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Apatinib (YN968D1) is a novel and highly selective tyrosine kinase inhibitor that inhibits vascular endothelial growth
factor receptor-2 (VEGFR-2) and is approved as a third-line and subsequent-line treatment for advanced gastric adenocar-
cinoma or gastroesophageal junction adenocarcinoma in China. Apatinib is also widely studied in other solid tumors. With
the increase in clinical research of apatinib, its adverse effects have also received widespread attention. Hence, this article
summarizes the pharmacological properties of apatinib and reviews its clinical use in advanced or metastatic cancers. We
highlight the common adverse reactions of apatinib in clinical applications and we also clarify the corresponding prevention
and intervention measures. Overall, this review will help us better understand the safety and efficacy of apatinib treatment.
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Angiogenesis is a critical process for tumor growth and
metastasis [1, 2]. Vascular endothelial growth factor (VEGF)
is one of the most potent angiogenic factors and plays an
important oncogenic role in a variety of solid tumors by
binding to three vascular endothelial growth factor recep-
tors (VEGFRs): VEGFR-1, VEGFR-2, and VEGFR-3 [3, 4].
Among these receptors, VEGFR-2, which is mainly expressed
on endothelial cells, is the principal mediator of VEGEF-
induced angiogenic effects [5, 6]. Therefore, the inhibi-
tion of the VEGF signaling pathway by blocking VEGFR-2
has emerged as a promising therapeutic strategy to inhibit
tumor-induced angiogenesis.

Apatinib (N-[4-(1-cyano-cyclopentyl) phenyl]-2-(4-pyri-
dylmethyl) amino-3-pyridine carboxamide), also known as
YN968D1, is one of the newest oral antiangiogenic agents
that selectively targets VEGFR-2 and mildly inhibits c-Kit
and c-Src tyrosine kinases [7]. Apatinib was first synthe-
sized by Advenchen Laboratories in California, USA and
was developed by Jiangsu Hengrui Medicine, China [8].
Subsequently, apatinib was approved as a subsequent line

treatment for patients with advanced gastric cancer in 2014
in China [9]. The use of apatinib for many cancer types,
such as breast cancer, non-small cell lung cancer (NSCLC),
and hepatocellular carcinoma, has also been investigated.
Although apatinib has shown promising antitumor effects
against diverse tumor types in several phase II/III clinical
trials [10, 11], concerns about its safety have also been raised.
Hence, in this review we highlight the common adverse
events of apatinib in different tumor treatments and we also
discuss the corresponding prevention measures.

Molecular basis of tumor angiogenesis

VEGFs and their receptors are critical signaling proteins
produced by cells that stimulate angiogenesis. Under physi-
ological conditions, VEGFs and VEGFRs are important to
the organism because they are responsible for the generation
of new blood vessels in order to provide oxygen and nutrients
to peripheral tissues and to maintain normal blood perfu-
sion [12]. However, too high concentrations of VEGFs and
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VEGFRSs lead to aberrant angiogenesis and other patholog-
ical findings in the case of cancers, and the generation of new
blood vessels becomes a pathological factor that dramatically
worsens the patient’s clinical outcomes [13, 14]. Overexpres-
sion of VEGFs and their receptors are present in the majority
of solid cancers, consequently favoring tumor growth by
changing the density of microvessels in the vicinity of cells,
the migration of cells and the formation of distant metastases
[15-19].

