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Abstract. Angiogenesis has an essential role in tumor growth 
and metastasis, and blocking this pathway has been a success-
fully utilized strategy in the clinical treatment of cancer. 
Anlotinib (AL3818) is a novel oral receptor tyrosine kinase 
inhibitor targeting vascular endothelial growth factor receptor 
2 and 3, fibroblast growth factor 1‑4, platelet‑derived growth 
factor receptor α and β, c-Kit and Ret. Anlotinib exerts inhibi-
tory effects on tumor growth and angiogenesis and received its 
first approval as a third‑line treatment for refractory advanced 
non-small-cell lung cancer in May 2018 and its second approval 
as a second-line treatment for advanced soft-tissue sarcoma in 
June 2019 in the People's Republic of China. Anlotinib has 
encouraging efficacy and a manageable and tolerable safety 
profile in a broad range of malignancies, including medullary 
thyroid cancer, renal cell cancer, gastric cancer and esophageal 
squamous cell carcinoma. In the present review, the preclinical 
and clinical trials of anlotinib were summarized with a focus 
on safety evaluation and adverse event management.
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1. Introduction

Cancer has always been a major public health problem 
worldwide, with 18.1 million new cases and 9.6 million 
deaths estimated in 2018 (1). Despite continuous advances in 
multidisciplinary regimens, including surgery, chemotherapy 
and radiotherapy, cancer still has an unfavorable prognosis. 
Conventional cytotoxic chemotherapy is the cornerstone of 
antitumor treatment, particularly for advanced cancer. The 
development of systemic toxicity and drug resistance to 
chemotherapy emphasizes the pressing need for better thera-
peutic strategies to prolong the lifespan of patients. In recent 
years, with the rapid progression of precision medicine, an 
increasing number of scientists have focused on developing 
precise therapeutic approaches by identifying novel molecular 
targeted therapies for the treatment of various types of cancer.

Angiogenesis has an essential role in tumor growth and 
metastasis, and consequently, blocking this pathway has been 
a successfully utilized strategy in the clinical treatment of 
cancer (2,3). Receptor tyrosine kinases (RTKs) are among the 
most promising therapeutic targets that modulate cell prolif-
eration, growth, angiogenesis and metastasis in a wide range 
of cancers, including non-small-cell lung cancer (NSCLC), 
colorectal cancer (CRC) and breast cancer (4-8). The RTK 
family includes insulin receptors and numerous growth factor 
receptors, including epidermal growth factor receptor (EGFR), 
platelet-derived growth factor receptor (PDGFR), vascular 
endothelial growth factor receptor (VEGFR), nerve growth 
factor receptor (NGFR) and fibroblast growth factor receptor 
(FGFR), among others (9). In recent decades, there have been 
unprecedented advances in the development of various RTK 
inhibitors (10‑15). Several targeted drugs, including gefitinib, 
erlotinib and crizotinib, have been approved by the Food and 
Drug Administration of U.S.A. for NSCLC treatment. Of note, 
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anti-angiogenesis drugs, including bevacizumab and recom-
binant human endostatin, have become important treatment 
options for NSCLC (16,17). However, no standard third-line 
treatment for NSCLC is available in China for patients who 
progressed after second-line chemotherapy. Considering 
the limited therapeutic response, there is still a requirement 
to overcome drug resistance and achieve target-specific 
sensitivity to decrease off-target-mediated toxicity.

Anlotinib (AL3818) is a novel oral RTK inhibitor targeting 
VEGFR-2 and -3, FGFR1-4, PDGFR-α and -β, c-Kit and 
Ret (18), thereby exerting inhibitory effects on tumor growth 
and angiogenesis, as illustrated in the schematic in Fig. 1. 
Anlotinib was approved and launched in the People's Republic 
of China in May 2018 as a third-line treatment for patients 
with refractory advanced NSCLC after ≥2 lines of systemic 
chemotherapy and it received its second approval in June 2019 
as a second-line treatment for patients with advanced alveolar 
soft-part sarcoma (ASPS), clear-cell sarcoma and other types 
of advanced soft tissue sarcoma (STS) after one line of a chemo-
therapy regimen containing anthracycline. In addition, several 
phase II/III clinical trials of anlotinib have been completed or 
are ongoing for various cancer types, including STS, renal cell 
carcinoma (RCC), hepatocellular carcinoma, ovarian cancer, 
esophageal squamous cell carcinoma (ESCC), gastric cancer, 
CRC, nasopharyngeal carcinoma and thyroid carcinoma. In 
the present review, the preclinical data and clinical trials of 
anlotinib are summarized and, more importantly, the safety 
evaluation and management of adverse events associated with 
the clinical use of anlotinib for cancer treatment are fully 
described.

2. Preclinical studies on anlotinib

A variety of basic studies have been dedicated to assessing 
the antitumor effect of anlotinib in vitro and in vivo. In vitro, 
anlotinib inhibits cell viability and induces apoptosis in 
human lung cancer cells, which in turn enhances the cyto-
toxicity of anlotinib and amplifies its anti‑angiogenic effect 
through JAK2/STAT3/VEGFA signaling (19). Anlotinib 
exerts anti-tumor effects by inhibiting osteosarcoma cell 
growth, metastasis and angiogenesis through dual blockade 
of the VEGFR2 and MET signaling pathways (20). Anlotinib 
also exhibits promising anti-tumor effects on papillary 
thyroid cancer and anaplastic thyroid cancer cell lines (21). 
Lin et al (22) demonstrated that anlotinib inhibited angiogen-
esis by suppressing the activation of VEGFR2, PDGFRβ and 
FGFR1, as well as downstream ERK signaling. Furthermore, 
anlotinib has a better antiangiogenic effect than sunitinib, 
sorafenib and nintedanib when administered at the same 
concentration (22). Encouraged by its promising inhibitory 
effect on several cancer cell lines, studies further explored the 
potential anti-tumor activity of anlotinib in vivo. The results 
revealed that anlotinib had a potent inhibitory effect in human 
xenograft models of multiple cancer types when administered 
alone or in combination with chemotherapy (19-21,23).

