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Background: The aim of this study was to investigate the efficacy and safety of anlotinib for

patients with advanced non-small cell lung cancer (NSCLC) who progressed after standard

regimens in real world situations and the preliminary analysis of an efficacy predictor.

Methods: A total of 118 patients with advanced NSCLC who progressed after standard

regimens were included in this retrospective study. Efficacy was evaluated and toxicity

profile was recorded. Progression-free survival (PFS) and overall survival (OS) were

assessed using Kaplan–Meier survival curve and multivariate analysis was adjusted using

Cox regression analysis.

Results: All of the 118 patients with NSCLC were available for evaluation of efficacy.

Complete response (CR, 0 case), partial response (PR, 10 cases), stable disease (SD, 79

cases) and progressive disease (PD, 29 cases) were evaluated according to RECIST version

1.1. In consequence, objective response rate (ORR) was 8.47% and disease control rate

(DCR) was 75.42%. The median PFS of the 118 patients with NSCLC was 4.3 months and

the median OS was 10.3 months. The results of Cox regression analysis suggested that

ECOG score was an independent factor for PFS. The toxicity profile indicated that hyperten-

sion and hand-foot syndrome were the most common adverse reactions. Additionally, the

preliminary analysis of an efficacy predictor suggested that the PFS of patients with

hypertension was superior to those without hypertension.

Conclusion: Anlotinib is effective and safe for patients with advanced NSCLC who

progressed after standard regimens in real world situations. Hypertension may be

a biomarker for efficacy prediction.
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Introduction
Lung cancer is the most common malignancy and the leading cause of cancer-related

deaths worldwide, which accounts for approximately 2.1 million new cases and

1.77 million new deaths around the world annually.1 Currently, there are approximately

0.733 million new cases and 0.61 million new deaths in the People's Republic of China

each year.2 Non-small cell lung cancer (NSCLC) accounts for 80~85% of lung cancer

cases.3 Recent years have witnessed great progress in the treatment for advanced

NSCLC with regard to molecular and targeted therapy, which rendered advanced

NSCLC the most successful cancer in precision medicine.4 Targeted drugs were
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developed in EGFR, ALK, ROS1, BRAF and provided sig-

nificant survival benefits for the patients.5 However, approxi-

mately 50% of patients with NSCLC in the People's Republic

of China did not have a driver gene mutation with clinical

significance and could only receive platinum-containing dou-

ble drug chemotherapy regimen as the first-line treatment.6

The efficacy of chemotherapy was limited with an objective

response rate (ORR) of 20%~30% and the median progres-

sion-free survival (PFS) of 4~5 months.7 When the patients

progressed after first-line therapy, docetaxel, pemetrexed,

gemcitabine and immunotherapy was available as second-

line treatment.8 However, the advantages of

traditional second-line single-agent chemotherapy were dis-

mal. Fortunately, immune checkpoint inhibitor (ICI) had

shown remarkable benefit in the treatment of patients with

NSCLC and emerged as an effective treatment option as first-

and second-line therapy. The anti-PD-1 agent pembrolizu-

mab is approval for use as first- and second-line treatment.

Nivolumab and atezolizumab were both indicated for use

as second-line therapy regardless of PD-L1 expression.9

However, the first ICI drug nivolumab was licensed in main-

land People's Republic of China in June 2018 with a high

price after anlotinib was approved. In consequence, the

application of ICIs as further-line treatment of patients with

NSCLC was relatively limited. Therefore, patients with

NSCLC were in need of effective drugs urgently when pro-

gressing after standard regimens.