VEGEF is a highly conserved homodimeric glycoprotein
with a molecular weight ranging between 35 and 44 kDa.
VEGF has numerous isoforms, including VEGF-A, -B, -C,
-D, -E, and placental growth factor (PIGF) in humans [20,
21]. Of these isoforms, VEGF-A plays a central role in
tumorigenesis. Various dynamics in the cellular environment
such as hypoxia, growth factors, and cytokines, can upregu-
late the expression of VEGF-A, thereby promoting VEGEF-
A-mediated effects [22]. Similarly, several receptor tyrosine
kinases, involving three subvariants, VEGFR-1, -2, and -3
(also known as Flt-1, KDR/FIk-1, and Flt-4 respectively),
mediate the biological response to VEGF [23]. Addition-
ally, a number of other factors, such as heparin and heparan
sulfate proteoglycans, have also been reported to play a role
in the cellular response to VEGF [24]. Upon activation,
VEGEFR undergoes autophosphorylation and subsequently
activates cell type-dependent signaling cascades, such as the
nitric oxide synthase (NOS) pathway, which is associated
with increased endothelial cell proliferation and vascular
permeability [25, 26], the Raf/MEK/Erk pathway, which is
responsible for endothelial cell proliferation, the p38-MAPK
pathway, which is linked to endothelial cell migration,
and the PI3K/AKT/mTOR pathway, which gives rise to
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Figure 1. VEGFR and VEGF molecular pathways. Signal transduction
resulting from binding between VEGFR and VEGF molecules. Upon ac-
tivation, the VEGFR undergoes phosphorylation and subsequently acti-
vates cell type-dependent signaling cascades, including Raf, PI3K, NOS,
and P38, which give rise to an increase of proliferation, migration, and
survival of the vascular endothelial cell, and enhance vascular permeabil-
ity. Apatinib can block VEGFR phosphorylation and subsequent down-
stream signaling, thus inhibiting angiogenesis in many tumors.

increased vascular permeability (Figure 1) [23, 27]. Among
these receptors, VEGFR-2 has been found to mediate the
majority of the angiogenic response to VEGF in the context
of several solid tumors [13, 28]. Although the binding
capacity between VEGF and VEGFR-2 is lower than that
between VEGF and VEGFR-1, it results in a more significant
biological activity [29], leading to the increased generation
of new blood vessels, which give rise to a higher proliferation
rate of vascular endothelial cells and an increased density of
microvessels [30].

Given the critical roles of VEGFs and their receptors in
cancer and numerous other conditions, multiple compounds
capable of antagonizing the effects of VEGF or VEGFR have
been developed with regard to several solid cancers [31, 32].
Antiangiogenic agents in clinical use can be divided into two
categories as follows: a) tyrosine kinase inhibitors (TKIs),
which are chemical agents that inhibit the kinase activity of
receptor tyrosine kinases (RTKs) [33] and b) protein biolog-
ical agents that inhibit the VEGF/VEGER signaling pathway,
such as recombinant monoclonal antibody (mAb) bevaci-
zumab [34], and recombinant fusion protein ziv-aflibercept
[35]. Inhibition of angiogenesis is considered a promising
strategy for the treatment of cancer, and therapeutic inter-
vention aimed at inhibiting the most critical tumor angio-
genesis driver, the VEGFR-2 signaling pathway, has become
a mainstay of treatment in cancer [31]. However, only a small
percentage of patients using these traditional antiangiogenic
agents demonstrate a survival advantage [36]. In this context,
apatinib, a novel receptor tyrosine kinase inhibitor selec-
tively targeting VEGFR-2, was developed for preclinical and
clinical studies involving cancers.

Preclinical and clinical data of apatinib

Apatinib mesylate, a compound derived from valatinib,
is a new inhibitor of VEGFR-2 tyrosine kinase that targets
the intracellular ATP-binding site of the receptor [37] and
blocks the phosphorylation and subsequent downstream
signaling to interrupt angiogenesis in many tumors [38, 39].
In addition, apatinib can also exert antitumor effects via the
suppression of the RET/Src pathway leading to inhibition of
cell migration and invasion in NSCLC [40]. Additionally, by
promoting apoptosis and inhibiting VEGF signaling, apatinib
can promote cell death in human intrahepatic cholangio-
carcinoma (ICC) [41]. In addition, inhibition of autophagy
increased apatinib-induced apoptosis in osteosarcoma [42],
anaplastic thyroid cancer [43], and colorectal cancer [44].
Moreover, the combination of apatinib with checkpoint
inhibitor immunotherapies may have synergistic effects and
enhance the efficacy of both treatments in various tumors
by not only antiangiogenic effects but also suppressing
immune escape [45, 46]. Similarly, apatinib has also been
shown to have synergistic antitumor effects in combination
with endothelial growth factor receptor (EGFR) inhibitor
treatment via inhibiting downstream signal conduction.
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Co-injection of apatinib and gefitinib delayed tumor growth
compared with monotherapy in the NSCLC model and had
a better effect on inhibiting the activation of VEGFR-2 [47].

