 10.1038/
nrc.2017.17

46. Xu J, Zhang Y, Jia R, Yue C, Chang L, Liu R, et al. Anti-PD-1 Antibody SHR-
1210 Combined With Apatinib for Advanced Hepatocellular Carcinoma,
Gastric, or Esophagogastric Junction Cancer: An Open-Label, Dose
Escalation and Expansion Study. Clin Cancer Res (2019) 25(2):515–23.
doi: 10.1158/1078-0432.CCR-18-2484

47. Atkins MB, Plimack ER, Puzanov I, Fishman MN, McDermott DF, Cho DC,
et al. Axitinib in Combination With Pembrolizumab in Patients With
Advanced Renal Cell Cancer: A non-Randomised, Open-Label, Dose-
Finding, and Dose-Expansion Phase 1b Trial. Lancet Oncol (2018) 19
(3):405–15. doi: 10.1016/S1470-2045(18)30081-0

48. Peng Z, Wei J, Wang F, Ying J, Deng Y, Gu K, et al. Camrelizumab
Combined With Chemotherapy Followed by Camrelizumab Plus Apatinib
as First-Line Therapy for Advanced Gastric or Gastroesophageal Junction
Adenocarcinoma. Clin Cancer Res (2021) 27(11):3069–78. doi: 10.1158/
1078-0432.CCR-20-4691

49. Allen E, Jabouille A, Rivera LB, Lodewijckx I, Missiaen R, Steri V, et al.
Combined Antiangiogenic and Anti-PD-L1 Therapy Stimulates Tumor
Immunity Through HEV Formation. Sci Transl Med (2017) 9(385):
eaak9679. doi: 10.1126/scitranslmed.aak9679

50. Jing C, Wang J, Zhu M, Bai Z, Zhao B, Zhang J, et al. Camrelizumab
Combined With Apatinib and S-1 as Second-Line Treatment for Patients
With Advanced Gastric or Gastroesophageal Junction Adenocarcinoma: A
Phase 2, Single-Arm, Prospective Study. Cancer Immunol Immunother
(2022) 1–12. doi: 10.1007/s00262-022-03174-9

51. Qin S, Li Q, Gu S, Chen X, Lin L, Wang Z, et al. Apatinib as Second-Line or
Later Therapy in Patients With Advanced Hepatocellular Carcinoma
(AHELP): A Multicentre, Double-Blind, Randomised, Placebo-Controlled,
Phase 3 Trial. Lancet Gastroenterol Hepatol (2021) 6(7):559–68. doi:
10.1016/S2468-1253(21)00109-6

52. Hato T, Zhu AX, Duda DG. Rationally Combining Anti-VEGF Therapy
With Checkpoint Inhibitors in Hepatocellular Carcinoma. Immunother.
(2016) 8(3):299–313. doi: 10.2217/imt.15.126

53. Lu W, Jin XL, Yang C, Du P, Jiang FQ, Ma JP, et al. Comparison of Efficacy
Between TACE Combined With Apatinib and TACE Alone in the
Treatment of Intermediate and Advanced Hepatocellular Carcinoma: A
Single-Center Randomized Controlled Trial. Cancer Biol Ther (2017) 18
(6):433–8. doi: 10.1080/15384047.2017.1323589

54. Qiu Z, Shen L, Chen S, Qi H, Cao F, Xie L, et al. Efficacy Of Apatinib In
Transcatheter Arterial Chemoembolization (TACE) Refractory Intermediate
And Advanced-Stage Hepatocellular Carcinoma:A Propensity Score Matching
Analysis. Cancer Manag Res (2019) 11:9321–30. doi: 10.2147/CMAR.S223271

55. Kan X, Liang B, Zhou G, Xiong B, Pan F, Ren Y, et al. Transarterial
Chemoembolization Combined With Apatinib for Advanced Hepatocellular
Frontiers in Immunology | www.frontiersin.org 13
Carcinoma: A Propensity Score Matching Analysis. Front Oncol (2020)
10:970. doi: 10.3389/fonc.2020.00970

56. Tella SH, Kommalapati A, Borad MJ, Mahipal A. Second-Line Therapies in
Advanced Biliary Tract Cancers. Lancet Oncol (2020) 21(1):e29–41. doi:
10.1016/S1470-2045(19)30733-8

