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Purpose: Anlotinib is a newly developed oral multitarget tyrosine kinase inhibitor. We

retrospectively evaluated the toxicity and clinical efficacy of chemotherapy combined with

anlotinib versus chemotherapy alone for metastatic/advanced non-small cell lung cancer

(NSCLC) in patients who failed first- or second-line systemic treatment in China.

Patients and Methods: In this retrospective trial, ninety-four advanced NSCLC patients

received chemotherapy combined with anlotinib (n = 41) or chemotherapy alone (n = 53) in

Henan Cancer Hospital. We recorded the objective response rate (ORR), disease control rate

(DCR), progression-free survival (PFS) and adverse events (AEs).

Results: In the anlotinib plus chemotherapy group, eleven patients (27%) achieved a PR

(partial response), and twenty-one patients (51%) achieved SD (stable disease), with an ORR

of 27% and a DCR of 78%. In the chemotherapy alone group, eight patients (15%) achieved

a PR, and nineteen patients (36%) had SD, with an ORR of 15% and a DCR of 51%. The

ORR in the combination arm was slightly, but not obviously, higher than that in the

chemotherapy arm (27% vs 15%, p > 0.05). In addition, the DCR was significantly higher

in the combination arm than in the chemotherapy alone arm (78% vs 51%, p=0.007). At the

end of follow-up, patients in the combination arm had a 1.5-month longer median PFS than

patients in the chemotherapy arm; this difference was statistically significant (5.0 vs 3.5,

p=0.002). The median OS was not achieved at the final analysis. The hematological and

nonhematological toxicities were well tolerated and controlled. In general, most toxicity was

limited to grade I or II, well tolerated and controlled.

Conclusion: Our study suggests that anlotinib combined with chemotherapy may be an

effective and well-tolerated treatment for advanced NSCLC in patients who fail first-

or second-line therapy.
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Introduction
Carcinoma of the lungs is the leading cause of cancer-related death worldwide.1,2

NSCLC accounts for approximately 80% of lung carcinomas. Most NSCLC

patients are diagnosed in the middle and advanced stages, and their prognosis is

very poor.3 Although there have been significant advances in immunotherapy and

targeted drugs over the past decade, most patients do not have targeted drug-related

mutations, and immune checkpoint inhibitors (ICIs), including nivolumab, pem-

brolizumab, and atezolizumab, are expensive and not covered by medical insurance.
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Metastatic NSCLC patients without driver genes after

standard treatment and patients who fail targeted drug

therapy still have a very poor prognosis.4–6 New antic-

ancer drugs with improved efficacy and safety are urgently

needed, especially for patients who fail second-line treat-

ment and have a good performance status.7,8

Tumor growth and metastasis require the sustained sup-

port of blood vessels to provide oxygen and nutrients and to

expel metabolic waste. Many preclinical trials have sug-

gested that antiangiogenic drugs can reduce the generation

of new blood vessels in tumors and promote the normal-

ization of tumor blood vessels, thereby significantly increas-

ing the local drug concentration and enhancing the antitumor

activity of drugs.9–11 Over the past decade, antiangiogenic

treatment has become a particularly important strategy for

solid tumors such as colorectal cancer,12 hepatocellular

cancer,13 ovarian cancer14 and NSCLC.15 Some antiangio-

genic agents, such as bevacizumab, ramucirumab and ninte-

danib, have demonstrated good efficacy in advanced

NSCLC. Moreover, the results of many clinical trials sug-

gest that the addition of antiangiogenic drugs to conven-

tional chemotherapy may obviously improve the ORR, PFS

and OS of patients with metastatic/advanced NSCLC.