A recent retrospective analysis revealed that the combi-
nation of an EGFR-TKI challenged with apatinib achieved
an objective response rate (ORR) of 25%, a disease control
rate (DCR) of 100%, respectively, and a median progression-
free survival (PFS) of 4.60 months (95% confidence interval,
2.23-12.52 months) in patients, suggesting that the combina-
tion an EGFR-TKI with apatinib might be another treatment
option for patients with acquired resistance to EGFR-TKIs
[47]. Since apatinib combined with chemotherapy has been
proven to have a strong scientific basis for additive or syner-
gistic effects in cancer treatment, clinical trials were carried
out to assess whether apatinib treatment shows survival
benefit for cancer patients or whether combination therapy is
more effective for cancer treatment than chemotherapy alone.
A multicenter study enrolled 144 patients with metastatic
gastric cancer who failed treatment with at least two chemo-
therapeutic regimens and were randomized to receive either
a placebo or apatinib (850 mg once daily or 425 mg twice
daily). The median overall survival (OS) was significantly
longer in patients given apatinib than in those given a placebo
(4.5 vs. 2.5 months, respectively). The median PFES in patients
treated with apatinib was almost twice that in those treated
with a placebo (3.4 vs. 1.4 months). On average, the rate of
patients receiving apatinib to achieve disease control was
higher than in placebo groups (43% vs. 11%) [48]. Intrigu-
ingly, similar results were supported by a phase III trial of
apatinib in patients with chemotherapy-refractory advanced
or metastatic adenocarcinoma of the stomach or gastro-
esophageal junction [49]. Additionally, another study showed
that the combination of apatinib-targeted therapy with
chemotherapy significantly improved the patient’s complete
response rate (CRR), partial response rate (PRR), overall
response (OR), and DCR compared with chemotherapy
alone in gastric cancer therapy [50]. Similar results were also
obtained in combination with apatinib and the anti-PD-1
antibody SHR-1210 in advanced gastric or gastroesophageal
junction cancer and hepatocellular carcinoma [51]. Overall,
these results demonstrated that apatinib showed a survival
benefit for patients with advanced or metastatic stomach or
gastroesophageal junction cancers who do not respond to
second-line chemotherapy. Thus, apatinib was approved for
advanced or metastatic adenocarcinoma of the stomach or
gastroesophageal junction cancer patients without further
chemotherapy options in 2014. Beyond that, an increasing
number of clinical trials have been conducted in other solid
tumors. The drug has also shown promising therapeutic
effects against advanced NSCLC [11], breast cancer [10],
colorectal cancer [52], ovarian cancer [53], hepatocellular
carcinoma [17], and thyroid cancer [54]. In summary, these
results indicate that apatinib has shown an objective efficacy
in multiple solid cancer patients who have experienced failure
in two or more second-line chemotherapy treatments.

Adverse effects and management

Although apatinib has shown efficacy in the treatment
of a wide range of cancers, its safety is also an important
factor in assessing its use for clinical treatments. The most
common grade III/IV adverse effects (AEs) reported in
clinical trials of antiangiogenic agents were hypertension,
hand-foot syndrome, and proteinuria [55, 56]. A phase II
trial of apatinib in advanced gastric cancer indicated that
grade III/IV AEs were hand-foot syndrome and hyperten-
sion in more than 10% of patients, and grade III/TV AEs were
thrombocytopenia, anemia, and liver toxicities in more than
5% of patients, while grade III/TV hematologic toxicities and
fatigue were rarely noted [48]. The results of another phase
III trial of apatinib on chemotherapy-refractory advanced
cancer of the stomach or gastroesophageal junction reported
grade III/IV AEs including hand-foot syndrome (8.5% vs.
0%, respectively), hypertension (4.5% vs. 0%, respectively),
and proteinuria (2.3% vs. 0%, respectively). Moreover,
common hematologic toxicities related to apatinib vs.
placebo included anemia (6.3% vs. 4.4%, respectively) and
neutropenia (5.7% vs. 1.1%, respectively). A low incidence of
grade III/IV gastrointestinal symptoms including decreased
appetite and diarrhea occurred in 3.9% of patients with
apatinib treatment. Additionally, fatigue was a common
AE among patients enrolled in this study. In total, 20.5%
and 14.3% of patients receiving apatinib or placebo, respec-
tively, experienced fatigue. However, only approximately 2%
of patients experienced grade III/IV fatigue [49]. Further-
more, the emerging toxicity profile was further supported
by the results obtained in many other solid cancers, such
as non-triple-negative metastatic breast cancer [10], and
thyroid cancer [54]. Previous studies have identified several
major toxicities associated with the use of apatinib, so how
can clinicians prevent or treat these complications (Table 1)?