Angiogenesis plays an important role in proliferation and

metastasis of tumor.10 Antiangiogenic drugs have demon-

strated potential anticancer activity in the treatment of

advanced NSCLC recently. Bevacizumab was the first anti-

angiogenic humanized monoclonal antibody with the preven-

tion for the bonding of the VEGF ligand-receptor. It was

proved to significantly improve PFS and OS as first-line treat-

ment for patients with NSCLC in ECOG4599 and Beyond

clinical trials.11,12 Furthermore, ramucirumab showed addi-

tional survival benefits for patients with NSCLC as second-

line treatment in the REVEL clinical trial.13

Regarding the anti-angiogenesis small molecule tyrosine

kinase inhibitor (TKI), sorafenib, sunitinib, pazopanib and

fruquintinib were proved to prolong PFS for patients with

NSCLC in third-line therapy.14,15 Fortunately, anlotinib pro-

longed PFS and OS in a phase III clinical trial for patients

with advanced NSCLC as a novel oral multi-target TKI with

the inhibition of VEGFR1~3, FGFR1~4, PDGFRα~β, c-Kit

and Ret.16,17 In consequence, anlotinib was licensed as the

standard third-line regimen for patients with advanced

NSCLC by the China State Food and Drug Administration

(cFDA) in 2018.

To the best of our knowledge, the ORR in the clinical

application of anti-angiogenic drugs was generally low. In

the treatment of advanced NSCLC, the ORR of sorafenib,

anlotinib, fruquintinib and apatinib monotherapy were

4.9%, 9.2%, 16.4% and 4.0%, respectively.18 Therefore,

it seemed that there was great individual difference regard-

ing the efficacy of anti-angiogenic drugs clinically.

Consequently, the investigation of biomarkers for patients

who received vascular targeted drugs was a research hot-

spot in the field of anti-angiogenesis therapy.19

Therefore, the aim of the present study was to investi-

gate the efficacy and safety of anlotinib for patients with

advanced NSCLC who progressed after standard regimens

in real world situations and the preliminary analysis of an

efficacy predictor.

Patients and Methods
Study Design
This study was a retrospective analysis. Patients with

advanced NSCLC who progressed after standard therapy in

the Department of Respiratory and Critical Care Medicine of

the Shanxi Bethune Hospital from June 2018 to

December 2019 were included in this study. The eligibility

criteria included: 1) diagnosis of NSCLC with pathological

stage IIIb or IV; 2) age ≥18 years; 3) an Eastern Cooperative
Oncology Group (ECOG) performance status of 0~2; 4)

anlotinib was administered for patients who progressed

after standard regimens; and 5) at least a measurable target

lesion. The exclusion criteria included: 1) brain metastasis

symptoms or controlled symptoms for <2 months; 2) con-

comitant with another cancer or serious disease; 3) hemop-

tysis >50 mL/day; 4) efficacy evaluation or follow-up data of

the patients was not available. The flow chart of this retro-

spective study is illustrated in Figure 1. Finally, a total of 118

patients with advanced NSCLC was enrolled. The present

study was approved by the ethics committee of the Shanxi

Bethune Hospital. Informed consent was signed by each

enrolled patient in accordance with the recommendations of

the Declaration of Helsinki.

Administration of Anlotinib
Anlotinib was orally administered at an initial dosage of

12 mg per day, half an hour after meals with warm water for

14 days and discontinued for 7 days, repeated every 21

days. Patients continued anlotinib until disease progression
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or intolerable as a result of adverse reactions. Additionally,

10 mg and 8 mg were alternative dosages for the adjustment

of anlotinib according to the toxicity during the treatment.

And the treatment was discontinued following the occur-

rence of a potentially life-threatening toxic reaction.

Evaluation of Efficacy and Safety and the

Protocol of Follow-Up
The efficacy of treatment with anlotinib was assessed

according to RECIST 1.1 criteria.20 The change in target

lesions was evaluated using computed tomography (CT)

scans every two cycles or depending on the actual situa-

tions when clinical symptoms of the patients were getting

worse. Adverse reactions during treatment were evaluated

using Common Terminology Criteria for Adverse Events

(CTCAE) 4.03 to record toxicity profile that might be

drug-related.21 From the objective view, the adverse reac-

tions with the incidence >5% were documented and ana-

lyzed. Hypertension was mainly performed and included

in the preliminary analysis of efficacy predictor. The

hypertension included in the analysis of efficacy predictor

was the acquired hypertension resulting from the treatment

of anlotinib.

