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Apatinib Monotherapy or Combination Therapy for Non-Small Cell Lung 
Cancer Patients With Brain Metastases

Jianping Xu, Xiaoyan Liu, Sheng Yang, and Yuankai Shi

Department of Medical Oncology, Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, 
Beijing, P.R. China

Apatinib, an oral small molecular receptor tyrosine kinase inhibitor (TKI) developed first in China, exerts anti-
angiogenic and antineoplastic function through selectively binding and inhibiting vascular endothelial growth 
factor receptor 2 (VEGFR-2). In this study, we aimed to explore the efficacy and safety profile of apatinib 
monotherapy, or combined with chemotherapy or endothelial growth factor receptor (EGFR)-TKI in heavily 
pretreated non-small cell lung cancer (NSCLC) patients with brain metastases. We performed a retrospective  
analysis for relapsed NSCLC patients with brain metastases from our institute, who received apatinib  
(250 mg or 500 mg p.o. qd) monotherapy, or combination with EGFR-TKI or chemotherapy as second or 
more line systemic therapy until disease progression or unacceptable toxicity occurred. The objective response 
rate (ORR), disease control rate (DCR), median progression-free survival (mPFS), median overall survival 
(mOS), and safety were analyzed. A total of 26 eligible patients were included: 24 patients diagnosed with 
adenocarcinoma, 2 with squamous carcinoma, and 14 patients harboring EGFR sensitizing mutations. The 
mPFS and mOS were 4.93 (range, 0.27−32.91; 95% CI 3.64−6.22) and 14.70 (range, 0.27−32.91; 95% CI 
0.27−43.60) months for the whole group. The ORR and DCR were 7.7% (2/26) and 69.2% (18/26) for the 
entire lesions, and 7.7% (2/26) and 79.6% (20/26) for brain metastases, respectively. Compared with patients 
who received apatinib monotherapy, patients who received apatinib combination treatment had more favorable 
mPFS (11.77 vs. 2.27 months, p < 0.05) and mOS (24.03 vs. 6.07 months, p < 0.05). Treatment-related toxicities 
were tolerable including grade 1/2 hypertension, hand-and-foot syndrome, fatigue, nausea, liver dysfunction, 
myelosuppression, skin rash, and palpitation. In conclusion, apatinib exhibited high activity and good tolerance 
for NSCLC patients with brain metastasis, and it might become a potential choice for metastatic brain tumors  
in NSCLC patients.
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INTRODUCTION

Lung cancer has been the most common malignancy 
worldwide especially in China with the highest incidence 
and mortality1,2. Non-small cell lung cancer (NSCLC) 
accounts for approximately 85% of all lung cancer 
cases1,2. NSCLC has poor prognosis with a low 5-year 
survival rate, especially at the advanced stage of the dis-
ease, due to relapse, resistance, and metastasis1,2. More 
than 10% of NSCLC patients present with brain metasta-
sis at their initial diagnosis, and 30% to 40% of NSCLC 
patients develop brain metastasis during the treatment 
course of the disease3,4. Although local treatments such 
as surgical resection, stereotactic radiosurgery (SRS), or 
whole brain radiotherapy can prolong the overall survival 
(OS) of NSCLC patients with brain metastases5, there are 

still some limitations including limiting further systemic 
chemotherapy.

With the advent of precision targeted therapy and 
immune checkpoint inhibitors, the prognosis of advan-
ced NSCLC patients has improved greatly6,7. VEGF/ 
VEGFR signal transduction has been recognized as a 
prominent pathway responsible for pathological angio-
genesis8. Previous studies have demonstrated that beva-
cizumab combined with chemotherapy significantly 
improved the prognosis and inhibited the brain metas-
tasis development in NSCLC patients, and EGFR TKI 
therapy was also effective for NSCLC patients with brain 
metastases9-11. Apatinib, a novel receptor tyrosine kinase 
inhibitor selectively targeting the intracellular ATP-
binding site of VEGFR-2, exhibited high antivascular  
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and anticancer activities both in preclinical and clini-
cal settings12. Previous studies have reported that 
apatinib was efficacious in treating relapsed or drug- 
resistant NSCLC and also in NSCLC patients with brain  
metastasis13–16.