Hypertension. Although there are no published prospec-
tively collected data on the time course of BP alterations in
patients receiving apatinib who experience hypertension,
various strategies for disrupting the VEGF signaling pathway
(VSP) demonstrate similar effects on the normal vasculature
over the same time course in animal models [57, 58]. There-
fore, despite differences in the pharmacokinetics of apatinib
and other antiangiogenic agents, in the absence of data,
similar surveillance methods are appropriate and suggested.

According to the guidelines that have been published by
the Cardiovascular Toxicities Panel and Angiogenesis Task
Force of the National Cancer Institute Investigational Drug
Steering Committee for clinicians to monitor and treat
antiangiogenic-associated hypertension [59], once treat-
ment is initiated, active monitoring of blood pressure (BP)
should be performed regularly and continued after treatment
discontinuation. Patients with non-high risk factors treated
with a VSP inhibitor have a target BP of no more than 140/90
mmHg, which is consistent with the JNC guidelines [60].
For some patients in the higher added risk cohort, the goal
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Table 1. Adverse events and management approaches of apatinib.

Event Management
Hypertension Dynamic monitoring of blood pressure regularly

Standard antihypertensive agents

Other parameters such as medical comorbidities, cardiovascular risk factors, and drug interactions should be considered
Proteinuria Routine urinalysis for screening proteinuria

Proteinuria of grade > II, suspend the medication until proteinuria falls below the threshold; the proteinuria of grade > II occurs
again after apatinib recovery, the dose can be lowered and continue to be used

Hand-foot syndrome ~ Routine assessments

Education on self-care (e.g., strengthen skin care, keep skin clean, avoid secondary infections; avoid stress or frictions; use mois-
turizers or lubricants containing urea and corticosteroids), Topical antifungal or antibiotic treatment if necessary

3 consecutive > II grades of hand-foot syndrome, and there is a tendency to aggravate, suspend the medication; > II grades of
hand-foot syndrome reappears after apatinib is resumed, reduced dose; the adverse reactions continue, stop the drug

Patients with anticoagulant therapy combined with warfarin should be routinely monitored for prothrombin time (APTT) and
internationalized normalized ratio (INR), and pay attention to clinical signs of bleeding

For patients with severe (ITI/IV grade) bleeding, stop the drug temporarily; the severe hemorrhage occurs again after apatinib is
recovery, the drug can be continued after the dose is reduced; the adverse reaction persists, stop the drug

A grade III/IV adverse reaction occurs, suspend the drug; the grade ITI/IV adverse reaction occurs again after apatinib is re-
sumed, the drug can be continued after one dose is lowered; the adverse reaction continues, stop the drug

Patients with III/IV grade cardiac insufficiency or echocardiography showed a left ventricular ejection fraction < 50%: discon-

Bleeding Monitor bleeding closely

Cardiotoxicity Monitor ECG and cardiac function closely
tinue the medication

Hepatotoxicity

Check liver function regularly every 2 weeks during the first two months of taking apatinib

Patients with elevated serum transaminase and total bilirubin should use this agent with caution

Patients with previous liver dysfunction should be cautious and closely monitored liver function when taking apatinib

Patients with severe hepatic insufficiency: prohibit the use of apatinib

Nausea and vomiting

Non-pharmacological interventions (e.g., ginger, acupuncture, acupressure, music therapy)