57. Zhang G, Gong S, Pang L, Hou L, He W. Efficacy and Safety of Apatinib
Treatment for Advanced Cholangiocarcinoma After Failed Gemcitabine-
Based Chemotherapy: An Open-Label Phase II Prospective Study. Front
Oncol (2021) 11:659217. doi: 10.3389/fonc.2021.659217

58. Xu J, Shen J, Gu S, Zhang Y, Wu L, Wu J, et al. Camrelizumab in
Combination With Apatinib in Patients With Advanced Hepatocellular
Carcinoma (RESCUE): A Nonrandomized, Open-Label, Phase II Trial. Clin
Cancer Res (2021) 27(4):1003–11. doi: 10.1158/1078-0432.CCR-20-2571

59. Mei K, Qin S, Chen Z, Liu Y, Wang L, Zou J. Camrelizumab in Combination
With Apatinib in Second-Line or Above Therapy for Advanced Primary
Liver Cancer: Cohort A Report in a Multicenter Phase Ib/II Trial.
J Immunother Cancer. (2021) 9(3):e002191. doi: 10.1136/jitc-2020-002191

60. Wang D, Yang X, Long J, Lin J, Mao J, Xie F, et al. The Efficacy and Safety of
Apatinib Plus Camrelizumab in Patients With Previously Treated Advanced
Biliary Tract Cancer: A Prospective Clinical Study. Front Oncol (2021)
11:646979. doi: 10.3389/fonc.2021.646979

61. Chen X, Wu X, Wu H, Gu Y, Shao Y, Shao Q, et al. Camrelizumab Plus
Gemcitabine and Oxaliplatin (GEMOX) in Patients With Advanced Biliary
Tract Cancer: A Single-Arm, Open-Label, Phase II Trial. J Immunother
Cancer (2020) 8(2):e001240. doi: 10.1136/jitc-2020-001240

62. Chen X, Qin S, Gu S, Ren Z, Chen Z, Xiong J, et al. Camrelizumab Plus
Oxaliplatin-Based Chemotherapy as First-Line Therapy for Advanced
Biliary Tract Cancer: A Multicenter, Phase 2 Trial. Int J Cancer. (2021)
149(11):1944–54. doi: 10.1002/ijc.33751

63. Li N, Deng W, Zhang G, Du Y, Guo Y, Ma Y, et al. Low-Dose Apatinib
Combined With S-1 in Refractory Metastatic Colorectal Cancer: A Phase 2,
Multicenter, Single-Arm, Prospective Study. Front Oncol (2021) 11:728854.
doi: 10.3389/fonc.2021.728854

64. Wang F, Yuan X, Jia J, Bi X, Zhou Z, Zhou Q, et al. Apatinib Monotherapy
for Chemotherapy-Refractory Metastatic Colorectal Cancer: A Multi-
Centre, Single-Arm, Prospective Study. Sci Rep (2020) 10(1):6058. doi:
10.1038/s41598-020-62961-5

65. Liang L, Wang L, Zhu P, Xia Y, Qiao Y, Wu J, et al. A Pilot Study of Apatinib
as Third-Line Treatment in Patients With Heavily Treated Metastatic
Colorectal Cancer. Clin Colorectal Cancer. (2018) 17(3):e443–e9. doi:
10.1016/j.clcc.2018.02.011

66. Gou M, Si H, Zhang Y, Qian N, Wang Z, Shi W, et al. Efficacy and Safety of
Apatinib in Patients With Previously Treated Metastatic Colorectal Cancer:
A Real-World Retrospective Study. Sci Rep (2018) 8(1):4602. doi: 10.1038/
s41598-018-22302-z

67. Li A, Wang K, Xu A, Wang G, Miao Y, Sun Z, et al. Apatinib as an Optional
Treatment in Metastatic Colorectal Cancer. Med (Baltimore). (2019) 98(35):
e16919. doi: 10.1097/MD.0000000000016919