The initial follow-up was performed in the hospital

where baseline characteristics and adverse reactions and

the date of disease progression could be obtained using the

electronic medical record system clearly. The subsequent

follow-up was performed by telephone. Patients were fol-

lowed up every 3 months and status of death was mainly

inquired. When a patient had progressed or died, it had to

be confirmed by at least two research colleagues before it

could be confirmed as an event of progression or death.

Statistical Analysis
All of the variables in this study were statistically processed

using SPSS version 25.0 (IBM Corporation, Armonk, NY,

USA). The significance of observed differences in proportion

variables and continuous variables according to hypertension

status was tested using the chi-square test and the Mann–

Whitney U nonparametric test, respectively. The primary

analysis was performed on PFS. Kaplan–Meier survival

curves were created using Stata 14.0. Survival differences

in PFS and OS according to the hypertension status of the

Figure 1 The flow chart of the retrospective study of anlotinib for patients with advanced NSCLC who progressed after standard regimens.
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patients were compared using Log rank test. PFSwas defined

as the period from the time of treatment with anlotinib to

disease progression or death of the patient from any cause,

whichever occurred first. OS was defined as the period from

the time of treatment with anlotinib to patients’ death from

any cause. For those without disease progression or death by

the end of the study follow-up, survival end points were

censored at the date of last follow-up.22 Cox regression

analysis was constructed for PFS for multivariable analysis

and the backward-selection procedure was used to adjust for

potential confounding covariates. Statistical significance was

accepted when P<0.05.

Results
Baseline Characteristics
The baseline characteristics of the 118 patients with NSCLC

is shown in Table 1. The median age of the patients was 61

years (range: 22~77 years). A total of 77 patients were male

(65.25%). Pathological stage IVwas observed in 111 patients

(94.07%). ECOG 0 score was noted in 25 patients (21.19%).

A total of 82 patients were Nonsmoker/former smokers

(69.49%). The most common histology was adenocarcinoma

(85 cases, 72.03%). Number of metastases sites of ≤3 and >3
were 73 and 45 cases, respectively. Positive driver gene

mutation was noted in 44 patients (37.29%). History of

previous treatment of second line and further line was

observed in 38 and 80 cases, respectively. A total of 73

patients (61.86%) had received targeted drug therapy pre-

viously. And 8 patients (6.78%) previously received the

treatment of anti-vascular TKI.

Efficacy of the 118 Patients with

Advanced NSCLC Who Received

Anlotinib Therapy
All of the 118 patients were available for efficacy evalua-

tion. The best overall response among the 118 patients was

recorded during anlotinib treatment. Complete response

(CR, 0 case), partial response (PR, 10 cases), stable disease

(SD, 79 cases) and progressive disease (PD, 29 cases) were

assessed according to RECIST version 1.1. Therefore, the

ORR was 8.47%, disease control rate (DCR) was 75.42%.

The waterfall plot of the best percentage change in target

lesion is shown in Figure 2.

The data cutoff date was February 2020. The median

follow-up of all patients from the time of enrollment to the

last follow-up was 10.1 months (follow-up range: 1~19

months). As shown in Figure 3, the median PFS of the 118

patients with NSCLC was 4.3 months (Lower confidence

interval [LCI]~Upper confidence interval [UCI]: 3.68~4.92).

Additionally, the PFS according to different baseline

characteristic subgroups were analyzed. As shown in

Figure 4, the results of univariate analysis suggested that

ECOG score was significantly associated with PFS. The

median PFS of the patients with ECOG 0 score was longer

than those with ECOG 1~2 score (5.60 vs 3.70, P=0.015).

Also, patients with the number of metastases sites >3

demonstrated a trend for worse PFS, even though the

difference was not statistically significant (P=0.075).

Furthermore, given that the follow-up period was long

enough, OS was also assessed in this study. The median

OS of the 118 patients with NSCLC was 10.3 months

(LCI~UCI: 8.62~11.98).