Chemotherapy is a potent treatment option for cancer 
patients. The emergence of multidrug resistance is one of 
the major reasons for local recurrence or treatment failure 
in patients. In vitro, Wang et al (20) indicated that anlo-
tinib increased the inhibitory effect of cisplatin (DDP) on 

osteosarcoma cell proliferation and promoted DDP-induced 
apoptosis when administered at a low concentration (1 µM). 
In vivo, treatment with the combination of anlotinib and DDP 
significantly decreased tumor weight and volume compared 
with anlotinib or DDP alone (20). The above data indicated 
that anlotinib increases the sensitivity of osteosarcoma cells 
to DDP in vitro and in vivo. It has been acknowledged that 
activation of the FGFR signaling pathway promotes chemo-
therapy resistance (24-27). Anlotinib exerts its inhibitory 
effects by suppressing several targets, including FGFR1-4. 
Thus, anlotinib may be useful in enhancing the response 
to chemotherapy. Furthermore, its broad target range may also 
contribute to overcoming drug resistance induced by previous 
chemo- or targeted therapies.

However, anlotinib inevitably faces the problem of drug 
resistance at the late stage of cancer treatment. MicroRNAs 
(miRs) have a dual role in promoting drug sensitivity and 
inducing drug resistance in cancer treatment (28,29). A study 
by Wang et al (30) suggested that silencing the expression of 
the gene metastasis-associated in colon cancer-1 via miR-940 
increased the antitumor effect of anlotinib on the proliferation 
and invasive growth of CRC cells. Ma et al (31) reported that 
miR-6077 inhibited the expression of glucose transporter 1 and 
enhanced the anti-tumor effect of anlotinib on patient-derived 
lung adenocarcinoma cells. Another study indicated that 
miR-596 promoted the sensitivity of osteosarcoma to anlo-
tinib by targeting survivin (32). Furthermore, Lu et al (33) 
revealed that supplementing exogenous C-X-C chemokine 
ligand 2 (CXCL2) may be a possible mechanism by which to 
circumvent anlotinib resistance. Despite the continuous efforts 
made by researchers in recent years, available approaches to 
overcoming drug resistance are still limited and have not been 
applied in the clinical setting.

3. Clinical trials of anlotinib

The efficacy of anlotinib in the treatment of various solid 
tumors has been assessed in several phase I, II and III studies 
(summarized in Table I).

Phase I. A phase I clinical trial was performed by Sun et al (34) 
to evaluate the pharmacokinetic variables, safety profile and 
anti-tumor properties of anlotinib in patients with advanced 
refractory solid malignancies and to establish the recom-
mended phase II dose and schedule. A total of 35 patients were 
enrolled in this study, including two cohorts of patients who 
received anlotinib at doses of 5 or 10 mg per person/day on the 
4/0 schedule (consecutively for 28 days) and three cohorts of 
patients who received anlotinib at doses of 10, 12 or 16 mg per 
person/day on the 2/1 schedule (2 weeks on/1 week off) for two 
cycles. Dose-limiting toxicity (DLT) was grade 3 hypertension 
at 10 mg on the 4/0 schedule. On the 2/1 schedule, DLT was 
grade 3 hypertension or grade 3 fatigue at 16 mg. The pharma-
cokinetic assessment demonstrated that anlotinib was rapidly 
absorbed through the intestine and had a long elimination 
half‑life of 96 h, which resulted in significant accumulation 
in the plasma during multiple oral doses. The maximum toler-
ated dose was determined to be 12 mg/day. The recommended 
dosage regimen for the phase II trial was 12 mg/day on the 2/1 
schedule. The antitumor response of anlotinib was assessed in 
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20 of the 21 patients who received 12 mg/day anlotinib on the 
2/1 schedule. Partial response was noted in 3 patients (15%) 
and stable disease was noted in 14 patients (70%), including 
12 patients with tumor burden shrinkage and 3 patients (15%) 
with progressive disease. The types of cancer that responded 
to anlotinib included colon adenocarcinoma, NSCLC, renal 
clear cell cancer, medullary thyroid carcinoma (MTC), STS, 
melanoma, thymic carcinoma and adenoid cystic carcinoma. 
The most frequent serious adverse events (AEs) reported 
were hypertension, triglyceride elevation, hand-foot skin reac-
tion (HFSR) and lipase elevation. In this phase I study, the 
toxicity of anlotinib was indicated to be manageable and the 
recommended regimen was well tolerated.

Another phase Ib study was performed at a single US center 
with subjects with ovarian, cervical and endometrial cancers 
(grant no. NCT02558348) (35). The author also recommended 
12 mg daily with a 2-week on/1-week off regimen.

Phase II
Anlotinib for advanced NSCLC and SCLC. Lung cancer 
remains the most common type of malignancy worldwide, 
with 2.1 million new lung cancer cases and 1.8 million 
deaths estimated in 2018 (1). NSCLC and SCLC are the two 
primary types of lung cancer. NSCLC accounts for 80-85% 
of diagnosed lung cancers, whereas SCLC accounts for ~15% 
of cases (36). Most people are diagnosed after the cancer has 
already spread and only a minority of patients may be treated 
by surgery. Current treatment options for advanced lung cancer 
remain limited, and the third- or further lines of treatment for 
advanced lung cancer are usually based on each physician's 
experience. Thus, novel therapies are urgently required. The 
development of targeted therapies, including anlotinib, and 
immunotherapy has prompted a new era in the personalized 
management of lung cancer.

