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Abstract: Anti-angiogenesis therapy plays a vital role in the treatment of tumors, with anlotinib as its representative targeted drug.
Anlotinib is a novel oral tyrosine kinase inhibitor (TKI) with inhibitory effects on tumor growth tumor angiogenesis. In Phase III
clinical trials, anlotinib demonstrated better overall survival and progression-free survival than placebo in patients with advanced non-
small cell lung cancer (NSCLC), and was approved for the first time as a third-line treatment for refractory advanced NSCLC. Going
far beyond that, anlotinib has shown encouraging results in a variety of malignancies, including medullary thyroid carcinoma, renal
cell carcinoma, gastric cancer and esophageal squamous cell carcinoma. Nevertheless, anlotinib has been subject to some controversy
in terms of adverse events due to its widespread use. In this review, the mechanism of action, pharmacokinetic characteristics, adverse
reactions in clinical use and management of anlotinib were summarized.
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Introduction

Cancer has always been a major public health issue requiring close attention in countries around the world, making
inroads on 19.29 million new patients and causing 9.96 million deaths worldwide in 2020 alone, according to to the
statistics of the International Agency for Research on Cancer (IARC) of the World Health Organization.' There are many
kinds of treatment methods for malignant tumors. The traditional methods mainly include surgery, chemotherapy,
radiotherapy, interventional therapy, etc., while the emerging malignant tumor treatment methods also include targeted
therapy, immunotherapy, etc. Traditionally, chemotherapy with cytotoxic drugs has been used as the cornerstone of tumor
treatment, especially for those with advanced cancer. However, chemotherapy drugs will produce systemic toxicity and
drug resistance, so better treatment strategies are urgently needed to prolong the life span of patients. Targeted therapy
refers to the use of standardized biomarkers to identify whether there is a disease-specific gene or gene spectrum that
controls tumor growth, so as to determine the treatment method for specific targets. In tumor tissues, nutrients and
oxygen are supplied and metabolites are excreted through a complex tumor microvascular system.”* It was widely
believed until the early 1970s that tumor angiogenesis was an inflammatory response to necrotic tumor cells. But
everything changed with Judah Folkman’s research into tumor angiogenesis, which led to new insights into tumor
biology. Folkman believed that tumors can be limited to a size of 1-2 mm and enter a dormant state in the absence of
angiogenesis, and at the same time proposed the concept of anti—angiogenesis.4 Folkman’s hypothesis of tumor
angiogenesis as a potential therapeutic target has shifted the focus from traditional tumor cell-centric therapeutic
strategies to anti-angiogenesis approaches, pioneering a new field in oncology.” Tyrosine kinase inhibitor (TKI) is
currently one of the most common targeted therapeutic drugs with high selectivity and few side effects.® The listed
drugs have shown the superiority of traditional therapeutic drugs in the treatment of chronic myeloid leukemia, non-small
cell lung cancer, renal cell carcinoma and other diseases, and some of them have become the first-line drugs for the
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treatment of tumors.”® Larotrectinib for solid tumor with NTRK-positive rearrangements, imatinib/sunitinib for leukemia
and GIST, pazopanib for renal and lung cancer and for sarcoma.”'°

Anlotinib is a novel oral tyrosine kinase inhibitor developed independently in China. For one thing, it inhibits the
VEGFR2/3-mediated signaling pathway by blocking the phosphorylation of vascular endothelial growth factor receptor
(VEGFR) 2/3, thus inhibiting angiogenesis and tumor progression. For another, it exhibits strong inhibitory effects on
platelet-derived growth factor receptor (PDGFR) o/p and fibroblast growth factor receptor (FGFR) 1-4 pathways, which
can also inhibit angiogenesis and treat tumors.'' Moreover, anlotinib showed a strong inhibitory activity on the stem cell
factor receptor c-Kit,'? suppressing the growth of tumor. It can not only inhibit tumor angiogenesis in an all-round way,
but also interfere with the dual functions of tumor cells through kinases such as c-Kit. In other words, anlotinib boasts
a distinct advantage over single-target anti-tumor drugs, ie, it achieves tumor suppression via multiple pathways while
avoiding possible target resistance that may lead to treatment failure during treatment. Despite the diversity of targets of
this multi-target receptor tyrosine kinase inhibitor and its higher survival benefits, the safety risks brought by anlotinib
cannot be ignored.”® In this review, the mechanism of action and pharmacokinetic characteristics of adverse drug
reactions (ADRs) of anlotinib were summarized, and more importantly, the common adverse events and their manage-
ment in clinical use of anlotinib in cancer treatment were fully described.