68. Chen R, Yang L, Hu S, Yin Z, Nie Y, Xu H, et al. Apatinib Plus 5-Fluorouracil
as a Third or Subsequent-Line Treatment Option for Metastatic Colorectal
Cancer: A Phase-II, Single-Arm, Prospective Study. Ann Transl Med (2022)
10(2):100. doi: 10.21037/atm-22-77

69. Wei B, Wang Y, Wang J, Cai X, Xu L, Wu J, et al. Apatinib Suppresses
Tumor Progression and Enhances Cisplatin Sensitivity in Esophageal Cancer
via the Akt/beta-Catenin Pathway. Cancer Cell Int (2020) 20:198. doi:
10.1186/s12935-020-01290-z

70. Ren C, Mai ZJ, Jin Y, He MM, Wang ZQ, Luo HY, et al. Anti-PD-1
Antibody SHR-1210 Plus Apatinib for Metastatic Colorectal Cancer: A
Prospective, Single-Arm, Open-Label, Phase II Trial. Am J Cancer Res (2020)
10(9):2946–54.

71. Zhao J, He M, Li J, Li D, Zhao Y, Li X, et al. Apatinib Combined With
Paclitaxel and Cisplatin Neoadjuvant Chemotherapy for Locally Advanced
Esophageal Squamous Cell Carcinoma. Cancer Biother Radiopharm (2022)
37(4):324–31. doi: 10.1089/cbr.2021.0086

72. Chi D, Chen B, Guo S, Bai K, Ma H, Hu Y, et al. Oral Maintenance Therapy
Using Apatinib CombinedWith S-1/Capecitabine for Esophageal Squamous
Cell CarcinomaWith Residual Disease After Definitive Chemoradiotherapy.
Aging (Albany NY). (2021) 13(6):8408–20. doi: 10.18632/aging.202652
June 2022 | Volume 13 | Article 937307

https://doi.org/10.2147/OTT.S193801
https://doi.org/10.1245/s10434-015-4422-6
https://doi.org/10.1016/j.ejca.2020.02.013
https://doi.org/10.1001/jamanetworkopen.2021.16240
https://doi.org/10.1007/s10555-011-9281-4
https://doi.org/10.1038/nrc.2017.17
https://doi.org/10.1038/nrc.2017.17
https://doi.org/10.1158/1078-0432.CCR-18-2484
https://doi.org/10.1016/S1470-2045(18)30081-0
https://doi.org/10.1158/1078-0432.CCR-20-4691
https://doi.org/10.1158/1078-0432.CCR-20-4691
https://doi.org/10.1126/scitranslmed.aak9679
https://doi.org/10.1007/s00262-022-03174-9
https://doi.org/10.1016/S2468-1253(21)00109-6
https://doi.org/10.2217/imt.15.126
https://doi.org/10.1080/15384047.2017.1323589
https://doi.org/10.2147/CMAR.S223271
https://doi.org/10.3389/fonc.2020.00970
https://doi.org/10.1016/S1470-2045(19)30733-8
https://doi.org/10.3389/fonc.2021.659217
https://doi.org/10.1158/1078-0432.CCR-20-2571
https://doi.org/10.1136/jitc-2020-002191
https://doi.org/10.3389/fonc.2021.646979
https://doi.org/10.1136/jitc-2020-001240
https://doi.org/10.1002/ijc.33751
https://doi.org/10.3389/fonc.2021.728854
https://doi.org/10.1038/s41598-020-62961-5
https://doi.org/10.1016/j.clcc.2018.02.011
https://doi.org/10.1038/s41598-018-22302-z
https://doi.org/10.1038/s41598-018-22302-z
https://doi.org/10.1097/MD.0000000000016919
https://doi.org/10.21037/atm-22-77
https://doi.org/10.1186/s12935-020-01290-z
https://doi.org/10.1089/cbr.2021.0086
https://doi.org/10.18632/aging.202652
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Li et al. Apatinib in Digestive System Malignancies
73. Zhao J, Lei J, Yu J, Zhang C, Song X, Zhang N, et al. Clinical Efficacy and
Safety of Apatinib Combined With S-1 in Advanced Esophageal Squamous
Cell Carcinoma. Invest New Drugs (2020) 38(2):500–6. doi: 10.1007/s10637-
019-00866-5