Han et al (37) performed a multicenter, randomized 
phase II clinical study (ALTER0302) of anlotinib and 
recruited 117 patients with refractory advanced NSCLC who 
failed at least 2 lines of chemotherapy or experienced drug 

intolerance. In the study, the 117 patients were randomized 
(1:1) to receive anlotinib (12 mg per day, per os; days 1-14; 
21 days per cycle) or placebo. Anlotinib treatment signifi-
cantly improved progression-free survival (PFS) compared 
with placebo [4.8 months vs. 1.2 months; hazard ratio 
(HR)=0.32; 95% CI, 0.20-0.51; P<0.0001]. The overall 
response rate (ORR) of the anlotinib group was better than 
that of the placebo group (10.0%; 95% CI, 2.40-17.60% 
vs. 0%; 95% CI, 0-6.27%; P=0.0280). The median overall 
survival (OS) time was 9.3 and 6.3 months for the anlo-
tinib and placebo groups, respectively (HR=0.78; 95% CI, 
0.51-1.18; P=0.2316). The small sample size may be respon-
sible for the failure to achieve statistical significance for 
the median OS. AEs were markedly more frequent in the 
anlotinib group than in the placebo group; the percentage of 
treatment-associated grade 3 or 4 AEs was 21.67%. The most 
common treatment-associated grade 3 or 4 AEs were 
hypertension, elevated thyroglobulin (TG) and HFSR.

Regarding the efficacy of anlotinib in SCLC, another 
multicenter, randomized, double-blind phase II trial was 
performed. Cheng et al (38) investigated anlotinib vs. placebo 
for the third- or further-line treatment of SCLC (ALTER1202, 
NCT03059797). In the trial, 120 enrolled patients with 
limited- or extensive-stage SCLC who failed at least 2 lines of 
chemotherapy were randomized at a 2:1 ratio to the anlotinib 
arm or placebo arm (12 mg per os QD from day 1 to 14, every 
3 weeks). PFS was the primary endpoint and the secondary 
endpoints included OS, the ORR, the disease control rate 
(DCR), quality of life (QoL) and safety. The outcomes 
demonstrated that the median PFS of the anlotinib arm was 
significantly prolonged compared with that of the placebo 
arm (4.1 months vs. 0.7 months; HR=0.19; 95% CI, 0.12-0.32; 
P<0.0001). The ORR data were similar between the two 
groups; however, the DCR was higher in the anlotinib arm 
than in the placebo arm (71.6% vs. 13.2%, P<0.0001).

In summary, the above studies indicated that anlotinib has 
substantial clinical effects in patients with advanced NSCLC 
and SCLC.

Figure 1. Mechanism of action of anlotinib. FGFR, fibroblast growth factor receptor; GDNF, glial cell line‑derived neurotrophic factor; MAPK, mitogen‑activated 
protein kinase; PDGFR, platelet-derived growth factor receptor; PLCγ, phospholipase γ 1; PKC, protein kinase C; RAS, rat sarcoma protein; SCF, stem-cell 
factor; VEGFR, vascular endothelial growth factor receptor; P, phosphate.
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Anlotinib for advanced STS. STS comprises a group of 
relatively uncommon tumors, accounting for ~1% of all solid 
malignancies (39,40). Novel therapeutic options, including 
pazopanib, eribulin and trabectedin, have been developed 
in recent years. Unfortunately, none of them have been 
approved for STS treatment in China. In addition, the rarity 
of this disease and its numerous subtypes make obtaining 
large‑scale data to guide treatment difficult. The prognosis 
of this disease remains poor, with a median OS of just over 
a year (41,42). A phase I study of anlotinib conducted by 
Sun et al (34) demonstrated promising anti-tumor potential 
against STS. Based on the results, a multicenter, phase II study 
by Chi et al (43) (NCT01878448) investigated single-agent 
anlotinib in patients with STS who had disease progression 
after anthracycline-based first-line chemotherapy. A total 
of 166 patients were included in the final analysis and the 
participants were treated with oral anlotinib 12 mg once daily, 
2 weeks on/1 week off. The primary endpoint, the progres-
sion-free rate at 12 weeks (PFR12 weeks), was 68%, while the ORR 
was 13% (95% CI, 7.6-18.0%). The median PFS and OS were 
5.6 and 12.0 months, respectively. Several histologic types of 
STS, such as fibrosarcoma, ASPS, liposarcoma and synovial 
sarcoma, were highly sensitive to anlotinib, with a PFR12 weeks 
exceeding 70%. The PFR12 weeks and median PFS and OS for 
liposarcoma were 63%, 5.6 months and 13.0 months, respec-
tively, demonstrating promising clinical application value. 
Of note, anlotinib prolonged the median PFS of ASPS to 
21 months, revealing a marked benefit of anlotinib.

The same research group further explored the association 
between age, prior lines of therapy and dose modification and 
the efficacy of anlotinib in advanced STS by conducting a 
randomized phase IIB trial (ALTER0203, NCT02449343) (44). 
A total of 158 patients were enrolled in the study. The results 
demonstrated a similar median PFS in patients receiving anlo-
tinib who had received 0 or 1 prior lines of therapy and those 
who had received 2+ prior lines of therapy (6.70 months vs. 
6.33 months). The median PFS in patients aged <65 years was 
similar to that in patients aged ≥65 years (6.33 and 5.90 months, 
respectively). Importantly, the median PFS was markedly 
prolonged in patients requiring ≥1 dose reduction compared 
with those with no reduction (10.43 and 5.73 months, respec-
tively). This trial further confirmed the single‑agent activity of 
anlotinib in advanced STS.

Due to the potent therapeutic effect of anlotinib, it was 
recommended in the Chinese Society of Clinical Oncology 
guidelines for the treatment of STS in 2019 (45). Anlotinib 
received its second approval as a second-line treatment for 
advanced ASPS, clear cell sarcoma and other types of advanced 
STS after anthracycline‑based first‑line chemotherapy in June 
2019 in the People's Republic of China (46).

Anlotinib for advanced MTC. Thyroid cancer is the ninth 
most common type of cancer worldwide, with an estimated 
567,000 cases in 2018 (1). MTC is a rare form of cancer origi-
nating from thyroid parafollicular C cells and accounts for 
2-3% of cases of thyroid gland neoplasia (47). Total thyroid-
ectomy is the only curative treatment for MTC. Unfortunately, 
treatment options for distant metastatic MTC are limited, and 
conventional chemotherapy has unsatisfactory efficacy and 
considerable toxicity. The 10-year OS rate of metastatic MTC 

is ~40% (48). Mutations in the Ret proto-oncogene are closely 
linked to the development of MTC (49). Systemic therapies, 
including multitargeted kinase inhibitors, are promising for 
advanced MTC. Several tyrosine kinase inhibitors (TKIs), 
such as vandetanib, cabozantinib, motesanib and sorafenib, 
have demonstrated promising clinical efficacy in unresectable 
MTC (50-53).