Anti-Tumor Mechanism of Anlotinib

Angiogenesis in the human body is basically controlled by two substances to maintain stability: pro-angiogenic
molecular substances and anti-angiogenesis substances.'* In malignant tumor tissues, there is a steady transition from
angiogenesis to pro-angiogenesis, a process termed the “angiogenic switch”.'>'® It is currently believed that hypoxia of
cancer cells, which increases the formation of pro-angiogenesis factors, is a crucial pathological root that mediates these
changes.'” Vascular endothelial growth factor (VEGF) family is the most important and typical molecular factor to
promote angiogenesis in malignant tumor.'®!'” VEGF can fully exert its function through the combination of vascular
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endothelial growth factor receptors (VEGFR) related to its function. With the combination of VEGF and VEGFR, the
activity of tyrosine kinase at the intracellular receptor site can be increased to cause the phosphorylation of tyrosine
residues, thereby stimulating specific intracellular signaling pathways.?’!

Anlotinib is a kind of multi-target tyrosine kinase inhibitor with small molecular structure, with a variety of targets
such as vascular endothelial growth factor receptor (VEGFR)1/2/3, platelet-derived growth factor receptor (PDGFR),
fibroblast growth factor receptor (FGFR) and c-Kit as its functional targets.'> Yu et al**> carried out in vitro kinase
function tests and molecular dynamics simulations, showing the dual functions of anlotinib hydrochloride in comprehen-
sively controlling malignant tumor capillary regeneration and interfering with various biological functions of malignant
tumor cells by using active kinases such as c-Kit. Anlotinib hydrochloride, compared with active kinases such as EGFR
and HER?2, inhibits not only the phosphorylation activity of active kinases such as VEGFR2, c-Kit, and PDGFR}, but
also the phosphorylation of active kinases such as ERK and Akt in its downstream signaling pathways, thus effectively
cutting off its related signaling pathways. It is further explained that anlotinib is highly selective against angiogenic
receptors and c-Kit, boasting an anti-angiogenic effect by specifically integrating receptors involved in angiogenesis to
effectively inhibit their transmission of information. Therefore, anlotinib can effectively inhibit the angiogenesis caused
by the three information channels of VEGF/PDGFRB/FGFR2, both in vivo or in vitro, and then tumor angiogenesis.*
Anlotinib inhibits the activation of signaling pathways downstream of the relevant receptors, blocking cell proliferation,
migration and other biological processes. There is a broad crosstalk between the three major signaling pathways related
to the regulation of neovascularization, and each signaling pathway can be crosstalk through the downstream signaling
process by the modulation of kinases such as ERK, Akt, and PI3K, which implies that the inhibition of the three signaling
pathways mediated by VEGFR, PDGFRp, and FGFR is less likely to have a bypass activation and restart neovascular-
ization than simply inhibiting one of them.'' This means that simultaneous inhibition of the three signaling pathways
mediated by VEGFR, PDGFRp, and FGFR has a lower likelihood of bypass activation and restarting neovascularization
than inhibition of one of the signaling pathways alone, and has a more comprehensive effect.*’ Anlotinib has also
achieved good results in the treatment of non-small cell lung cancer, soft tissue sarcoma, medullary thyroid carcinoma,
and metastatic renal cell carcinoma. The literature on the treatment of tumors with anlotinib is shown in Table 1.