Safety Profile of 118 Patients with

NSCLC Who Received Anlotinib

Treatment
To the best of our knowledge, adverse reaction was an

important aspect to evaluate the clinical application of anlo-

tinib at an initial dosage of 12 mg. No grade 5 adverse

reactions were observed in this study. As shown in Table 2,

the common drug-related adverse reactions with an incidence

>5% during anlotinib monotherapy were hypertension, hand-

foot syndrome, fatigue, anorexia symptoms, hypertriglycer-

idemia, oral mucositis, diarrhea, proteinuria, weight loss, and

hoarseness. And the incidence was 33.05%, 29.66%,

23.73%, 22.04%, 18.64%, 13.56%, 10.17%, 7.63%, 5.93%,

and 5.08%, respectively. Most of the adverse reactions were

moderate of grade 1~2. The grade ≥3 adverse reactions were
hypertension (7.63%), hand-foot syndrome (5.93%), fatigue

(2.54%), hypertriglyceridemia (0.85%), oral mucositis

(0.85%) and diarrhea (0.85%), respectively. Interestingly,

patients with hemoptysis was observed in 2 cases (1.69%).

Preliminary Analysis of an Efficacy

Predictor
The preliminary analysis of an efficacy predictor was

mainly focused on hypertension. As shown in Table 2,

a total of 39 patients experienced hypertension during

anlotinib treatment. In consequence, the PFS of the patients

with NSCLC according to hypertension status was ana-

lyzed. The baseline characteristics of the 118 patients with

NSCLC according to hypertension status were well

balanced. The PFS of 118 patients with NSCLC according

to hypertension status is illustrated in Figure 5, the median
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PFS of patients with hypertension was longer than that of

patients with non-hypertension (5.0 vs 3.3 months, χ2=5.13,

P=0.02). Furthermore, Cox regression analysis was con-

structed including the baseline characteristics which were

significant in the univariate analysis to adjust for the con-

founding factors. Results of multivariate analysis are shown

in Table 3, a statistically significant difference was observed

for the influence of hypertension status on PFS after the

multivariate adjustment, which suggested that hypertension

status was an independent factor for PFS (hazard ratio [HR]

=1.51, P=0.031). Additionally, ECOG score was also an

independent factor for PFS (HR=1.65, P=0.018).

Discussion
This retrospective study provided real-world evidence

regarding the efficacy and safety of anlotinib for patients

Table 1 Baseline Characteristics of the 118 Patients with NSCLC According to Hypertension Status of the Patients

Characteristics Total Patients (N=118, %) Hypertension Status P

Hypertension (=39) Non-Hypertension (n=79)

Age

Median (range) 61 (22~77) 63 (25~71) 61 (22~77) 0.513

Gender

Male 77 (65.25) 26 (66.67) 51 (64.56) 0.821

Female 41 (34.75) 13 (33.33) 28 (35.44)

Pathological stage

IIIb 7 (5.93) 3 (7.69) 4 (5.06) 0.570

IV 111 (94.07) 36 (92.31) 75 (94.94)

ECOG score

0 25 (21.19) 9 (23.08) 16 (20.25) 0.724

1~2 93 (78.81) 30 (76.92) 63 (79.75)

Smoking status

Nonsmoker/former smoker 82 (69.49) 27 (69.23) 55 (69.62) 0.966

Smoker 36 (30.51) 12 (30.77) 24 (30.38)

Histology

Adenocarcinoma 85 (72.03) 27 (69.23) 58 (73.42) 0.820

Squamous cell carcinoma 26 (22.03) 9 (23.08) 17 (21.52)

Other type 7 (5.94) 3 (7.69) 4 (5.06)

Number of metastases sites

≤3 73 (61.86) 25 (64.10) 48 (60.76) 0.725

>3 45 (38.14) 14 (35.90) 31 (39.24)

Driver gene mutation statusa

Positive 44 (37.29) 15 (38.46) 29 (36.71) 0.853

Negative 74 (62.71) 24 (61.54) 50 (63.29)

History of previous treatment

Second line 38 (32.20) 13 (33.33) 25 (31.65) 0.854

Further line 80 (67.80) 26 (66.67) 54 (68.35)

History of targeted drug therapy

Yes 73 (61.86) 25 (64.10) 48 (60.76) 0.725

No 45 (38.14) 14 (35.90) 31 (39.24)

History of anti-vascular TKI therapy

Yes 8 (6.78) 3 (7.69) 5 (6.33) 0.782

No 110 (93.22) 36 (92.31) 74 (93.67)

Note: aThe driver genes were EGFR or ALK or ROS1.
Abbreviations: NSCLC, non-small cell lung cancer; ECOG, Eastern Cooperative Oncology Group; TKI, tyrosine kinase inhibitor.
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with advanced NSCLC who progressed after standard

regimens. The preliminary analysis of an efficacy predictor

indicated that hypertension predicted superior prognosis.