In this retrospective study, we aimed to explore the 
efficacy and safety profile of apatinib monotherapy, or 
combined with chemotherapy or EGFR-TKI for treat-
ment of brain metastases in patients with advanced drug-
resistant NSCLC.

MATERIAL AND METHODS

Patients

Eligible patients who were diagnosed with NSCLC 
with brain metastases at our institute and received  
apatinib monodrug or combination treatment as second 
or more lines of systemic therapies were included in 
this study. The clinical variables were collected includ-
ing gender, age, Eastern Cooperative Oncology Group 
(ECOG) performance status (PS), initial dosage, treatment  
regimens, response, survival date, etc. This study was 
approved by the ethics committee of the Cancer Institute 
and Hospital, Chinese Academy of Medical Sciences, 
and conducted in accordance with the Declaration of 
Helsinki. All patients who received treatment of apa-
tinib combined with TKI or chemotherapy signed an  
informed consent.

Efficacy and Safety Assessments

Treatment responses were assessed according to 
the Response Evaluation Criteria in Solid Tumors 
(RECIST1.1). The objective response rate (ORR) was 
calculated as complete response (CR) + partial response 
(PR). The disease control rate (DCR) was calculated as 
CR + PR + stable disease (SD). Progression-free survival 
(PFS) was defined as the time from treatment initiation 
until the first sign of disease progression or death from 
any cause. OS was defined as the duration from the first 
day of the treatment to the date of death as a result of 
any cause. Patients who were alive at the time of this 
analysis were censored at the date last known to be alive. 
Toxicities were evaluated according to the National 
Cancer Institute–Common Toxicity Criteria for Adverse 
Events version 4.0.

Statistical Analyses

The Kaplan–Meier method was used to estimate the 
impact of the duration of apatinib administration upon 
survival, followed by the log-rank test to determine the 
statistical significance. The research goal mentioned 
above was achieved by analyses with SPSS 19.0 (IBM, 
Armonk, NY, USA).

RESULTS

Patients

A total of 26 patients were enrolled between October 
2015 and April 2019. Patients’ characteristics are sum-
marized in Table 1. The median age was 56 years (range: 
43−70), and the ratio of males to females was 12:14. An 
extremely high prevalence of adenocarcinoma (24/26, 
92.4%) was observed. Among the 26 eligible patients, 14 
cases were harboring EGFR-sensitizing mutations (includ-
ing 6 patients with exon 19 deletions, 7 patients with 
exon 21 mutations, and 1 patient with simultaneous exon 
21 mutations and exon 20 T790M mutations), 7 patients 
were EGFR-wild types, and the remaining 5 patients 
did not receive molecular test (3 adenocarcinoma and 2 
squamous carcinoma). All patients were relapsed NSCLC 
among which 14 cases had failed two lines and 12 patients  
had failed three or more lines of prior systemic treatment.

Treatments

All patients received apatinib, and the initial dos-
age were 250 mg qd in 16 patients and 500 mg qd in  

Table 1. Patient Characteristics

Characteristics N (%)%

Gender
 Male 12 (46.2%)
 Female 14 (53.8%)
Age
 Median (range) 56 (43−70)
ECOG score 
 0 3 (11.5%)
 1 7 (26.9%)
 2 14 (53.8%)
 3 2 (7.7%)
Pathological type
 Adenocarcinoma 24 (92.3%)
 Squamous carcinoma 2 (7.7%)
Gene mutation
 EGFR-sensitizing mutation 14 (53.8%)
 Wild type 7 (26.9%)
 Unknown 5 (19.2%)
Extracranial metastases
 Positive 6 (23.1%)
 Negative 16 (61.5%)
Prior systemic treatment
 2 8 (30.7%)
 ³3 18 (69.2%)
Brain radiation
 Yes 16 (61.5%)
 No 10 (38.5%)
Apatinib treatment
 Monodrug 12 (46.2%)
 Combined with EGFR-TKI 10 (38.5%)
 Combined with chemotherapy 4 (15.3%)
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10 patients. Twelve patients received apatinib monother-
apy, and 14 patients received apatinib combination treat-
ment including EGFR-TKI (n = 10) and chemotherapy 
(n = 4). Sixteen (61.5%) patients received brain radiation 
while receiving apatinib therapy.