A single-arm, multicenter phase II clinical trial was 
performed in patients with unresectable or metastatic MTC 
(NCT01874873) (54). A total of 58 patients were enrolled and 
treated with 12 mg anlotinib once daily, 2 weeks on/1 week 
off. The reported ORR and DCR were 56.90 and 93.10%, 
respectively. The survival rates for the participants at 12, 24 
and 36 months were 89.7, 78.6 and 76.4%, respectively. In addi-
tion, the PFS rates at 24, 36 and 48 weeks were 92.2, 87.8 
and 84.5%, respectively. Collectively, the results suggested that 
anlotinib exerts promising efficacy against advanced MTC.

Anlotinib for metastatic RCC (mRCC). RCC is responsible 
for >90% of neoplasms arising from the kidney. The clinical 
features of RCC are obscure and not specific in most cases. 
The only way to cure RCC is surgical resection. The five‑year 
survival rate in patients with localized RCC is ~92.5%; 
however, it decreases to 69.6% in patients with regional disease 
and further decreases to 12.0% in patients with mRCC (55). 
mRCC is not sensitive to chemotherapy or radiotherapy. The 
past decade has witnessed marked advances in the treatment of 
mRCC, including targeted therapies with sunitinib, pazopanib, 
temsirolimus, sorafenib and bevacizumab plus interferon-α 
as the first‑ or second‑line treatment (56‑60). The sequential 
application of targeted drugs has proven to be a successful 
standard procedure for patients with mRCC with a failed 
previous therapy.

A multicenter phase II clinical trial conducted by 
Zhou et al (61) (NCT02072044) assessed the efficacy of 
anlotinib in mRCC patients who progressed or were intol-
erant to sorafenib or sunitinib. In the study, of the 43 enrolled 
patients, 42 were eligible and received treatment. One patient 
withdrew prior to treatment, 30 patients had disease progres-
sion and 10 were intolerant to sorafenib or sunitinib therapy. 
The median PFS for the whole group and for patients who 
had progressed on previous TKI treatment was 11.8 and 
8.5 months, respectively. For intent-to-treat patients, the ORR 
was 19.10% (95% CI, 8.60-34.12) and the 6-week DCR was 
90.50% (95% CI, 77.40-97.30%). The results of this clinical 
trial demonstrating the excellent therapeutic effect of anlotinib 
were presented at an annual meeting of the American Society 
of Clinical Oncology in 2016 (61).

The same study group further performed a multicenter 
randomized phase II trial (NCT02072031) to compare the 
efficacy of anlotinib vs. sunitinib as the first‑line treatment for 
patients with mRCC (62). A total of 133 patients (90 treated 
with anlotinib, 43 treated with sunitinib) were enrolled. 
Patients in the anlotinib group received an oral dose of 12 mg 
once daily (2 weeks on/1 week off) and patients in the suni-
tinib group received an oral dose of 50 mg once daily (4 weeks 
on/2 weeks off). The results demonstrated that both groups 
had similar PFS rates (17.5 months vs. 16.6 months, P>0.05), 
median OS rates (30.9 months vs. 30.5 months, P>0.05), 
ORRs (30.3% vs. 27.9%) and 6-week DCRs (97.8% vs. 93.0%, 
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P=0.33). Anlotinib is a potential first‑ or second‑line treatment 
for patients with mRCC and has good prospects in clinical 
applications.

Anlotinib for advanced ESCC. Esophageal cancer ranks 
seventh in terms of incidence and sixth in terms of mortality, 
with 572,034 new cases of esophageal cancer and 508,585 
deaths estimated in 2018, more than half of which occurred 
in China (1). The two major histological subtypes of esopha-
geal cancer are esophageal adenocarcinoma and ESCC. 
ESCC accounts for ~95% of all cases of esophageal cancer. 
Radiotherapy has a crucial role in the treatment of ESCC and 
it may be combined with chemotherapy for inoperable patients. 
However, acquired chemo/radioresistance may be the major 
reason for local recurrence or treatment failure. Novel drugs 
are therefore urgently required.

A randomized, double-blind, multicenter phase II trial 
by Huang et al (63) investigated single-agent anlotinib in 
patients with stage IV ESCC who had previously received 
at least one line of platinum- or taxane-based chemotherapy 
and experienced disease progression after chemotherapy 
(ALTER1102, NCT02649361). Patients were randomized (2:1) 
to receive anlotinib or placebo; 109 patients received anlotinib, 
while 55 patients received the placebo. The results suggested 
that patients treated with anlotinib had a significantly longer 
median PFS (3.02 months vs. 1.41 months; HR=0.46, 95% 
CI: 0.32-0.66; P<0.0001) than those treated with the placebo. 
The anlotinib group exhibited a markedly improved DCR 
compared with the placebo group (62.44% vs. 18.18%; 
P<0.0001). The above results were presented at the 2019 
Gastrointestinal Cancers Symposium which was organized by 
the American Gastroenterological Association and American 
Society of Clinical Oncology (63).

Due to the promising therapeutic effect of anlotinib, it was 
recommended in the Chinese Society of Clinical Oncology 
guidelines for the treatment of advanced ESCC in 2019 (64).