Anlotinib was effective and safe in patients with advanced

NSCLC who progressed after standard regimens.

Recent years have witnessed great progress in the treat-

ment for advanced NSCLC regarding first-line and second-

line of molecular and targeted therapy, which gives more

opportunities for patients to receive third-line and further-

line treatment.23 As a multi-target tyrosine kinase inhibitor,

anlotinib suppressed tumor angiogenesis via inhibition of

VEGFR, PDGFR and FGFR.24 Besides, tumor cell prolifera-

tion was inhibited by anlotinib through the target of c-Kit,

Ret and c-FMS. And these were newly identified kinase

targets involving tumor progression.25 Consequently, anloti-

nib demonstrated promising anticancer activity and safety in

NSCLC,17 SCLC,26 soft tissue sarcoma,22 renal carcinoma,27

and esophageal squamous cell carcinoma.28

With regard to the clinical outcomes of the patients with

advanced NSCLC included in our study, the ORRwas 8.47%

and DCR was 75.42%. And the median PFS was 4.3 months.

The efficacy of anlotinib in our study was slightly lower and

worse than that of the phase III clinical trial of anlotinib for

advanced NSCLC initiated by Han et al17 in ALTER0303

study (ORR=9.2%, DCR=81.0%, mPFS=5.4 months of

anlotinib group). We hypothesized that the reason might be

Figure 2 The waterfall plot of best change (reductions in sum of target lesion diameters) from baseline in the 118 patients with NSCLC who received anlotinib treatment.

Figure 3 The progression-free survival and overall survival of the 118 patients with NSCLC who received anlotinib treatment.
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attributed to the retrospective design of our study, the man-

agement of the patients was not sufficient and normative

compared with the phase III clinical trial, as shown in the

other previous retrospective study.29 On the other hand,

patients with ECOG score 2 were also included in our

study. To the best of our knowledge, the influence of

ECOG score on the prognosis of patients was confirmed in

numerous studies. And the conclusion indicated that the

higher the score, the worse the prognosis.30 Additionally,

the results of Cox regression analysis in our study suggested

that patients with 1~2 ECOG score were associated with

worse PFS. And the result was in concert with that of

a previous study.31 Interestingly, a retrospective analysis

initiated by Wu et al32 included 81 patients with advanced

NSCLC who received anlotinib treatment. The ORR, DCR

and median PFS in their study was 7%, 84% and 5 months,

respectively. And the results were consistent with that of our

study. Furthermore, another retrospective analysis of anloti-

nib in the treatment for advanced lung cancer initiated by

Shao et al33 included 58 patients with advanced lung cancer.

Figure 4 The forest plot of median progression-free survival of the 118 patients with NSCLC who received anlotinib treatment according to different baseline

characteristics subgroups.
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The median PFS was similar with that of our study.