Anlotinib is another potent oral receptor tyrosine

kinase inhibitor that targets angiogenesis pathways by

inhibiting VEGFR1/2/3, FGFR1/2/3/4, PDGFRα and

PDGFRβ. This drug also targets RET, c-Kit and other

proteins, thereby inhibiting tumor proliferation.16,17

A Phase III trial showed that anlotinib significantly pro-

longs PFS and OS compared with placebo in patients with

advanced/metastatic NSCLC who failed second-line or

later salvage therapy.18 Although the results are encoura-

ging, the improvement in OS was limited, and the outcome

is not satisfactory. Since the combination of antiangiogenic

agents and chemotherapy has proven to be a feasible ther-

apeutic strategy in NSCLC, anlotinib plus chemotherapy

may show better clinical activity.

Therefore, we carefully conducted a retrospective trial

to assess the toxicity and efficacy of anlotinib plus che-

motherapy in Chinese patients with metastatic NSCLC

who failed first- or second-line treatment.

Patients and Methods
Patient Characteristics
Advanced/metastatic NSCLC patients who received che-

motherapy combined with anlotinib or chemotherapy

alone after first- or second-line treatment in Henan Cancer

Hospital were included in the retrospective trial. If a patient

did not progress after 2–4 cycles of combination therapy, he

or she was maintained on anlotinib. The other criteria were

histologically confirmed advanced/metastatic NSCLC,

18–75 years old, Eastern Cooperative Oncology Group

(ECOG) score of 0–2 and adequate liver, bone marrow

and kidney function. Exclusion criteria included the follow-

ing: a small-cell lung cancer (SCLC, including mixed

SCLC/NSCLC); clinically significant cardiovascular dis-

ease; a symptomatic brain metastases; concomitant cancers;

centrally located squamous cell carcinoma with cavitary

features; uncontrolled hypertension; and uncontrolled sig-

nificant comorbid conditions. From April 2014 to

October 2019, a total of ninety-four advanced NSCLC

patients were included in this retrospective trial. We

reviewed the medical records and collected sex, age, histo-

logic type, prior therapy, ECOG, treatment toxicity, labora-

tory data and imaging data from before and after each cycle.

The Ethics Committee of Henan Cancer Hospital

approved our trial. Before receiving combination treat-

ment, all NSCLC patients provided written informed con-

sent. All the procedures in this trial are in full compliance

with the Declaration of Helsinki.

Treatment Methods
Advanced NSCLC patients received anlotinib plus che-

motherapy or chemotherapy alone after first- or second-

line treatment. If the patient did not progress after 2–4

cycles of combination therapy, he or she was maintained

on anlotinib. Anlotinib was initially administered orally

12 mg daily for 14 days and then discontinued for 7 days

(3-week cycle).

Safety and Outcome Assessments
Treatment effects were assessed by computed tomography

scans every two cycles based on response evaluation criteria

in solid tumors (RECIST 1.1). The DCR was defined as the

total percentage of patients with a complete response (CR),

a PR and SD. In addition, we assessed treatment-related

AEs based on the Common Terminology Criteria for

Adverse Events (CTCAE) version 4.03. PFS was defined

from the beginning of combination treatment to tumor

progression or death from any cause.

Statistical Analysis
We analyzed all statistical data with SPSS software (ver-

sion 14.0). The descriptive variables relating to treatment-

related toxicity and patient characteristics were directly
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calculated from the database. In order to compare toxici-

ties and response in the two groups, χ2 test and Fisher’s

exact test were employed. Meanwhile, PFS was calculated

from the first day of treatment to the date of progressive

disease or the date of death from any causes. The median

PFS was computed by making use of Kaplan–Meier meth-

ods and compared by means of the Log-rank test.

A P-value of 0.05 (two-sided) was considered to be statis-

tically significant.

Results
Patient Characteristics
The baseline characteristics of the advanced NSCLC

patients, including age, gender, ECOG score, histological

subtype, surgical history, radiotherapy history, first-line

bevacizumab treatment, second- and third-line treatment,

chemotherapy regimen, brain metastasis and EGFR status,

are summarized in Table 1. The characteristics of the

patients in the two groups were roughly similar. Thirty-

eight patients (40%) were female, and fifty-six (60%) were

male. The average patient age was 56 years (range, 33–75

years). The pathological types included adenocarcinoma

(66%, 62/94) and squamous cell carcinoma (34%, 32/94).