Phase III. As discussed above, anlotinib has exhibited encour-
aging clinical activity, bringing new hope to patients with 
advanced NSCLC. A multicenter, double-blind, randomized 
phase III clinical trial (ALTER0303, NCT02388919) was 
performed to estimate the drug's efficacy in patients with 
advanced NSCLC who failed at least 2 lines of prior thera-
pies (65). Patients harboring EGFR mutations or anaplastic 
lymphoma kinase (ALK) rearrangements must have failed at 
least 1 line of chemotherapy and TKI therapy to be enrolled 
in the study. A total of 437 patients from 31 grade-A tertiary 
hospitals were randomized (2:1) to receive oral anlotinib 
12 mg or matched placebo on a 2-week on/1-week off regime 
until progression or intolerable toxicity. Regarding efficacy, 
patients treated with anlotinib had significantly longer OS 
and PFS than those treated with placebo [OS: 9.6 months vs. 
6.3 months, HR=0.68 (95% CI, 0.54-0.87), P=0.002; PFS: 
5.4 months vs. 1.4 months, HR=0.25 (95% CI, 0.19-0.31), 
P<0.001]. The ORR and DCR were also substantially higher 
in the anlotinib group than in the placebo group [ORR, 27 
(9.2%) vs. 1 (0.7%), P<0.001; DCR, 238 (81.0%) vs. 53 (37.1%), 
P<0.001].

The same study group further performed an exploratory 
subgroup analysis of the ALTER0303 trial to investigate the 

efficacy of anlotinib as a third‑line treatment in patients with 
different EGFR gene statuses. The results revealed that anlotinib 
significantly improved PFS and OS in EGFR‑mutated patients 
[OS: HR=0.59 (95% CI, 0.37-0.93); PFS, HR=0.15 (95% CI, 
0.09-0.24)] and wild-type EGFR patients [OS: HR=0.73 (95% 
CI, 0.55-0.97); PFS: HR=0.29 (95% CI, 0.22-0.39)]. Patients 
with NSCLC bearing EGFR mutations or ALK rearrangements 
exhibited obvious responses to several TKIs, including gefitinib, 
erlotinib and crizotinib, in the initial stage (66). Commercially 
available means of detecting EGFR mutations and ALK rear-
rangements will facilitate the prediction of the drug response 
and enable the selection of an individualized treatment 
regime. However, the efficacy of erlotinib and gefitinib for 
EGFR unselected or wild-type patients is unsatisfactory. The 
ALTER0303 trial indicated that in both the EGFR-mutant 
and wild-type groups, anlotinib resulted in improved PFS and 
OS compared with the placebo group. In addition, a study by 
the same group suggested that patients with sensitive EGFR 
mutations had a significantly prolonged OS time compared 
with patients with wild-type EGFR when treated with anlo-
tinib [10.70 vs. 8.87 months, HR=0.685, 95% CI 0.50-0.95, 
P=0.0204] (67). A retrospective study by Shao et al (68) deter-
mined that the median PFS in the EGFR-mutated and wild-type 
groups treated with anlotinib was 3.5 and 2.8 months, respec-
tively, and there was no significant difference between the two 
groups (P=0.873). The aforementioned study did not demon-
strate significant differences in the median PFS between the 
EGFR-mutated and wild-type groups, which may be due to the 
small sample size or because it was a retrospective single-center 
study; furthermore, with the inclusion of patients with different 
histological subtypes, there a certain heterogeneity was present 
in the study. Although patients with NSCLC harboring EGFR 
mutations may achieve prolonged survival and a preserved 
QoL, resistance invariably develops. The T790M mutation is 
mainly responsible for acquired drug resistance (66,69,70). In 
the ALTER0303 trial, 18 patients with T790M benefited from 
anlotinib compared with placebo, with a median OS of 21.5 and 
6.6 months, respectively (71).

Furthermore, in patients with adenocarcinoma, anlotinib 
provided benefits for both OS and PFS [OS: HR=0.67 (95% 
CI, 0.51-0.89); PFS: HR=0.21 (95% CI, 0.15-0.28)]. In patients 
with squamous cell carcinoma, a substantial increase in only 
PFS was achieved [HR=0.37 (95% CI, 0.22-0.60)]. Post-hoc 
analysis revealed that a larger proportion of patients in the 
placebo group received subsequent treatment [93 (65.0%) vs. 
143 (48.6%); P=0.002], particularly chemotherapy [59 (41.3%) 
vs. 66 (22.5%); P<0.001], than those in the anlotinib group.

The researchers also assessed QoL in the participants 
based on the ALTER0303 trial (65,72). QoL was assessed 
using the European Organization for Research and Treatment 
of Cancer (EORTC) Quality of Life Questionnaire Core 
30 (QLQ-C30) and the associated EORTC Quality of Life 
Lung Cancer Specific Module (QLQ-LC13). The results 
suggested that anlotinib improved the role functioning, social 
functioning, dyspnea, insomnia, constipation and financial 
situation of patients with advanced NSCLC compared with 
placebo. However, the anlotinib group exhibited worse sore 
mouth or tongue symptoms than the placebo group. The above 
data indicated that anlotinib improves QoL in patients with 
advanced NSCLC.
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Recently, the effect of anlotinib on the brain metastasis 
(BM) of NSCLC was reported on the basis of the ALTER0303 
trial (73). The results indicated that more cases of BM were 
present among young patients and those with adenocarcinoma. 
Anlotinib contributed significantly to PFS (BM: HR=0.19, 
0.11-0.34; non-BM: HR=0.29, 0.22-0.37; interaction P=0.691) 
and OS (BM: HR=0.71, 0.44-1.16; non-BM: HR=0.67, 
0.51-0.89: Interaction P=0.789) in patients with NSCLC over 
placebo in the BM and non-BM groups. In addition, anlotinib 
markedly prolonged the time to brain progression (HR=0.11, 
95% CI 0.03-0.41, P=0.001), which demonstrated that the risk 
of BM was reduced by 90% with anlotinib.

Subsequently, the same research group preliminarily 
investigated the possible factors that affected PFS and OS 
after anlotinib treatment in patients with refractory NSCLC. 
The data were also collected from the ALTER0303 trial (74). 
Multivariate analysis revealed that a high posttherapeutic 
peripheral blood granulocyte/lymphocyte ratio and elevated 
alkaline phosphatase levels were independent risk factors 
for PFS. Elevated thyroid-stimulating hormone (TSH), blood 
glucose and triglyceride levels, hypertension and HFSR 
were considered independent favorable predictors of PFS. 
Furthermore, a high posttherapeutic peripheral blood granu-
locyte/lymphocyte ratio, an Eastern Cooperative Oncology 
Group score of ≥2 and the sum of the maximal target lesion 
length at baseline were independent risk factors for OS, 
whereas hypertriglyceridemia was an independent favorable 
predictor of OS.