Pharmacokinetics of Anlotinib

The pharmacokinetic (PK) characteristics of anlotinib were evaluated in studies involving experimental animals and
patients with advanced cancer.”**> The results confirmed the excellent membrane permeability and digestibility of
anlotinib, and its oral bioavailability in dogs and rats was 41-77% and 28-58%, respectively, with significantly different
biological conversion rates among different species. In addition, anlotinib had a high apparent volume distribution in rats
(27.6£3.1L/kg) and dogs (6.6+2.5L/kg). A better level of fusion of anlotinib to plasma was also demonstrated, whereas in
human plasma it is mostly fused to albumin and lipoproteins. In mice and rats, levels of anlotinib significantly exceeded
normal levels in human plasma.>> There are many human cytochrome P450 isoforms involved in the metabolism of
anlotinib in in vitro scientific studies, among which CYP3A4 and CYP3AS5 are of great importance, indicating the
possibility that the level and action of anlotinib in vivo are affected by drugs that alter the function of P450 enzyme.?
Although anlotinib has been confirmed to have a significant induction effect on CYP2D1 and CYP3A (1 and 2) in vivo

Table | This Study Included Literature on the Treatment

of Anlotinib
Disease The Related Literatures
Non-small cell lung cancer 29,30,34,41,47
Sarcoma soft tissue 37
Renal Cell Carcinoma 42,43,44,46,55
Thyroid Cancer 49,53
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animal studies, it has no significant effect on other metabolic enzymes, including CYP1A2, CYP2D2, and CYP2C6. For
this reason, careful consideration should be given when using anlotinib in combination with certain drugs that promote
metabolism of CYP2D1 and CYP3A.%® So far, the PK characteristics of anlotinib have been confirmed by two Phase
I clinical trials.

According to a Phase I clinical trial in China, anlotinib is rapidly absorbed into the small intestine and significantly
increases plasma levels 1h after oral administration, reaching a peak in blood levels within 4—11min with a half-life (t1/2)
of 96+17h. Due to the increase of the dosage of anlotinib from 5mg to 16mg, the plasma Cmaxd 15 and the area under
the curve of blood drug content-time after 120h of administration also increased accordingly.”* Data show that anlotinib
can be widely distributed in human lungs, kidneys, liver and myocardium due to its good membrane permeability,
achieving the same content in the central nervous system as in human plasma. In the brain tissue of mice and tumor-
bearing animals, its distribution content also significantly exceeds the normal distribution level in the plasma. Anlotinib,
like other TKIs which are widely used in clinic at present, also exhibits a long half-life (t1/2) in patients.?” The longer the
duration of t1/2, the stronger the accumulation of anlotinib in plasma, with a general accumulation ratio of 12:7. Besides,
the 2-week dosing regimen in the experiment resulted in a continuous increase in the blood concentration of anlotinib,
reaching a peak at day 14 and gradually decreasing over the next 7 days. Based on these results and toxicological
descriptions, a dosing regimen of 12mg daily for 12 weeks followed by 1 week of discontinuation is recommended in
future studies.**

Common ADR Mechanisms and Treatment Measures of Anlotinib

As shown in a clinical trial to investigate the safety and efficacy of anlotinib,'® the most common ADRs of anlotinib are
hypertension, hand-foot syndrome, hyperlipidemia, etc. In the clinical trial of ALTER0303, the ADRs in the anlotinib
group were mainly hypertension (64.6%), fatigue (46.3%), thyroid-stimulating hormone elevation (44.6%), hand-foot
skin reaction (43.2%) and so on.”® A study by Abdel-qadir et al*’ revealed the short-term efficacy and safety of anlotinib
in advanced non-small cell lung cancer, and concluded that among grade I to II ADR, hand-foot syndrome accounted for
41.51%, hypertension for 24.53%, fatigue for 20.75%, and gastrointestinal reaction for 18.87%, but there was no grade
IV ADR.

ADRs Related to Cardiovascular System
VEGF, the primary target of anlotinib, has been scientifically linked to an increased incidence of many cardiovascular

3032 4f which hypertension

diseases (including hypertension, hypoxic heart disease, heart failure, and thromboembolism),
is the most typical and common ADR.?' Hypertension is a typical ADR with VEGF inhibitor and has a certain drug
concentration dependence, but with an unclear mechanism.>® Hypertension found during the application of anlotinib
should be treated early. Angiotensin converting enzyme inhibitors (ACEI) or angiotensin II receptor inhibitors (ARB) are
most commonly used to regulate blood pressure, and if they are not effective, some antihypertensive drugs (such as
calcium antagonists, diuretics, and beta blockers) should be used in combination. It is worth noting that the simultaneous
use of CYP3A4 enzyme inhibitors (such as verapamil or diltiazem) should be avoided as much as possible because
anlotinib needs to be metabolized by CYP3A4 enzymes.** A study’® showed that those with a history of hypertension,
advanced age and overweight were the main factors for VEGF inhibitor-induced hypertension. Therefore, patients with
high-risk factors who have been diagnosed with the type of drug and used anlotinib should be closely monitored by
medical staff and clinicians for their blood pressure and various symptoms induced, and the intricate correlation between
the above-mentioned various factors should be deeply explored.