Eighteen percent of the patients (17/94) had a surgical

history, 14% (13/94) had a history of radiotherapy, and

23% (22/94) had a history of first-line bevacizumab treat-

ment. A total of 41 advanced NSCLC patients underwent

treatment with anlotinib in combination with chemother-

apy, 23 (56%, 23/41) as second-line combination treatment

and 18 (44%, 18/41) as third-line treatment. The che-

motherapy regimens were docetaxel-based, gemcitabine-

based, vinorelbine-based or pemetrexed-based every 21

days. The dose of chemotherapy drugs is the standard

dose. Nonprogressive patients received anlotinib mainte-

nance therapy after 2–4 cycles of combined treatment.

Efficacy
Although none of the 41 patients in the anlotinib plus

chemotherapy group achieved a CR, 11 showed a PR, and

21 had SD. The ORR was 27%, and the DCR was 78%

(Table 2). Nineteen patients entered the anlotinib main-

tenance treatment. The median PFS was 5.0 months

(Table 3; 95% CI, 4.18–5.82). In the chemotherapy

group, the ORR was 15%, the DCR was 51%, and the

median PFS was 3.5 months (Tables 2 and 3; 95% CI,

3.11–3.89). Only 5 patients entered the chemotherapy

maintenance treatment. The ORR was slightly, but not

Table 1 Patient Baseline Characteristics

Baseline

Characteristics

Chemotherapy

Plus Anlotinib

(n = 41)

Chemotherapy

(n = 53)

p-value

No. of Patients

(%)

No. of Patients

(%)

Age

Median 52 58 0.670

Range 33–75 34–75

<60 31 (76%) 38 (72%)

≥60 10 (24%) 15 (28%)

Gender (sex) 0.546

Men 23 (56%) 33 (62%)

Women 18 (44%) 20 (38%)

ECOG

performance status

0.934

0 17 (42%) 20 (38%)

1 19 (46%) 26 (49%)

2 5 (12%) 7 (13%)

Histology 0.674

Adenocarcinoma 28 (68%) 34 (64%)

Squamous-cell

carcinoma

13 (32%) 19 (36%)

Previous surgery 0.752

Yes 8 (20%) 9 (17%)

No 33 (80%) 44 (83%)

Previous

radiotherapy

0.686

Yes 5 (12%) 8 (15%)

No 36 (88%) 45 (85%)

First-line

bevacizumab

0.770

Yes 9 (22%) 13 (25%)

No 32 (78%) 40 (75%)

Second-line

treatment

23 (56%) 33 (62%) 0.546

Third-line

treatment

18 (44%) 20 (38%)

Combination

chemotherapy

regimen

0.421

Docetaxel based 15 (37%) 23 (43%)

Gemcitabine

based

7 (17%) 11 (21%)

Vinorelbine

based

9 (22%) 13 (25%)

Pemetrexed

based

10 (24%) 6 (11%)

EGFR status 0.935

Wild type 20 (49%) 24 (45%)

(Continued)
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obviously, higher in the combination arm than in the

chemotherapy arm (Table 2; 27% vs 15%, p=0.16). The

DCR was obviously higher in the combination arm than

in the chemotherapy arm (Table 2; 78% vs 51%,

p=0.007). The median follow-up period was 10 months.

At the end of follow-up, a considerable improvement in

median PFS (Table 3, Figure 1; 5.0 vs 3.5, p=0.002) was

observed in the combination arm compared to the che-

motherapy alone arm. The median OS was not achieved

at the final analysis.

Adverse Events
The toxicity profiles of the two regimens are summarized

in Table 4. No treatment-associated mortalities occurred.