Based on the results of the ALTER0303 trial, anlotinib was 
approved as a third-line treatment for patients with refractory 
advanced NSCLC after ≥2 lines of systemic chemotherapy in 
China.

Ongoing trials. There are numerous ongoing trials with anlo-
tinib for molecular targeted treatment in advanced NSCLC, 
STS, ESCC, gastric cancer, CRC, head and neck carcinoma, 
breast cancer and ovarian cancer. Selected ongoing trials with 
anlotinib are summarized in Table II. For example, a random-
ized, exploratory, open clinical Phase II trial has been designed 
to compare the efficacy and safety of anlotinib plus irinotecan 
vs. irinotecan in patients with ESCC (NCT03387904). Phase II 
and phase III trials investigating anlotinib in second- or 
further-line treatment for ovarian and gastric cancer are also 
actively recruiting (NCT03924882; NCT02461407).

4. Summary of AEs associated with anlotinib in the 
treatment of advanced cancers

The toxicities of anlotinib were acceptable or manageable in 
clinical trials and real-world clinical cases of patients with 
advanced cancers. During the phase I clinical trial of 21 patients 
treated with anlotinib (12 mg/day, 2/1 schedule) (34), hypo-
thyroidism, triglyceride elevation, total cholesterol elevation, 
alanine aminotransferase elevation, diarrhea and proteinuria 
were the most commonly observed nonhematologic AEs. The 
hematologic toxicities that patients experienced were mild. 
The most frequently observed serious AEs reported in >5% 
of patients were hypertension (10%), triglyceride elevation 
(10%), HFSR (5%) and lipase elevation (5%) (as presented in 
Fig. 2) (34).

Anlotinib also exhibited acceptable tolerability in a 
phase II clinical trial (37). Approximately 91.67% of patients 
in the anlotinib group experienced grade 1-4 AEs. The study 
indicated that the major AEs were hypertension (55.0%), 
elevated TSH (36.7%), HFSR (28.3%), elevated TG (26.7%), 
elevated total cholesterol (25.0%) and diarrhea (23.3%). The 
grade 3 or 4 AEs that occurred in 21.67% of patients included 
hypertension (10.0%), elevated TG (5.0%) and HFSR (3.3%). 
In the anlotinib group, 6 out of 60 patients (10%) had a dose 
reduction to 10 mg per day due to toxicity. The major reasons 
for dose reduction were hypertension, HFSR, elevated liver 
enzymes and stomatitis.

The data from a phase III trial further confirmed the toler-
ability of anlotinib in advanced NSCLC (65). Hypertension, 
fatigue, TSH elevation, anorexia, hypertriglyceridemia, HFSR 
and hypercholesterolemia were the most common AEs in the 
anlotinib group. Approximately 61.9% of patients experienced 
grade 3 or higher AEs, which included hypertension (13.6%), 
hyponatremia (8.2%) and elevated γ-glutamyltransferase 
(5.4%). The rates of grade 3 or higher AEs were 61.9 and 37.1% 
in the anlotinib and placebo arm, respectively. Approximately 
8.2% of the patients treated with anlotinib had a dose reduction 
from 12 to 10 mg/day, and 0.7% of the patients in the anlotinib 
group had a dose reduction from 12 to 8 mg/day. The dose 
adjustment was mainly because of HFSR and hypertension.

5. Management of drug‑associated AEs

General. Anlotinib has been proven to have promising efficacy 
in a range of advanced cancer types. However, it is also asso-
ciated with various AEs that may affect the QoL of patients 
and hinder patient compliance to treatment. Studies have 
indicated that the percentage of AEs (all grades) that occurred 
in anlotinib-treated patients was 87.70-100%, and grade 3 or 
higher AEs were reported in 21.67-61.90% of anlotinib-treated 
patients (34,37,38,62,65), and the percentages differed among 
the clinical trials. The most common AEs associated with 
anlotinib treatment included hypertension, HFSR, fatigue, 
diarrhea and anorexia. Therefore, the prevention and manage-
ment of AEs during treatment with anlotinib are important 
for optimizing therapeutic benefits and avoiding unnecessary 
dose modifications or discontinuations.

Hypertension. Hypertension is generally acknowledged 
as a common AE of angiogenesis inhibitors, particularly 
VEGFR-TKIs (75). Clinical data have indicated that 42-55% 
of patients receiving anlotinib for advanced cancers devel-
oped hypertension (any grade) and 4.80-13.60% of patients 
experienced grade 3 or higher hypertension (37,43,54,62,65).

First, blood pressure (BP) assessment is required for 
patients who are normotensive or hypertensive, and BP should 
be controlled before treatment is initiated (76,77). Frequent 
monitoring of BP during the first few months (weekly during 
the first cycle and subsequently every 2 to 3 weeks) is important 
for early intervention and the resolution of hypertension. The 
BP of patients who receive anti-hypertensive treatment should 
be measured twice daily. Monitoring BP may be accomplished 
at visits to the clinic or by self-monitoring at home.

Furthermore, patient education should be emphasized (78). 
Patients should learn which foods to eat and which to avoid. 
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Patients should also be encouraged to report any symptoms of 
headaches, shortness of breath or blushing to their health care 
team.