Efficacy

Until the last follow-up in April 2019, 11 patients died, 
and 15 patients were still alive. The ORR and DCR were 
7.7% (2/26) and 69.2% (18/26) for the entire lesions, 
and 7.7% (2/26) and 79.6% (20/26) for brain metastases, 
respectively (Table 2). The mPFS and mOS were 4.93 
(95% CI 3.64−6.22) and 14.70 (95% CI 0.27−43.60) 
months for all patients (Fig. 1).

Compared with mono-apatinib, apatinib combination 
treatment with EGFR-TKI or chemotherapy had higher 
ORR (14.3% vs. 0, p < 0.05) and DCR (92.9% vs. 23.1%, 
p < 0.05). Patients who received apatinib combination treat-
ment also had longer mPFS (11.77 vs. 2.27 months, p < 0.05) 
and mOS (24.03 vs. 6.07 months, p < 0.05) (Fig. 2).

Among the 14 patients harboring EGFR-sensitizing 
mutations, 4 received mono-apatinib and 10 patients 

received apatinib combined with EGFR-TKI. For patients 
receiving monotherapy, the ORR and DCR were 0% and 
25%, respectively. For patients receiving combination 
therapy, the ORR and DCR were 25% and 100%, respec-
tively. For the 10 patients who received combination 
treatment, no statistical significance was found between 
cases with EGFR exon 19 deletion mutations and cases 
with EGFR exon 21 mutations with regard to both sur-
vival (mPFS, 27.90 vs. 11.77 months, p = 0.097; mOS, 
not reached) and treatment response (ORR, 25% vs. 25%; 
DCR, 100% vs. 100%).

For the 14 patients who had failed two lines of sys-
temic therapies, the ORR and DCR were 16.7% and 75%, 
respectively. For the 12 patients who had failed ³3 lines 
of treatment, the ORR and DCR were 0% and 61.5%, 
respectively.

In addition, we established multivariate model con-
taining variables (age, sex, ECOG score, gene mutation, 
and apatinib treatment) (Table 3). In multivariate analy-
sis, only the mode of apatinib treatment (combination or 
monotherapy) was associated with a significantly longer 
PFS [hazard ratio (HR) = 7.446; 95% CI = 2.11–9.65; 

Table 2. Treatment Response (N = 26)

Response The Entire Lesions [N (%)] Brain Metastases [N (%)]

Complete response 0 0
Partial response 2 (7.7%) 2 (7.7%)
Stable disease 16 (61.5%) 18 (69.2%)
Progressive disease 8 (30.8%) 6 (23.1%)
Objective response rate 2 (7.7%) 2 (7.7%)
Disease control rate 18 (69.2%) 20 (76.9%)

Figure 1. Kaplan–Meier overall survival (OS) and progression-free survival (PFS) curves. (A) OS. (B) PFS.
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p = 0.001] and longer OS [hazard ratio (HR) = 8.571; 95% 
CI = 5.83–9.22; p = 0.006].

Adverse Events

Treatment-related AEs are summarized in Table 4. The 
most common AEs were grade 1/2 hypertension (14/26, 
53.8%), hand-and-foot syndrome (12/26, 46.2%), fatigue 
(12/26, 46.2%) and nausea (9/26, 34.6%), followed by 
nausea (9/26, 34.6%), liver dysfunction (7/26, 26.9%), 
myelosuppression (3/26, 11.5%), skin rash (5/26, 19.2%), 
and palpitation (2/26, 7.7%). All these AEs were manage-
able, and no grade 3/4 AEs were observed.

DISCUSSION

In this retrospective study, we observed a high DCR of 
79.6%, mPFS of 4.93 months, and mOS of 14.70 months 
in NSCLC patients with brain metastases. Especially 
when treated with apatinib combined with EGFR-KTI or 

chemotherapy, a DCR of 92.9%, mPFS of 11.7 months 
and mOS of 24.03 months were achieved, indicating the 
promising efficacy of apatinib combination therapy for 
NSCLC patients with brain metastases.