Dietary interventions (small, multiple meals, avoiding food aromas and other odors, avoiding spicy, fatty, or salty food, and

taking antiemetics before meal)
Psychological support

Breakthrough vomiting: combined medication to stop vomiting

Diarrhea

The III/IV grade diarrhea occurs, suspend the medication; the grade III/IV diarrhea occurs again after the medication is re-

sumed, the dose is lowered; the adverse effect continues, stop the drug

Fatigue Education for the patients and their families

Non-pharmacologic interventions (e.g., exercise and psychosocial counseling)

Medications for the treatment of pain, emotional distress, sleep disturbance, and anemia

BP should be adjusted to a lower value. For younger patients
who are normotensive and at a low baseline risk, antihyper-
tensive treatment should be initiated in any patient having
an increase in diastolic BP of 20 mmHg or greater even if
the absolute measurement is not above 140/90 mmHg. No
consensus or specific guidelines exist for choosing antihy-
pertensive agents for patients experiencing antiangiogenic-
associated hypertension. Meanwhile, a variety of conven-
tional drugs, including thiazide diuretics, beta-blockers,
dihydropyridines and non-dihydropyridine calcium channel
antagonists, angiotensin-converting enzymes inhibitors, and
angiotensin receptor antagonists, have been used to treat VSP
inhibitor-induced hypertension. Each type of these antihy-
pertensive drugs works well on an individual patient basis.
However, other parameters, such as medical comorbidities,
cardiovascular risk factors, and drug interactions should

be considered to determine whether to start using specific
antihypertensive drugs [59].

Proteinuria. Patients receiving antiangiogenic drugs
should be monitored by routine urinalysis to screen for
proteinuria [61, 62]. During the first two months of taking
the medication, routine urinalysis should be checked every
2 weeks and then every 4 weeks. If proteinuria occurs, the
patient should seek medical attention immediately. If protein-
uria of grade >II occurs, it is recommended to suspend the
medication; if the proteinuria of grade >II occurs again after
recovery, the dose can be lowered and continue to be used.

Hand-foot syndrome. Hand-foot syndrome occurs more
than 3 weeks after taking the drug, and current guidelines for
the treatment of hand-foot syndrome include routine assess-
ments and patient education on self-care, including strength-
ening skin care, keeping the skin clean, avoiding secondary
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infections, avoiding stress or friction, using moisturizers or
lubricants containing urea and corticosteroids, and if neces-
sary, using topical antifungal or antibiotic treatment [62, 63].
If there are 3 consecutive occurrences of hand-foot syndrome
at a grade 2II, and there is a tendency of aggravation, it is
recommended to suspend the medication; if hand-foot
syndrome at a grade 2II reappears after the medication is
resumed, the dose can be lowered. If the adverse reactions
continue, it is recommended to stop the drug.

Bleeding. VEGFR inhibitor antitumor drugs have
the potential to increase the risk of bleeding. In phase IIT
clinical studies, the observed bleeding symptoms included
gastrointestinal bleeding, hematemesis, hemoptysis, fecal
occult blood, urinary occult blood, skin bleeding, and
hemorrhagic rupture of liver metastases and a common
serious adverse reaction was upper gastrointestinal
bleeding [64, 65]. The bleeding should be closely monitored
when using the drug. Patients with anticoagulant therapy
combined with warfarin should be routinely monitored for
prothrombin time (APTT) and internationalized normal-
ized ratio (INR), and attention should be paid to clinical
signs of bleeding. Additionally, for patients with severe (I1I/
IV grade) bleeding, it is recommended to temporarily stop
the drug; if the severe hemorrhage occurs again after the
medication is resumed, the drug can be continued after the
dose is lowered. If the adverse reaction persists, it is recom-
mended to stop the drug.

Cardiotoxicity. It has been observed in clinical studies
that taking apatinib may cause an abnormal electrocar-
diogram (ECG), including prolonged QT interval or sinus
bradycardia [66]. Apatinib should be used with caution in
patients with a known history of a prolonged QT interval,
in patients taking antiarrhythmic drugs, or in patients with
potential heart disease, bradycardia, or electrolyte imbal-
ance. In addition, care should be taken to closely monitor the
ECG and cardiac functions while taking the medication. If a
grade III/IV adverse reaction occurs, it is recommended to
suspend the medication; if the grade III/IV adverse reaction
occurs again after the medication is resumed, the drug can be
continued after the dose is lowered. However, if the adverse
reaction continues, it is recommended to stop the drug.
Furthermore, in patients with grade III/IV cardiac insuffi-
ciency or with echocardiography that showed a left ventric-
ular ejection fraction <50%, it is recommended to discon-
tinue using the drug.