In addition, anti-hypertensive drugs (76,78), such as 
thiazide-type diuretics, angiotensin-converting enzyme 
inhibitors (ACEIs), angiotensin receptor blockers (ARBs), 
beta blockers and calcium channel blockers (CCBs), are all 
suitable choices for patients who develop hypertension during 
treatment. These drugs may be used alone or in combination, 
but the combination of ACEIs and ARBs is not recommended. 
Anlotinib is metabolized by cytochrome P450 family 3 
subfamily A member 4 (CYP3A4). Diltiazem and verapamil 
are liver enzyme CYP3A4 inhibitors that should be avoided to 
be used together with anlotinib owing to potential drug inter-
actions. In addition, nifedipine was reported to increase VEGF 
secretion; thus, the use of the dihydropyridine CCB nifedipine 
should also be avoided (79). Thiazide diuretics should be used 
carefully due to the risk of diarrhea. The choice of pharma-
cologic therapy is mainly dependent on the patient's medical 
history and clinical status. The BP may normalize upon the 
withdrawal of therapy and anti-hypertensive medication will 
accordingly need to be adjusted or discontinued.

HFSR. HFSR, also known as palmar-plantar erythrodyses-
thesia or hand-foot syndrome, is a common AE caused by 
certain chemotherapies or targeted therapies that may lead 
to physical and psychosocial discomfort (80). HFSR of any 
grade occurred in 28.33-79.31% of patients treated with 
anlotinib and grade 3 or higher was reported in 3.30-8.62% 
of patients (34,37,43,54,62). HFSR manifests with erythema, 
dysesthesia, pain, cracking and desquamation in pressure and 

flexure areas, such as the palms of hands or soles of feet (81). 
In most cases, HFSR is reversible. However, it is associated 
with a decrease in QoL and leads to undesirable results during 
treatment. Various measures may be taken to prevent and 
reduce the risk of anlotinib-induced HFSR (76-78,81,82).

First, patient education, early recognition and regular follow-up 
in the first few months have vital roles in the management 
of HFSR. Furthermore, preventive measures should be 
taken prior to treatment. Patients should be advised to avoid 
mechanical stress and to wear thick cotton socks, gloves and 
comfortable shoes to protect their hands and feet. Skin care 
should be emphasized and urea-containing emollients are 
recommended. Cold or hot stimuli should be prevented and 
patients should ensure that their hands are dried after washing.

Furthermore, once HFSR develops, the above preventive 
measures should be continued. For patients with grade 1 
HFSR, emollients containing 20-40% urea should be used and 
regular follow-up (every two weeks) should be performed. For 
patients with grade 2 or 3 HFSR, topical treatments (cortisone 
or 0.05% clobetasol), oral analgesia and antibiotics may 
relieve or cure this AE. If the above methods are ineffective, 
dose modification and/or discontinuation may be considered to 
bring HFSR to grade ≤1. If the severity decreases to grade ≤1, 
the full dose may be resumed. If this results in the worsening 
of HFSR, dose reduction or interruption may be adopted in the 
subsequent treatment.

Fatigue. Fatigue of any grade was reported in 31.67-41.38% 
of patients receiving anlotinib and grade 3 or higher fatigue 
occurred in 0-1.67% of patients (34,37,43,54).

Figure 2. Adverse events in patients who received 12 mg/day anlotinib on the 2-week-on/1-week-off schedule. ALT, alanine aminotransferase; AST, aspartate 
transaminase.
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Patient education on early recognition and reporting is 
essential for fatigue management. Fatigue may result from 
drug-associated side effects or cancer progression. Other 
potential contributors to fatigue, such as emotional distress, 
depression, anxiety, poor sleep patterns, pain, anemia and 
endocrine disorders, should be evaluated and treated as 
required (76-78,82). In addition, control of other AEs, including 
diarrhea, vomiting, nausea and weight loss, may also reduce 
fatigue. Patients are recommended to maintain proper hydra-
tion, have nutritious diets and incorporate a resting period into 
their daily schedule. Evidence suggests that home-based exer-
cise is able to improve fatigue in patients with advanced lung 
cancer and CRC (83). Dose reduction should be performed 
only for patients with grade 3 or higher fatigue. Once fatigue 
is resolved, the full dose should be resumed immediately.

Diarrhea. Diarrhea is one of the most common side effects 
reported in TKI treatment and may lead to dose reduction or 
discontinuation during treatment. TKIs with broader target 
profiles have been reported to possibly be associated with a 
higher rate of diarrhea than agents that are highly specific 
for certain targets (84). The underlying mechanism of 
TKI-associated diarrhea has remained to be fully elucidated. 
Intestinal inflammation, mucosal injury and ion transport 
disorder may have roles in the development of diarrhea (85,86). 
Diarrhea of any grade occurred in 23.33-34.48% of patients 
treated with anlotinib and grade 3 or higher diarrhea occurred 
in 1.10% of patients (34,37,54,62).

Early recognition and reporting may help avoid severe 
diarrhea. When diarrhea develops, dietary adjustment is 
required (77,82). Patients are encouraged to avoid certain 
foods, including caffeine, alcohol, lactose-containing prod-
ucts, as well as insoluble and high‑fiber foods. Fluid intake 
should be increased to avoid dehydration. If diarrhea persists 
after dietary management, patients are advised to receive 
pharmacological intervention. Anti-diarrheal agents, such as 
loperamide and diphenoxylate/atropine, may be taken into 
consideration (77,84). For patients who are unresponsive 
to medication therapy or for those with severe diarrhea, 
anlotinib dose modification or interruption may be considered; 
once diarrhea is resolved, the full dose should be resumed 
immediately.

Anorexia. Anorexia of any grade was experienced by 
13.33-34.48% of patients treated with anlotinib, while grade 3 
or higher anorexia seldomly occurred (37,54,62). In numerous 
patients, the development of anorexia may be drug-related or 
due to extreme anxiety or depression. For dietary manage-
ment, a nutritious and high-calorie diet is recommended, such 
as protein drinks, eggs, meat and dairy products. Appetite 
stimulants, such as dronabinol or megestrol acetate, may 
also be employed (77). In addition, instead of attempting to 
consume three large meals, patients are encouraged to have 
multiple small meals. Gentle exercise, such as walking, 
swimming or riding a bicycle, may also boost the appetite. 
Furthermore, the management of other treatment-related AEs, 
such as nausea and vomiting, may reduce anorexia. Patients 
with cancer are prone to developing anxiety or depression, so 
appropriate social activities are required. A dose reduction 
should only be considered in severe cases.