The following AEs were obviously more frequent in the

combination arm than in the chemotherapy arm: leuko-

penia (63% vs 57%), thrombocytopenia (24% vs 19%),

anorexia (51% vs 46%), nausea (51% vs 36%), diarrhea

(12% vs 6%), increased triglycerides (17% vs 15%),

fatigue (46% vs 36%), creatinine (10% vs 8%), protei-

nuria (12% vs 4%), hypertension (42% vs 11%), hand-

foot skin reaction (HFSR, 22% vs 0%), hemoptysis (12%

vs 4%), hypothyroidism (27% vs 0%), hoarse (7% vs

2%), and rash (5% vs 2%). Among these AEs, the

combination arm recorded more events, including hyper-

tension, hand-foot skin reaction, and hypothyroidism,

than did the chemotherapy alone arm (all P < 0.05).

Although myelosuppression and gastrointestinal reac-

tions were the most common grade III or IV toxicities

in the combination group, there were no obvious differ-

ences between the two arms (all P > 0.05). In general,

most toxicity was limited to grade I or II, well tolerated

and controlled.

All patients in the combination group began anlotinib

treatment at 12 mg/day. Two patients had a dose reduction

to 10 mg daily due to HFSR. The most frequent adverse

events on anlotinib maintenance therapy were hyperten-

sion, hand-foot skin reaction, increased triglycerides,

hypothyroidism, proteinuria and fatigue, most of which

were grade I or II and consistent with a prior report on

a Phase II/III study of anlotinib. No patients stopped

anlotinib treatment due to side effects during maintenance

therapy.

Discussion
Angiogenesis is an important feature of cancer, and anti-

angiogenic therapy plays an increasingly crucial role in

advanced/metastatic NSCLC. Many clinical studies have

demonstrated that bevacizumab plus chemotherapy signif-

icantly prolongs PFS and OS compared to chemotherapy

alone in patients with advanced non-squamous NSCLC

and colon, breast, renal, and ovarian cancer.19 Since

a 2-month OS benefit was shown in the LUME-Lung 1

trial, the European Medicines Agency (EMA) approved

docetaxel combined with nintedanib for advanced/meta-

static NSCLC patients with adenocarcinoma in 2014.20

In another Phase III trial, ramucirumab plus docetaxel

significantly prolonged PFS and OS compared with

Table 2 Overall Response to Treatment

Tumor

Response

Chemotherapy

Plus Anlotinib

(n =41)

Chemotherapy

(n = 53)

P-value

No. % No. %

Complete

response

0 0 0 0

Partial

response

11 27 8 15

Stable disease 21 51 19 36

Progressive

disease

9 22 26 49

RR 11 27 8 15 0.160

DCR 32 78 27 51 0.007

Abbreviations: RR, response rate; DCR, disease control rate.

Table 3 Kaplan–Meier Analysis

Chemotherapy

Plus Anlotinib

(95% CI)

Chemotherapy

(95% CI)

p-value

(Log

Rank)

PFS

(months)

5.0 (4.18–5.82) 3.5 (3.11–3.89) 0.002

Abbreviations: PFS, progression-free survival; OS, overall survival.

Table 1 (Continued).

Baseline

Characteristics

Chemotherapy

Plus Anlotinib

(n = 41)

Chemotherapy

(n = 53)

p-value

No. of Patients

(%)

No. of Patients

(%)

Mutant 17 (41%) 23 (44%)

Unknown 4 (10%) 6 (11%)

Brain metastasis 0.720

Yes 13 (32%) 15 (28%)

No 28 (68%) 38 (72%)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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docetaxel only in patients with any pathologic subtype of

advanced NSCLC who progressed after platinum-based

treatment.21 A series of retrospective and prospective clin-

ical studies showed that the combination of apatinib and

chemotherapy in refractory NSCLC had a tendency of

a higher ORR and DCR and prolonged OS.22,23 Data

from a previous meta-analysis consistently showed that

the addition of antiangiogenic drugs to chemotherapy

increased PFS and the ORR, but the benefits on OS in

advanced NSCLC have not been consistent.