VEGF inhibitors are risk factors for reversible posterior leukoencephalopathy syndrome (PRES).>” Despite usually
being manageable, PRES may cause permanent central nervous system damage and even death if not detected in time.
Since no relatively complete treatment measures for PRES have been proposed so far, when anlotinib is used clinically,
some manifestations caused by adverse reactions of PRES should be alerted and symptomatic treatment should be

carried out.
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ADRs Related to Urinary System

It has been confirmed that renal function damage is mainly related to VEGF inhibitors, and the common symptoms are
proteinuria and hematuria, and occasionally serum creatinine increases.’® It is currently unclear about the main
mechanism of VEGF inhibitors leading to hypoproteinuria, which is considered to be caused by inhibiting vascular
endothelial growth factor in podocytes, causing detachment and hypertrophy of glomerular endothelial cells, and causing
thrombotic microangiopathy with low glomerular volume.*® In the animal experiment results of ALTER-0303 (phase III
clinical trial of the treatment of NSCLC with anlotinib), the prevalence of proteinuria was only 28.9%. The animal
experiment results suggested that after discontinuing anlotinib in patients with urinary protein >2.0 g/L, their urinary
protein level was <1.0 g/L, and then anlotinib was continued at a lower therapeutic dose.>* Zhang et al*® observed in
a study that the incidence of proteinuria after application of anlotinib was about 17.3%. Continuous and large-scale
proteinuria will affect renal function, especially for those with renal dysfunction and cardiovascular diseases. Regular
detection and effective management of urinary protein levels are critical. It is recommended that physicians estimate
renal dysfunction in patients who have decided to start anlotinib and perform quantitative monitoring of urinary protein
before each cycle of treatment. In case of high levels, ACEI and ARB can be used to reduce proteinuria. In addition,
reducing the intake of edible salt and using glucocorticoids will also fix the cytoskeleton of podocytes, thus reducing the

amount of proteinuria.*?

ADRs Related to Skin and Its Subcutaneous Tissue

In the clinical trial of ALTER-0303, several patients had reduced medication due to hand-foot syndrome among the cases
of skin and subcutaneous ADRs caused by anlotinib.*> The exact mechanism by which tyrosine kinase inhibitors (TKIs)
cause hand-foot syndrome is currently unknown, but its potential causes®” are speculated to include: (D) increased drug
content in capillaries; (2) apoptosis and inflammation of nerve cells caused by capillary repair damage; 3 effects on
endothelial cell survival. In case of more serious hand-foot syndrome, it will cause severe pain, infection, and even
interfere with normal life. In view of this, patients with hand-foot syndrome should be treated appropriately according to
their course of disease. It is recommended that patients use soft insoles to reduce damage to the pressure parts of the feet
when applying anlotinib. For patients with grade 1-2 of hand-foot syndrome, emollients, antibiotics or cortisone

ointment can be used locally, while those with grade >3 can choose to stop taking drugs.**-°

AEs of Anlotinib

AEs against anlotinib has been studied in different cancer research areas, as indicated by the pharmacokinetic data of
anlotinib. In phase I trials, AEs were almost entirely manageable, with incidences greater than 30% including: hand-foot
skin reaction (53%), hypertension (34%), proteinuria (67%), triglyceride increase (62%), total cholesterol increase
(62%), hypothyroidism (57%), elevated alanine aminotransferase (48%), elevated aspartate aminotransferase (43%),
elevated total bilirubin (38%), serum amylase (43%), abnormal myocardial enzymes (38%), leukopenia (33%), and
neutropenia (33%).%* Patients treated with anlotinib have a higher overall incidence of AEs, with 29% having a history of
grade III/IV AEs, including severe hand-foot skin reactions (5%), hypertension (10%), elevated triglycerides (10%), and
lipase (10%).%* Notably, anlotinib results in less diarrhea than other anti-VEGFR TKI drugs,*®** but has a higher risk of
triggering an increase in triglycerides and cholesterol. Although these AEs do not cause corresponding symptoms, regular
monitoring of patients taking anlotinib is still of great importance, especially considering that some AEs are associated
with arterial thromboembolism. However, such cases are very common in patients taking anti-VEGFR TKI drugs.**