74. Meng X, Wu T, Hong Y, Fan Q, Ren Z, Guo Y, et al. Camrelizumab Plus
Apatinib as Second-Line Treatment for Advanced Oesophageal Squamous Cell
Carcinoma (CAP 02): A Single-Arm, Open-Label, Phase 2 Trial. Lancet
Gastroenterol Hepatol (2022) 7(3):245–53. doi: 10.1016/S2468-1253(21)00378-2

75. Zhang B, Qi L, Wang X, Xu J, Liu Y, Mu L, et al. Phase II Clinical Trial Using
Camrelizumab Combined With Apatinib and Chemotherapy as the First-
Line Treatment of Advanced Esophageal Squamous Cell Carcinoma. Cancer
Commun (Lond). (2020) 40(12):711–20. doi: 10.1002/cac2.12119

76. Fathi Maroufi N, Rashidi MR, Vahedian V, Akbarzadeh M, Fattahi A, Nouri
M. Therapeutic Potentials of Apatinib in Cancer Treatment: Possible
Mechanisms and Clinical Relevance. Life Sci (2020) 241:117106. doi:
10.1016/j.lfs.2019.117106

77. Jin Z, Cheng X, Feng H, Kuang J, Yang W, Peng C, et al. Apatinib Inhibits
Angiogenesis Via Suppressing Akt/Gsk3b/ANG Signaling Pathway in
Anaplastic Thyroid Cancer. Cell Physiol Biochem (2017) 44(4):1471–84.
doi: 10.1159/000485583

78. He K, Wu L, Ding Q, Haider F, Yu H, Wang H, et al. Apatinib Promotes
Apoptosis of Pancreatic Cancer Cells Through Downregulation of Hypoxia-
Inducible Factor-1a and Increased Levels of Reactive Oxygen Species. Oxid
Med Cell Longev (2019) 2019:5152072. doi: 10.1155/2019/5152072

79. Lu W, Ke H, Qianshan D, Zhen W, Guoan X, Honggang Y. Apatinib has
Anti-Tumor Effects and Induces Autophagy in Colon Cancer Cells. Iran J
Basic Med Sci (2017) 20(9):990–5. doi: 10.22038/IJBMS.2017.9263

80. Zhao Q, Feng H, Yang Z, Liang J, Jin Z, Chen L, et al. The Central Role of a
Two-Way Positive Feedback Pathway in Molecular Targeted Therapies-
Mediated Pyroptosis in Anaplastic Thyroid Cancer. Clin Transl Med (2022)
12(2):e727. doi: 10.1002/ctm2.727

81. Cheng X, Feng H, Wu H, Jin Z, Shen X, Kuang J, et al. Targeting Autophagy
Enhances Apatinib-Induced Apoptosis via Endoplasmic Reticulum Stress
for Human Colorectal Cancer. Cancer Lett (2018) 431:105–14. doi: 10.1016/
j.canlet.2018.05.046

82. Ma L, Wang Z, Xie M, Quan Y, Zhu W, Yang F, et al. Silencing of
Circracgap1 Sensitizes Gastric Cancer Cells to Apatinib via Modulating
Autophagy by Targeting miR-3657 and ATG7. Cell Death Dis (2020) 11
(3):169. doi: 10.1038/s41419-020-2352-0

83. Rahma OE, Hodi FS. The Intersection Between Tumor Angiogenesis and
Immune Suppression. Clin Cancer Res (2019) 25(18):5449–57. doi: 10.1158/
1078-0432.CCR-18-1543

84. Viallard C, Larrivee B. Tumor Angiogenesis and Vascular Normalization:
Alternative Therapeutic Targets. Angiogenesis. (2017) 20(4):409–26. doi:
10.1007/s10456-017-9562-9

85. Samstein RM, Lee CH, Shoushtari AN, Hellmann MD, Shen R, Janjigian YY,
et al. Tumor Mutational Load Predicts Survival After Immunotherapy
Across Multiple Cancer Types. Nat Genet (2019) 51(2):202–6. doi:
10.1038/s41588-018-0312-8

