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Background: Hypertension (HTN) is a common adverse event of the vascular endothelial 

growth factor pathway inhibitor apatinib. This study was conducted to evaluate the association 

of apatinib-induced HTN with clinical outcomes in patients with advanced non-small-cell lung 

cancer (NSCLC).

Methods: We retrospectively analyzed 110 consecutive patients with advanced NSCLC who 

were treated with apatinib from August 2014 to January 2018. All patients were classified as 

normotensive or hypertensive based on blood pressure measurements after initiating therapy. 

Therapeutic response, progression-free survival (PFS), and overall survival (OS) were evaluated. 

Univariate and multivariate analyses were performed using the Cox proportional hazards method.

Results: A total of 46 patients (42%) were diagnosed with HTN. The median PFS for the hyper-

tensive and normotensive groups were 5.6 months and 4.2 months, respectively (P=0.0027). 

The median OS times for the hypertensive and normotensive groups were 9.9 months and 

7.8 months, respectively (P=0.005). Thirty percent of patients who experienced HTN showed 

partial response to apatinib as compared with 6.3% of non-hypertensive patients (P=0.002). 

HTN was independently associated with improved PFS and OS on both univariate and multi-

variate analyses.

Conclusion: Apatinib-induced HTN may be an inexpensive, valid, and easily measurable 

biomarker for apatinib antitumor efficacy in patients with advanced NSCLC.

Keywords: biomarker, hypertension, apatinib, non-small-cell lung cancer, clinical outcomes

Background
Angiogenesis plays a crucial role in the carcinogenesis, invasiveness, and metastasis 

of solid malignancies, while vascular endothelial growth factor (VEGF) and VEGF 

receptor 2 (VEGFR-2) are predominantly responsible for angiogenic signaling.1,2 

Inhibition of angiogenesis is an important antitumor therapeutic strategy. Antiangio-

genic agents targeting the tyrosine kinases of the VEGF receptors have demonstrated 

antitumor activity across a great number of malignancies. For example, vandetanib, 

sunitinib, and sorafenib have been approved for the treatment of thyroid cancer,3 

renal cell carcinoma,4 and hepatocellular carcinoma,5 respectively. Although a large 

proportion of patients do not seem to benefit from antiangiogenic therapies and are 

therefore exposed to unnecessary toxicity, there are currently no biomarkers available 

to identify which patients are most likely to benefit from such a treatment approach. 

Thus, it is of great urgency to establish a valid and easily measurable predictive 

biomarker of efficacy.
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Hypertension (HTN) has been reported as a common 

adverse event associated with VEGF-targeted agent, although 

the mechanism is unclear. Antagonism of VEGF leads 

to reduced release of nitric oxide from endothelial cells, 

therefore causing vasoconstriction and increased peripheral 

vascular resistance, which ultimately lead to HTN.6,7 More-

over, evidence suggests that HTN may result from functional 

or structural vascular rarefaction induced by inhibition of 

VEGF pathway.8 Given that the onset of treatment-induced 

HTN denotes successful blockage of the VEGF signaling 

pathway, HTN has been proposed as a surrogate biomarker 

of the clinical effect of antiangiogenic agents.9–11

Apatinib, an oral small molecule tyrosine kinase inhibitor 

targeting VEGF receptor-2 (VEGFR-2), was approved by 

the China Food and Drug Administration for the treatment 

of advanced gastric cancer in 2014. Although apatinib was 

associated with a 35%–64.4% incidence of any-grade HTN 

which was reported as an adverse event in clinical trials,12–14 

in a study of patients with advanced gastric cancer treated 

with apatinib, treatment-induced HTN significantly predicted 

improved clinical outcomes.15 Apatinib has also demon-

strated encouraging efficiency in advanced non-small-cell 

lung cancer (NSCLC). Preliminary results of a Phase II clini-

cal trial demonstrated that apatinib showed substantial clini-

cal activity in patients with advanced non-squamous NSCLC 

patients.16 In combination with epidermal growth factor 

receptor tyrosine kinase inhibitors (EGFR-TKIs), apatinib 

improved outcomes for patients with advanced NSCLC after 

EGFR-TKI treatment failure.17–19 Apatinib has demonstrated 

efficacy for the treatment of advanced NSCLC when utilized 

as salvage treatment.20,21 We have also reported that three 

cases of advanced lung adenocarcinoma without identifiable 

driver oncogenes who received apatinib as a third- or further-

line treatment achieved partial response (PR).22

Based on these observations, a retrospective analysis 

was performed to investigate whether the development of 

HTN in apatinib-treated patients with advanced NSCLC 

was associated with clinical outcomes. The purpose of this 

study was to determine whether apatinib-induced HTN could 

predict longer OS in advanced NSCLC patients and serve as 

a biomarker of efficacy.