Management of AEs of Anlotinib

Anlotinib has been proved to be effective in various advanced tumors, but its incidental AEs may affect the quality of life
of patients and their compliance. The survey confirmed that the incidence of AEs in patients treated with anlotinib was
approximately 87.70-100%, and that of grade III or higher AEs was 21.67-61.90%.>**%%%¢ Other common AEs
associated with anlotinib treatment include blood pressure (BP) syndrome, hand-foot syndrome reaction (HFSR), fatigue,
diarrhea, and anorexia. Therefore, prevention and control of AEs during anlotinib therapy is of great importance to
improve treatment effectiveness and reduce unnecessary drug discontinuation. Most of them were grade I-II mild ADR,

Drug Design, Development and Therapy 2023:17 hetps: 3433

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li and Wang Dove

which could be alleviated and recovered by suspension of administration, adjustment of dosage and symptomatic
treatment, without affecting the overall course of treatment. Anlotinib is currently widely used in clinical practice, and
there are many super-indication drugs. Therefore, while paying attention to the clinical efficacy, it is also necessary to
closely monitor related adverse events, which is of great significance for improving the therapeutic effect and reducing
unnecessary drug withdrawal.

Hypertension

Hypertension can also be considered as a common AE of angiogenesis inhibitors, especially for VEGFR TKI.*!

Clinical
data indicate that 42-55% of patients with advanced tumors treated with anlotinib develop hypertension, and 4.80-
13.60% develop grade III or higher hypertension,”®***>*" demonstrating the importance of controlling hypertension
during treatment. The following methods will help reduce the probability of hypertension.

Firstly, blood pressure assessment must be done regardless of normal blood pressure, and blood pressure must be
closely monitored when starting treatment.>**® It is very critical to detect blood pressure several times in the first few
months for early intervention and relief of hypertension. Patients treated with antihypertensive drugs should have their
blood pressure measured twice a day at the nearest hospital or at home, and at the same time, strengthen patient
education.*’ Patients should be aware of dietary restrictions to help control their blood pressure and report to their doctor
about headaches, shortness of breath and other symptoms such as blushing.

Drugs that relieve hypertension,***’

such as thiazide diuretics, angiotensin converting enzyme inhibitors, angiotensin
IT receptor blockers, beta receptor blockers and calcium channel blockers, are beneficial for patients to control
hypertension when using anlotinib. All the above drugs can be used independently or in combination, but angiotensin
converting enzyme inhibitors should be avoided in combination with angiotensin II receptor blockers as far as possible.
Anlotinib is metabolized by cytochrome CYP3A4. Diltiazem and verapamil are inhibitors of liver drug enzyme CYP3A4,
which should be avoided in combination with anlotinib due to possible drug effects. It has also been reported that
nifedipine has the effect of enhancing VEGF release, which should also be avoided.’ In view of the danger of treating
diarrhea, thiazide diuretics should be used cautiously. Drug therapy should be based primarily on the patient’s medical
history and clinical condition. Usually, BP may recover after long-term use of anlotinib, so it is essential to reduce or stop

using related antihypertensive drugs.