Anlotinib also has encouraging antitumor effects and

acceptable toxicity in advanced NSCLC, small cell lung

carcinoma, medullary thyroid cancer, soft tissue sarcomas

and metastatic renal clear cell cancer.24–28 A multicenter,

double-blind, Phase III randomized clinical trial (ALTER

0303) of patients with advanced NSCLC who progressed

after second-line or later treatment showed that compared

with the placebo group, the anlotinib group had

a significantly longer PFS (5.4 vs 1.4 months; P < 0.001)

and OS (9.6 vs 6.3 months; P < 0.001) and a higher ORR

(9.2% vs 0.7%; P < 0.001) and DCR (81.0% vs 37.1%; P <

0.001).18 As a novel multitargeted kinase inhibitor, anloti-

nib, which inhibits not only tumor cell proliferation but

also tumor angiogenesis, is the first drug approved in

China as third-line therapy for metastatic/advanced

NSCLC. However, drug resistance eventually emerged,

and the improvement in OS was finite. The combination

of anlotinib to chemotherapy may be more effective and

delay the development of drug resistance. Moreover, the

Figure 1 Progression-free survival by treatment arm (Kaplan–Meier curve).

Table 4 Toxicity Profile

Toxicity Number of Patients, n (%) P-value

Chemotherapy Plus Anlotinib (n =41) Chemotherapy (n = 53)

Grade I + II III+ IV I + II III+ IV

Haematological toxicity

Leukopenia 17 (41) 9 (22) 20 (38) 10 (19) 0.796

Thrombocytopenia 7 (17) 3 (7) 6 (11) 4 (8) 0.725

Anemia 19 (46) 5 (12) 27 (51) 8 (15) 0.270

Non-haematological toxicity

Anorexia 20 (49) 1 (2) 21 (40) 3 (6) 0.559

Nausea/vomiting 20 (49) 1 (2) 19 (36) 0 (0) 0.204

Diarrhea 3 (7) 2 (5) 2 (4) 1 (2) 0.522

Triglyceride elevation 7 (17) 0 (0) 8 (15) 0 (0) 0.123

Fatigue 18 (44) 1 (2) 16 (30) 3 (6) 0.334

Creatinine 4 (10) 0 (0) 3 (6) 1 (2) 0.514

Proteinuria 5 (12) 0 (0) 2 (4) 0 (0) 0.123

ALT/AST 10 (24) 2 (5) 15 (28) 4 (8) 0.763

Hypertension 15 (37) 2 (5) 6 (11) 0 (0) 0.003

Hand-foot skin reaction 8 (20) 1 (2) 0 (0) 0 (0) 0.002

Haemoptysis 5 (12) 0 (0) 2 (4) 0 (0) 0.123

Hypothyroidism 11 (27) 0 (0) 0 (0) 0 (0) 0.000

Hoarse 3 (7) 0 (0) 1 (2) 0 (0) 0.196

Rash 2 (5) 0 (0) 1 (2) 0 (0) 0.413
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adverse reactions to chemotherapy and anlotinib are dif-

ferent, and many clinical trials have shown that anlotinib

has mild toxicity and is well tolerated. Therefore, anlotinib

plus chemotherapy is a possible treatment option for meta-

static NSCLC patients.

To our knowledge, there have been few trials of che-

motherapy combined with anlotinib for metastatic NSCLC

patients. This is the first retrospective study of chemother-

apy combined with anlotinib versus chemotherapy only for

refractory NSCLC patients. Our study showed that this

well-tolerated combination had clinical activity in advanced

NSCLC as a second- or third-line treatment. In the anlotinib

plus chemotherapy arm, the ORR and DCR were 27% and

78%, respectively, and the median PFS was 5.0 months. In

the chemotherapy arm, the ORR was 15%, the DCR was

51%, and the median PFS was 3.5 months (Tables 2 and 3;

95%CI, 3.11–3.89). The ORR of the combination treatment

was higher than that of chemotherapy alone (Table 2; 27%

vs 15%, p=0.16). The DCR was obviously higher in the

combination arm than in the chemotherapy arm (Table 2;