Unfortunately, both of these two retrospective studies failed

to assess the OS owing to the relatively insufficient period of

follow-up. Given that the period of follow-up in our study

was long, OS was carried out eventually. Amazingly, the

median OS of the 118 patients who received anlotinib ther-

apy was 10.3 months, which was slightly longer than that

reported in ALTER0303 study (median OS=9.6 months). We

speculated that the reason might be attributed to the contin-

ued approval of immunotherapy drugs and targeted drugs in

the People's Republic of China since the license of anlotinib

in 2018. Patients with advanced NSCLC had sufficient

opportunity to use immunotherapy and targeted drugs in the

subsequent-line treatment, which were proved to be effective

and offered survival benefit to the patients.34

With regard to safety profile, our study indicated that

hypertension was the most common adverse reaction, which

is consistent with the results of the previous studies in patients

with NSCLC and other tumors who received anlotinib

treatment.35 The other adverse reactions were hand-foot syn-

drome, fatigue, anorexia symptoms, hypertriglyceridemia,

oral mucositis, diarrhea, proteinuria, weight loss, and hoarse-

ness. And these were the common adverse reactions found in

the ALTER0303 trial. No new adverse events were observed

and the results were consistent with the previous retrospective

studies.32 Interestingly, the incidence of the adverse reactions

in the retrospective studies were lower than that in the

ALTER0303 trial. We speculated that the difference might

be attributed to the retrospective design. The adverse reactions

of retrospective studies were documented poorly and insuffi-

ciently compared to the phase III clinical trial, which was in

line with the other retrospective study.36

To our knowledge, our study was the first report

regarding the association between prognosis and adverse

reaction of anlotinib. The preliminary analysis of an effi-

cacy predictor in our study suggested that hypertension

could be used as a biomarker to predict the efficacy, which

was consistent with the results of the previous study of

apatinib.31,37 Additionally, a retrospective analysis regard-

ing the relationship between hypertension and clinical out-

comes among patients with advanced NSCLC who were

Table 2 The Safety Profile of the 118 Patients with NSCLC Who

Received Anlotinib Monotherapy

Adverse Reactions CTCAE Grade

Grade 1~2 Grade ≥3

Hypertension 30 (25.42) 9 (7.63)

Hand-foot syndrome 28 (23.73) 7 (5.93)

Fatigue 25 (21.19) 3 (2.54)

Anorexia symptoms 26 (22.04) 0 (0.00)

Hypertriglyceridemia 21 (17.80) 1 (0.85)

Oral mucositis 15 (12.71) 1 (0.85)

Diarrhea 11 (9.32) 1 (0.85)

Proteinuria 9 (7.63) 0 (0.00)

Weight loss 7 (5.93) 0 (0.00)

Hoarseness 6 (5.08) 0 (0.00)

Figure 5 The progression-free survival of the 118 patients with NSCLC who received anlotinib treatment according to hypertension status.
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treated with bevacizumab demonstrated a similar result.38

Hypertension is a common adverse reaction which is asso-

ciated with treatment of angiogenesis inhibitors that target

the VEGF/VEGFR pathway. However, the mechanisms

have not been thoroughly elucidated. Several studies

found that inhibition of VEGFR in vascular endothelial

cells decreased the production of nitric oxide and prosta-

cyclins, thus contributing to increased blood pressure.39

Therefore, hypertension induced by angiogenesis inhibi-

tors could partly reflect the inherent host biology which

resulted in the difference in VEGF/VEGFR blockade and

served as a biomarker for the efficacy of anlotinib.

Furthermore, the conclusion that patients with hyperten-

sion conferred a superior PFS should be validated in large-

scale prospective trials. Additionally, medical control

should be used to control hypertension rather than inter-

ruption of anlotinib. However, this approach should be

differentiated and the prompt discontinuation of anlotinib

administration was necessary when life-threatening

adverse reactions occurred.

From the objective view, a number of limitations

existed in our study. Firstly, the sample size was small as

a real-world study. Efficacy of anlotinib in patients with

NSCLC and the prognostic significance of hypertension

needed to be validated in clinical trials. Secondly, our

study was designed as a retrospective analysis and some

bias might have been unavoidable. However, the prognosis

significance of the hypertension was fully evaluated and

interpreted. We thought our study was of clinical signifi-

cance for the evaluation of prognosis in patients with

advanced NSCLC who were treated with anlotinib.

Conclusion
This retrospective study provides real-world evidence

regarding the efficacy and safety of anlotinib for patients

with advanced NSCLC who progressed after standard regi-

mens. Hypertension may be a biomarker for efficacy predic-

tion. Medical control should be used to control hypertension

rather than interruption of anlotinib. However, this approach

should be differentiated and the prompt discontinuation of

anlotinib administration was necessary when life-threatening

adverse reactions occurred.
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