Apatinib is a novel receptor tyrosine kinase inhibitor 
selectively targeting the intracellular ATP-binding site of 
VEGFR-2 and exhibiting highly antivascular and anti-
cancer activities12. Several trials have confirmed that apa-
tinib was efficacious in treating relapsed or drug-resistant 
NSCLC after multiple lines of treatments13–15. In addition, 
our previous study had reported that four NSCLC patients 
with brain metastasis achieved stable disease after receiv-
ing apatinib therapy16.

Blockade of VEGF has been demonstrated in pre-
clinical settings to promote vascular normalization and 
inhibit angiogenesis in treating brain metastases9,11,17. In 
those studies, brain metastases were sensitive to apa-
tinib monodrug or combination with chemotherapy or 

Figure 2. Kaplan–Meier overall survival (OS) and progression-free survival (PFS) curves between apatinib monotherapy and com-
bination. (A) OS. (B) PFS.

Table 3. Multivariate Cox Proportional Hazard Models of Prognostic Parameters for  
Progression-Free Survival and Overall Survival

Progression-Free Survival Overall Survival

Variable p Value HR (95% CI) p Value HR (95% CI)

Gender 0.533 1.269 (0.32–1.88) 0.958 0.984 (0.24–2.23)
Mutation type 0.705 0.835 (0.11–2.14) 0.825 0.914 (0.03–1.19)
Treatment (mono or combined) 0.006 8.571 (5.83–9.22) 0.001 7.446 (2.11–9.65)
ECOG 0.413 0.766 (0.59–0.99) 0.985 0.995 (0.46–1.62)
Treatment lines 0.651 1.357 (0.87–2.12) 0.596 1.357 (0.88–3.27)
Age 0.176 1.056 (0.91–1.88) 0.146 1.053 (0.45–3.11)
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EGFR-TKI. At present, only a few clinical studies have 
specifically focused on anti-VEGF therapy in lung can-
cer with brain metastases. For example, in the phase II 
BRAIN study, first-line bevacizumab combined with 
carboplatin and paclitaxel yielded an ORR of 61.2% in 
intracranial lesions, a mPFS of 6.7 months, and mOS 
of 16 months, and second-line bevacizumab combined 
with erlotinib achieved ORR of 12.5% in intracranial 
lesions, a mPFS of 6.3 months, and mOS of 12 months 
in NSCLC with brain metastases9. In another trial, PFS 
was 9.1 months and mOS was 9.6 months for patients 
with NSCLC with brain metastasis who received 
first-line bevacizumab combined with cisplatin and 
gemcitabine18. In addition, small molecular VEGFR-
TKIs including sorafenib and sunitinib showed effi-
cacy in treating brain metastases in patients with renal 
cancer19,20. In our study, in patients relapsed after two 
or more line treatments, apatinib combination therapy 
achieved better outcomes with ORR of 14.3%, DCR of 
92.9%, mPFS of 11.7 months, and mOS of 24.03 months 
in intracranial lesions in NSCLC patients.

In a previous study, in heavily pretreated patients with 
advanced nonsquamous NSCLC, docetaxel showed mOS 
of 9.4 months and mPFS of 4.2 months21. In addition, data 
from randomized trials in patients with advanced NSCLC 
and pretreated central nervous system metastases showed 
mOS of 3.86–7.33 months with docetaxel therapy22. In 
phase III OAK study, in patients with and without a his-
tory of asymptomatic, treated brain metastases, there was 
mOS of 9.3 and 11.9 months in the docetaxel arm, respec-
tively23. In contrast to our finding, the mOS of apatinib 
monotherapy was 6.07 months, which was lower than the 
use of docetaxel as a historical control; however, the mOS 
of the patients receiving apatinib combination therapy 
was 24.03 months, which was better when compared with 
docetaxel as a historical control. This outcome showed that 
apatinib combination with EGFR-TKI or chemotherapy 
might be used for NSCLC patients with brain metastasis. 
In addition, multivariate analysis showed that only the 
mode of apatinib treatment (combination or monother-
apy) was associated with a significantly longer mPFS and 

mOS, which indicated that the mode of apatinib treatment 
was an independent factor associated with the mPFS and 
mOS of patient when other variables were considered. 
Intriguingly, we observed that EGFR mutation was not 
an independent factor in our multivariate analysis, though 
50% of patients were EGFR mutant and that over 30% 
utilized EGFR TKI combination. Certainly, these results 
should be verified in a large prospective clinical trial.