78% vs 51%, p=0.007). The median follow-up period was

10 months. At the end of follow-up, a considerable

improvement in median PFS (Table 3, Figure 1; 5.0 vs

3.5, p=0.002) was observed in the combination arm com-

pared to the chemotherapy alone arm. The median OS was

not achieved at the final analysis. Our findings showed

obvious improvements in the DCR and PFS with the addi-

tion of anlotinib to chemotherapy in refractory NSCLC. Our

study also showed a much higher ORR and DCR and

a longer PFS than has been reported for ramucirumab,

nintedanib and apatinib combination.20–22 The metastasis

of cancer cells is a very complicated process, which mainly

depends on the invasion and migration ability of malignant

tumor cells. Malignant tumor cells need more oxygen and

nutrients to maintain growth and rapidly developing tumors

will be more likely to depend on new blood vessels. Our

results may be because that all the target molecules of

anlotinib contribute to inhibit tumor angiogenesis and par-

tial tumor cell growth function. On the other hand, this is

due to the effect of VEGF inhibition favoring the effect of

chemotherapy, and the combination maximizes the efficacy

when the toxicity of anlotinib is mild and well tolerated.

The following AEs were more frequent in the combina-

tion arm than in the chemotherapy only arm: leukopenia

(63% vs 57%), thrombocytopenia (24% vs 19%), anorexia

(51% vs 46%), nausea (51% vs 36%), diarrhea (12% vs 6%),

increased triglycerides (17% vs 15%), fatigue (46% vs 36%),

creatinine (10% vs 8%), proteinuria (12% vs 4%),

hypertension (42% vs 11%), hand-foot skin reaction

(HFSR, 22% vs 0%), hemoptysis (12% vs 4%), hypothyroid-

ism (27% vs 0%), hoarse (7% vs 2%), and rash (5% vs 2%).

Compared with the chemotherapy alone group, the combina-

tion treatment group had more events, including hyperten-

sion, hand-foot skin reaction, and hypothyroidism (P < 0.05);

there was no significant difference between groups in the

remaining AEs (P>0.05). Although myelosuppression and

gastrointestinal reactions were the most common grade III/

IV AEs in the combination group, there was no obvious

difference between the two arms (all P > 0.05). In general,

most toxicity was limited to grade I or II, well tolerated and

controlled. The most frequent AEs on anlotinib maintenance

therapy were hypertension, hand-foot skin reaction,

increased triglycerides, hypothyroidism, proteinuria and fati-

gue, most of which were grade I or II and consistent with the

results of a Phase II/III trial of anlotinib. All patients in the

combination group began anlotinib treatment at 12 mg/day.

Two patients had a dose reduction to 10 mg daily for HFSR.

No patient stopped anlotinib treatment due to side effects

during maintenance therapy.

However, there are some limitations of this study. First,

it had a relatively small sample size and a retrospective

design. Second, potential predictive biomarkers were not

reported. Third, QoL (quality of life) was not evaluated.

Finally, although our study was retrospective, we carefully

analyzed the baseline characteristics of the patients and

found no significant differences, which somewhat increased

the accuracy of the comparison between the two arms.

Conclusion
In conclusion, chemotherapy plus anlotinib combined with

anlotinib maintenance may be a reliable, safe and feasible

treatment strategy for advanced NSCLC patients who fail

first- or second-line treatment. Based on clinical evidence

supporting the use of chemotherapy plus antiangiogenic

drugs and the accumulation of clinical experience, many

ongoing prospective clinical trials are evaluating the toxi-

city and efficacy of anlotinib plus chemotherapy in

NSCLC patients as first- or second-line treatment. It is

hopeful that anlotinib plus chemotherapy will be used as

salvage therapy for patients with metastatic/advanced

NSCLC in the future.

Ethics
This study was approved by the Ethics Committee of

Henan Cancer Hospital. All procedures performed in stu-

dies involving human participants were in accordance with
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the ethical standards of the institutional and/or national

research committee and with the Declaration of Helsinki.

The requirement for informed consent was waived as this

was a retrospective study.
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