Hand-Foot Syndrome
HFSR, also known as painful erythema palmaris or hand-foot syndrome, is a typical AE caused by some biochemical
therapies and targeted therapies, which may cause physical and psychological discomfort to patients.”’ The incidence of
HFSR in patients undergoing anlotinib therapy ranges from 28.33 to 79.31%, with 3.33 to 8.62% presenting with grade 3
or higher.>**®*#7 It is characterized by erythema under pressure and bending parts, slow perception, pain, cracking and
desquamation, mostly on the palms and soles of feet. Although HFSR is generally reversible, it causes a significant
reduction in the patient’s quality of life during the healing process. The following methods can be used to prevent and
reduce the occurrence of HFSR caused by anlotinib, 48495253

Firstly, appropriate precautions should be taken, such as advising patients to reduce mechanical stress on the body and
to protect their hands and feet by wearing thick cotton socks, gloves, and suitable boots. Meanwhile, skin protection
should be strengthened, and it is recommended to use moisturizers containing urea. Hot and cold stimuli should be
avoided, and hands should be washed frequently and kept dry. If HFSR persists during the treatment period, the above-
mentioned prophylaxis can be further carried out. For patients with grade 1 HFSR, emollients containing 20—40% urea
can be used and long-term follow-up can be carried out. For those with grade 2 to 3 HFSR, cortisone or 0.05%
polychlorinated betasol can be used for treatment, or painkillers and antibiotics can be used to reduce or prevent HFSR.
In the event of failure of the above schemes, adjustment of the dosage and/or withdrawal of the drug should be
considered to relieve the symptoms of HFSR before continuing the drug. If the grade of HFSR is reduced to <1, the
full dosage can be restored. However, once there is a change in HFSR during use, the dosage may need to be reduced or
suspended in the following course of treatment.
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Diarrhea
Diarrhea, one of the most common side effects in TKI therapy, may cause a decrease or even suspension of dosage during
treatment. Studies have revealed that broad-target TKI therapy is associated with a greater risk of diarrhea than single-
target TKI therapy.>* Despite the uncertain underlying mechanism of TKI causing diarrhea, gastrointestinal inflamma-
tion, mucosal damage and ion transport dysfunction are all risk factors for diarrhea.”® The incidence of diarrhea during
anlotinib treatment ranged from 23.33 to 34.48%, compared with 1.10% for those with grade 3 and above.***>~
Monitoring and intervention at the early stage of treatment can effectively avoid diarrhea, and for severe diarrhea,
dietary habits must be changed.**® Patients should be advised to take less drugs, such as caffeine, ethanol, foods
containing lactose, and insoluble multi-fiber foods, and to increase water intake to prevent dehydration. If diarrhea
persists despite dietary improvements, pharmacologic intervention should be initiated for patients. Antidiarrheal drugs
such as loperamide and atropine can be considered.*®>* For patients who do not respond to drug treatment and those with
severe diarrhea, the use of anlotinib should be reduced or suspended. However, anlotinib should be started immediately at
full dose if diarrhea resolves.

Anorexia

Anorexia tendency occurs in about 13.33-34.48% of patients receiving anlotinib treatment, but grade 3 or higher
anorexia rarely occurs®***® Many patients develop anorexia due to medication or extreme psychological anxiety or
depression. In terms of diet, nutritious and high-calorie foods, such as protein food, eggs, meat and milk products, are
recommended. Some drugs that stimulate appetite can also be used appropriately, such as dronabinol or megestrol
acetate.*’ Besides, patients are encouraged to eat less and eat more meals instead of three meals a day. Moderate physical
exercise, such as walking, exercising or riding a bicycle, will help to increase appetite. Furthermore, attention should be
paid to controlling treatment or other related AEs, such as vomiting and diarrhea, which also helps to reduce anorexia.
Cancer patients need appropriate social activities because they are prone to anxiety or depression. In the event of

anorexia, lowering the dose of anlotinib should only be considered in severe emergencies.

Conclusion

Anlotinib, currently the most commonly used anti-tumor drug, is a class of multi-target receptor tyrosine kinase inhibitors
that can achieve favourable therapeutic effects due to the diversity of its targets. But at the same time, it may also cause
security risks. In this paper, the mechanism and pharmacokinetic characteristics of adverse drug reactions (ADR) to
anlotinib were introduced, and the common adverse conditions and treatment measures in clinical application of anlotinib
in preventing and treating tumors were also described. AEs related to anlotinib can be solved through patient manage-
ment, prevention, therapeutic intervention and drug adjustment. To this end, attention should be paid to the management

of AEs when using anlotinib, which is of great importance improve patient compliance and quality of life.
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