IMpower150 study showed that the addition of atezoli-
zumab to bevacizumab plus chemotherapy as first-line 
treatment for nonsquamous metastatic NSCLC signifi-
cantly improved the PFS and OS, regardless of EGFR 
genetic alteration status24. In our study, we observed that 
apatinib in combination with EGFR-TKI for EGFR- 
mutant NSCLC achieved an ORR of 25% and DCR of 
100%, which was higher than that of monotherapy. In 
addition, a phase IB clinical trial showed that camreli-
zumab (a clinically available anti-PD-1 monoclonal anti-
body) plus low-dose apatinib achieved a promising ORR 
of 55.6% (5/9) in patients with pretreated NSCLC25. 
Camrelizumab combined with apatinib had also showed  
promising antitumor activity in hepatocellular carcinoma26,27.  
Therefore, it is very necessary to investigate whether apa-
tinib combination with PD-1 inhibitor such as camreli-
zumab can indeed induce promising antitumor activity  
in EGFR-mutant NSCLC in our future study.

There is a growing body of evidence that the microen-
vironment in which tumors grow affects their biology, 
as well as the efficacy of therapeutic agent28. However, 
the host microenvironment differs between primary and 
metastatic sites. In an animal model with breast can-
cer, cranial metastases showed more angiogenesis and 
exhibited higher vascular permeability than the primary 
tumor28. This may explain our result that two patients in 
the study had brain metastases shrinking but primary lung 
lesions growing. The contradictory responses between 
primary and metastatic tumors have also been reported in  
breast cancer29,30.

Preclinical studies have demonstrated that apatinib 
may be vital in reversing the drug resistance of EGFR-
TKI14. Reinmuth and his colleagues reported that EGFR 
gene mutations may be linked to increased VEGF expres-
sion in comparison with EGFR wild type31. Further 
studies revealed that activation of the EGFR pathway 
increases the production of tumor-derived VEGF by acti-
vating downstream ERK and PI3K signal pathways32. In 
addition, Naumov et al. reported that acquired resistance 
to EGFR-TKIs was associated with a significant increase 
in VEGFR expression33. Recent JO25567 and NEJ026 
studies showed that the addition of anti-VEGF therapy to 
first-line EGFR-TKI improved ORR and PFS for patients 
with EGFR-sensitizing mutations34,35. Noteworthy, in our 
study, second-line apatinib combined with EGFR-TKI 
yielded an ORR and DCR of 25% and 100% for NSCLC 

Table 4. Treatment-Related Adverse 
Events

Adverse Event N (%)

Hypertension 14 (53.8%)
Hand-and-foot syndrome 12 (46.2%)
Fatigue 12 (46.2%)
Nausea 9 (34.6%)
Liver dysfunction 7 (26.9%)
Skin rash 5 (19.2%)
Myelosuppression 3 (11.5%)
Palpitation 2 (7.7%)
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patients harboring EGFR sensitizing mutations who 
failed first-line EGFR-TKI, suggesting that apatinib may 
reverse the drug resistance of EGFR-TKI.

In this study, apatinib was well tolerated in all 
patients, and no grade 3/4 AEs were observed. Cerebral 
hemorrhage is one of the most common side effects 
in patients who receive antivascular therapies36,37. 
However, no cerebral hemorrhage and no other severe 
AEs were documented in all enrolled patients. Besides, 
prior studies of bevacizumab showed that antivascular 
therapies lead to hemorrhage events in squamous lung 
cancer, especially in hollow lesions adjacent to blood 
vessels10. In this study, no hemorrhage event occurred in 
two patients with squamous lung cancer who received 
apatinib treatment.

Our study was limited by its retrospective nature and 
small sample size. Patients in the study were heavily 
pretreated and lacked effective predictors for response. 
Prospective phase 3 clinical trials would be needed to 
confirm the clinical efficacy of apatinib treatment, espe-
cially combination therapy in NSCLC patients with brain 
metastases.
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