Hepatotoxicity. Taking apatinib can cause a transient
transaminase elevation or an increase in total bilirubin
(67, 68]. Therefore, patients with elevated serum transami-
nase and total bilirubin should use this agent with caution.
Moreover, patients with previous liver dysfunction should
be cautious and closely monitored when taking apatinib. It is
recommended to check liver function every 2 weeks during
the first two months of taking the medication. In addition,
this drug is contraindicated in patients with severe hepatic
insufficiency.

Others. Taking apatinib may cause nausea and vomiting.
Generally, non-pharmacological interventions that may
prevent or help control nausea include ginger, acupuncture,
acupressure, music therapy, and psychological support [69].
Additionally, dietary interventions, such as eating small,
multiple meals, avoiding food aromas and other odors,
avoiding spicy, fatty, or salty food, and taking antiemetics
before a meal, may also be useful [70]. In addition, for
breakthrough vomiting, a combination of different classes
of antiemetics should be used to stop the patient from
vomiting [69].

In patients with diarrhea, taking apatinib may affect the
absorption of this agent; therefore, the disease leading to
diarrhea should be actively treated, and this product can be
taken after improvement. If a III/IV grade diarrhea occurs
while using this product, suspend the medication; if the grade
III/IV diarrhea occurs again after the medication is resumed,
the dose may be lowered. If the adverse effect continues, it is
recommended to stop the drug.

Every patient receiving chemotherapy should undergo
fatigue screening [71, 72], and fatigue is a common side effect
of taking apatinib. Interventions for fatigue include educating
the patients and their families; using non-pharmacologic
interventions, such as exercise and psychosocial counseling,
and taking medications for the treatment of pain, emotional
distress, sleep disturbance, and anemia [72].

Conclusion

Angiogenesis plays a major role in the development
and progression of numerous solid cancers, and targeting
angiogenesis has been proven to be effective in many types
of cancer including lung, breast, and colon cancers [73,
74]. In a number of ongoing clinical studies, apatinib is
widely used as a novel antiangiogenic drug for the treat-
ment of various advanced or metastatic tumors. Notably,
the addition of apatinib significantly improved the response
rate, PFS and OS durations of patients with previously
treated and untreated advanced chemotherapy-refractory
solid cancers [75, 76]. In view of the positive results of
apatinib in patients with advanced or metastatic cancers,
various other clinical trials were performed to assess the
efficacy and tolerability of apatinib with or without the
combination of chemotherapy in various cancers. This
suggests that apatinib appears to be effective against many
advanced solid cancers after the failure of chemotherapy or
other targeted therapies [49, 52]. In addition, because the
goal of targeted drug therapy is to maintain target inhibi-
tion continuously over the course of the treatment, the
most convenient regimen is oral administration once a day
with an ideal plasma half-life of 8-12 hours [13]. Consid-
ering that the half-life of apatinib is 9 hours and given once
per day, it represents a promising drug that maintains an
adequate steady-state and accurately downregulates its
targets, VEGFR-2.
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Targeted therapy is also associated with a wide spectrum
of adverse events that can significantly alter the quality of life
of the treated patients, especially if several adverse events
coexist in a given patient. As research progresses, the safety
and tolerability of apatinib have also received widespread
attention. Awareness among prescribing clinicians and
adequate patient education are critical for the safe use of
these agents. Moreover, individualized risk assessments,
regular observations, and avoidance of drugs that add to
the toxicity of apatinib treatment can prevent these harmful
adverse effects. In a word, high awareness of the possibility of
adverse events in patients treated with apatinib may improve
the quality of life, help identify new syndromes, and prevent
treatment-related mortality in these patients.

In summary, apatinib is effective against most advanced
solid tumors that are refractory to chemotherapy, confirming
the potential application of apatinib in many advanced solid
tumors. In addition, the safety of apatinib has also received
extensive attention. Reasonable prevention and treatment of
possible side effects are beneficial to reverse adverse reactions
and improve quality of life.
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