6. Future directions

Anlotinib has a dual role, exhibiting both anti-tumor and 
anti-angiogenic activities. Furthermore, it is a promising thera-
peutic option for additional types of solid cancer. However, 
there are still several problems to be addressed.

First, the identification of predictive biomarkers is particu-
larly important for the selection of optimal candidates for 
targeted therapy, which also applies to anlotinib. Lu et al (87) 
found that the serum levels of kallikrein related peptidase 5 and 
L1 cell adhesion molecule were negatively correlated with the 
response of NSCLC to anlotinib administered as a third-line 
treatment. A study on biomarkers for anlotinib in NSCLC indi-
cated that CD31-labeled activated circulating endothelial cells 
(aCECs) were a sensitive marker for predicting the treatment 
efficacy of anlotinib. Patients who received anlotinib treat-
ment were stratified according to the ratio of minimum aCECs 
counts at each time points to baseline (aCECs min/baseline) as 
<1 or >1. The results revealed that patients with CD31-labeled 
aCECs min/baseline <1 had prolonged PFS (88). The same 
study group established a prediction model of the tumor muta-
tion index (TMI) by integrating three predictors, namely the 
germline and somatic mutation burden, the nonsynonymous 
and synonymous mutation burden and an unfavorable mutation 
score of cell‑free DNA and circulating tumor DNA profiles. 
The researchers demonstrated that patients with low TMI 
scores who lacked the isocitrate dehydrogenase [NADP(+)] 
1exon4 mutation had relatively good treatment responses (89,90). 
Chen et al (91) performed a retrospective study that revealed 
that tumor cavitation was an independent factor associated 
with improved PFS. Anlotinib caused hand-foot syndrome, 
hypertension and prolonged QT intervals, all of which are 
considered good predictors of PFS (74). However, most of 
the current potential biomarkers were identified from the 
ALTER0303 study, which had a limited study population. 
There is no definitive biomarker for monitoring the treat-
ment response of anlotinib in patients with cancer as of yet. 
Thus, additional studies are still needed to identify validated 
biomarkers to predict individualized therapeutic responses.

Furthermore, current clinical studies of anlotinib in MTC, 
RCC, ESCC, gastric cancer and ovarian cancer have been 
completed or are ongoing. The tumor site and histology may 
influence the efficacy of anlotinib and further studies are 
required to confirm the optimal regimen for different cancer 
types (37,43,65,74).

In addition, considering the limited benefit that patients may 
gain from anlotinib monotherapy treatments, various clinical trials 
are evaluating the combination of anlotinib and chemotherapy. 
For instance, several ongoing studies are investigating i) the effi-
cacy and safety of anlotinib combined with docetaxel/pemetrexed 
and S-1 as a second-line treatment for subjects with advanced 
NSCLC (NCT03589950); ii) the efficacy and safety of anlo-
tinib plus docetaxel as a second-line treatment for patients with 
wild-type advanced non-squamous NSCLC (NCT03750916); 
and iii) the efficacy and safety of anlotinib plus irinotecan as a 
second-line treatment for advanced ESCC (NCT03387904). 
Our research group plans to evaluate the efficacy and safety of 
anlotinib plus concurrent chemoradiotherapy as a second-line 
treatment for advanced ESCC. Certain studies have focused on 
the combination of immunotherapy and anti-angiogenic agents for 
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the treatment of advanced NSCLC. Increasing evidence suggests 
that angiogenesis may be associated with immunosuppression 
in the tumor microenvironment, thereby mediating tumor evasion 
of immune system surveillance (92). Immunotherapy may be 
anti-angiogenic and anti-angiogenic agents may also stimulate 
the immune system. The combination of these two therapies may 
enhance both of these anti-tumor effects (93). The combined 
regimen with immunotherapy and anti-angiogenic agents, 
such as nivolumab plus bevacizumab, demonstrated tolerable 
treatment-associated toxicity and encouraging therapeutic effects 
in preliminary investigations (94). By contrast, the combination of 
several EGFR‑TKIs, such as erlotinib, gefitinib and osimertinib, 
with immunotherapy was associated with relatively high inci-
dence rates of toxicities (95). Therefore, this combined therapy 
is still under investigation. Thus far, there has been no report on 
the combination of anlotinib and immunotherapy. Finally, the 
feasibility of oral administration and relative safety of anlotinib 
indicate that it may serve as a maintenance therapy after first‑line 
treatment, but this still requires to be explored in future clinical 
trials.

Drug resistance remains a major problem in the late stage 
of targeted therapy, which also applies to anlotinib. Despite 
the continuous efforts researchers have made in recent years 
to overcome this, few approaches have been discovered. The 
use of several miRs and supplementation with exogenous 
CXCL2 was reported to potentially circumvent anlotinib 
resistance (31,33). Further efforts are anticipated to solve the 
drug resistance issue.

Finally, anlotinib resulted in prolonged PFS and OS in 
EGFR-mutant and wild-type patients, but there is a lack of data 
on the activity of anlotinib within two important clinically 
relevant molecular subgroups, the EGFR-mutant/ALK-positive 
and EGFR-wild-type/ALK-negative groups. In the future, 
more in-depth research is required in this area.

7. Conclusion

In the present study, preclinical and clinical trials of anlotinib 
were reviewed with a focus on safety evaluation and AE 
management. Anlotinib received its first approval as a third‑line 
treatment for refractory advanced NSCLC in May 2018 and its 
second approval as a second-line treatment for advanced STS 
in June 2019 in China. As a second- or third-line therapy, anlo-
tinib has demonstrated encouraging efficacy and a manageable 
and tolerable safety profile in a broad range of malignancies. 
The majority of anlotinib-associated AEs may be managed 
with patient education, prophylactic measures, dose modifica-
tion and medical intervention. However, anlotinib should not be 
applied to patients with central squamous cell lung carcinoma, 
those at high risk of hemoptysis, those with severe hepatorenal 
insufficiency and those who are pregnant and lactating.
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