86. Terme M, Pernot S, Marcheteau E, Sandoval F, Benhamouda N, Colussi O,
et al. VEGFA-VEGFR Pathway Blockade Inhibits Tumor-Induced
Regulatory T-Cell Proliferation in Colorectal Cancer. Cancer Res (2013)
73(2):539–49. doi: 10.1158/0008-5472.CAN-12-2325

87. Colegio OR, Chu NQ, Szabo AL, Chu T, Rhebergen AM, Jairam V, et al.
Functional Polarization of Tumour-Associated Macrophages by Tumour-
Derived Lactic Acid.Nature. (2014) 513(7519):559–63. doi: 10.1038/nature13490

88. Wallin JJ, Bendell JC, Funke R, Sznol M, Korski K, Jones S, et al.
Atezolizumab in Combination With Bevacizumab Enhances Antigen-
Specific T-Cell Migration in Metastatic Renal Cell Carcinoma. Nat
Commun (2016) 7:12624. doi: 10.1038/ncomms12624

89. Hodi FS, Lawrence D, Lezcano C, Wu X, Zhou J, Sasada T, et al. Bevacizumab
Plus Ipilimumab in Patients With Metastatic Melanoma. Cancer Immunol Res
(2014) 2(7):632–42. doi: 10.1158/2326-6066.CIR-14-0053

90. Yang Y, Wang C, Sun H, Jiang Z, Zhang Y, Pan Z. Apatinib Prevents Natural
Killer Cell Dysfunction to Enhance the Efficacy of Anti-PD-1
Frontiers in Immunology | www.frontiersin.org 14
Immunotherapy in Hepatocellular Carcinoma. Cancer Gene Ther (2021)
28(1-2):89–97. doi: 10.1038/s41417-020-0186-7

91. Girard JP, Moussion C, Forster R. HEVs, Lymphatics and Homeostatic
Immune Cell Trafficking in Lymph Nodes. Nat Rev Immunol (2012) 12
(11):762–73. doi: 10.1038/nri3298

92. Petitprez F, de Reynies A, Keung EZ, Chen TW, Sun CM, Calderaro J, et al. B
Cells are Associated With Survival and Immunotherapy Response in
Sarcoma. Nature. (2020) 577(7791):556–60. doi: 10.1038/s41586-019-
1906-8

93. Martinet L, Garrido I, Filleron T, Le Guellec S, Bellard E, Fournie JJ,
et al. Human Solid Tumors Contain High Endothelial Venules:
Association With T- and B-Lymphocyte Infiltration and Favorable
Prognosis in Breast Cancer. Cancer Res (2011) 71(17):5678–87. doi:
10.1158/0008-5472.CAN-11-0431

94. Wirsing AM, Ervik IK, Seppola M, Uhlin-Hansen L, Steigen SE,
Hadler-Olsen E. Presence of High-Endothelial Venules Correlates With
a Favorable Immune Microenvironment in Oral Squamous Cell
Carcinoma. Mod Pathol (2018) 31(6):910–22. doi: 10.1038/s41379-018-
0019-5

95. Avram G, Sanchez-Sendra B, Martin JM, Terradez L, Ramos D, Monteagudo
C. The Density and Type of MECA-79-Positive High Endothelial Venules
Correlate With Lymphocytic Infiltration and Tumour Regression in Primary
Cutaneous Melanoma. Histopathol. (2013) 63(6):852–61. doi: 10.1111/
his.12235

96. Hill DG, Yu L, Gao H, Balic JJ, West A, Oshima H, et al. Hyperactive Gp130/
STAT3-Driven Gastric Tumourigenesis Promotes Submucosal Tertiary
Lymphoid Structure Development. Int J Cancer. (2018) 143(1):167–78.
doi: 10.1002/ijc.31298

97. Zhang Y, Wang F, Sun HR, Huang YK, Gao JP, Huang H. Apatinib
Combined With PD-L1 Blockade Synergistically Enhances Antitumor
Immune Responses and Promotes HEV Formation in Gastric Cancer.
J Cancer Res Clin Oncol (2021) 147(8):2209–22. doi: 10.1007/s00432-021-
03633-3

98. Martin JD, Seano G, Jain RK. Normalizing Function of Tumor Vessels:
Progress, Opportunities, and Challenges. Annu Rev Physiol (2019) 81:505–
34. doi: 10.1146/annurev-physiol-020518-114700

99. Chen B, Gao A, Tu B, Wang Y, Yu X, Wang Y, et al. Metabolic Modulation
via mTOR Pathway and Anti-Angiogenesis Remodels Tumor
Microenvironment Using PD-L1-Targeting Codelivery. Biomaterials.
(2020) 255:120187. doi: 10.1016/j.biomaterials.2020.120187

100. Wang Q, Gao J, Di W, Wu X. Anti-Angiogenesis Therapy Overcomes the
Innate Resistance to PD-1/PD-L1 Blockade in VEGFA-Overexpressed
Mouse Tumor Models. Cancer Immunol Immunother. (2020) 69(9):1781–
99. doi: 10.1007/s00262-020-02576-x

101. Cai X, Wei B, Li L, Chen X, LiuW, Cui J, et al. Apatinib Enhanced Anti-PD-1
Therapy for Colon Cancer in Mice via Promoting PD-L1 Expression. Int
Immunopharmacol. (2020) 88:106858. doi: 10.1016/j.intimp.2020.106858

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Li, Huang, Zhang, Feng, Wang, Zhang, Ji, Cheng and Zhao. This is
an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
June 2022 | Volume 13 | Article 937307

https://doi.org/10.1007/s10637-019-00866-5
https://doi.org/10.1007/s10637-019-00866-5
https://doi.org/10.1016/S2468-1253(21)00378-2
https://doi.org/10.1002/cac2.12119
https://doi.org/10.1016/j.lfs.2019.117106
https://doi.org/10.1159/000485583
https://doi.org/10.1155/2019/5152072
https://doi.org/10.22038/IJBMS.2017.9263
https://doi.org/10.1002/ctm2.727
https://doi.org/10.1016/j.canlet.2018.05.046
https://doi.org/10.1016/j.canlet.2018.05.046
https://doi.org/10.1038/s41419-020-2352-0
https://doi.org/10.1158/1078-0432.CCR-18-1543
https://doi.org/10.1158/1078-0432.CCR-18-1543
https://doi.org/10.1007/s10456-017-9562-9
https://doi.org/10.1038/s41588-018-0312-8
https://doi.org/10.1158/0008-5472.CAN-12-2325
https://doi.org/10.1038/nature13490
https://doi.org/10.1038/ncomms12624
https://doi.org/10.1158/2326-6066.CIR-14-0053
https://doi.org/10.1038/s41417-020-0186-7
https://doi.org/10.1038/nri3298
https://doi.org/10.1038/s41586-019-1906-8
https://doi.org/10.1038/s41586-019-1906-8
https://doi.org/10.1158/0008-5472.CAN-11-0431
https://doi.org/10.1038/s41379-018-0019-5
https://doi.org/10.1038/s41379-018-0019-5
https://doi.org/10.1111/his.12235
https://doi.org/10.1111/his.12235
https://doi.org/10.1002/ijc.31298
https://doi.org/10.1007/s00432-021-03633-3
https://doi.org/10.1007/s00432-021-03633-3
https://doi.org/10.1146/annurev-physiol-020518-114700
https://doi.org/10.1016/j.biomaterials.2020.120187
https://doi.org/10.1007/s00262-020-02576-x
https://doi.org/10.1016/j.intimp.2020.106858
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Apatinib: A Novel Antiangiogenic Drug in Monotherapy or Combination Immunotherapy for Digestive System Malignancies
	Introduction
	Structure, Pharmacodynamic, and Pharmacokinetics
	Clinical Efficacy in Advanced Gastric Cancer
	Monotherapy or Combination Chemotherapy of Apatinib
	Combination Immunotherapy of Apatinib

	Clinical Efficacy in Liver Cancer and Cholangiocarcinoma
	Monotherapy or Combination Transarterial Therapy of Apatinib
	Combination Immunotherapy of Apatinib

	Clinical Efficacy in Colorectal Cancer
	Monotherapy or Combination Therapy of Apatinib
	Combination Immunotherapy of Apatinib

	Clinical Efficacy in Esophageal Squamous Cell Carcinoma
	Combination Immunotherapy of Apatinib

	Molecular Mechanisms
	Conclusion and Future Perspective
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