Methods
Patients
Consecutive patients with unresectable stage IV NSCLC 

treated with apatinib were enrolled between August 2014 

and January 2018 in Nanjing Chest Hospital and the 

First Affiliated Hospital of Nanjing Medical University. 

Key inclusion criteria for patients were histologically 

confirmed advanced NSCLC, at least one measurable 

lesion according to Response Evaluation Criteria in Solid 

Tumors (RECIST), Eastern Cooperative Oncology Group 

performance status (ECOG PS) 0–3, and sufficiently 

recorded source data. Exclusion criteria included patients 

with uncontrolled HTN (140/90 mmHg) and those with 

thrombotic or hemorrhagic disorders. One hundred ten 

patients were finally included in this analysis. All patients 

underwent treatment with apatinib monotherapy. The starting 

dose of apatinib monotherapy was 500 mg per day and the 

dose should be reduced to 250 mg if there is an untolerated 

toxicity. This study was approved by the Medical Ethics 

Committee of Nanjing Chest Hospital and all aspects of the 

study comply with the Declaration of Helsinki guidelines. 

The Ethics Committee of Nanjing Chest Hospital specifically 

approved that no informed consent was required because it 

was a retrospective study. Data of all patients were confiden-

tial at the strictest level. All participants in the study were 

completely voluntary and not forced to participate.

study assessments
The therapy response was evaluated according to RECIST 

criteria by performing computed tomography (CT) and/

or magnetic resonance imaging (MRI) every 8 weeks until 

disease progression. Complete response (CR) means disap-

pearance of all target lesions. PR means the longest diameter 

of target lesion was reduced by at least 30%. Stable disease 

(SD) means the longest diameter of the target lesion increased 

to less than progressive disease (PD), or reduced to less than 

PR. PD means that the longest diameter of the target lesion 

increased by at least 20%, or the appearance of new lesion. 

Progression-free survival (PFS) was defined as the time from 

the first administration of apatinib to the date of disease pro-

gression. Overall survival (OS) was defined as the time from 

the first administration of apatinib to death or loss of follow-up. 

HTN was defined as maximum systolic pressure 140 mmHg 

and/or diastolic pressure 90 mmHg at any time after day 1 

of treatment. HTN was defined and graded according to the 

Common Toxicity Criteria for Adverse Events version 4.0.23 In 

all patients with elevated baseline HTN, blood pressure (BP) 

should be well controlled before receiving apatinib therapy.

statistical analysis
Chi-squared test or Fisher’s exact test was used to assess the 

association between categorical variables. PFS and OS were 

assessed using the Kaplan–Meier method and compared 

between patients with and without HTN using the log-rank 

test. The influence of covariates on PFS and OS was assessed 

using a Cox proportional hazards model. The variables in 
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 univariate analysis with P0.2 were entered in the multi-

variable model. The purpose of the landmark analysis was to 

avoid the possible guarantee-time bias caused by incorrectly 

classifed patients in the normotensive group if they had died 

or discontinued taking apatinib before experiencing the HTN. 

Moreover, guarantee-time bias also included the possibility 

that patients developed inauthentic HTN long after apatinib 

treatment, which cannot be interpreted as apatinib-induced 

HTN. Landmark analyses were performed using Kaplan–

Meier methods at the end of 2 months (the 95th percentile 

time for the occurrence of HTN). Therefore, patients who 

develop HTN after 2 months should be excluded from land-

mark analysis in the hypertensive group, and patients who 

stopped taking apatinib or died before 2 months were also not 

included. Two-sided tests were used, and a P-value 0.05 

was considered statistically significant. Statistical analyses 

were performed using SPSS version 19.0.

Results
Patient characteristics
The demographic characteristics of 110 patients with 

advanced NSCLC included in this analysis are summarized 

in Table 1. The median age of patients was 65 years (range 

44–81 years). A total of 46 patients (42%) were diagnosed 

with HTN (grade 1 [n=14], grade 2 [n=22], and grade 3 

[n=10]), whereas the rest of the patients (58%) did not develop 

HTN during apatinib treatment. No patient developed HTN 

grade 4 or grade 5. There were no significant differences in 

age, gender, smoking history, ECOG PS, pathological type, 

location, and line of apatinib treatment between the normo-

tensive and hypertensive patients.

effect of hTn on clinical outcomes
The onset of HTN was significantly correlated with improved 

outcomes (Table 2). The median PFS for all patients was 

4.6 months. The median PFS for patients with apatinib-

induced HTN was 5.6 months, and for normotensive patients, 

it was 4.2 months (P=0.0027) (Figure 1A). The median 

OS for all patients was 8.2 months. Again, patients with 

apatinib-induced HTN had a significantly prolonged OS, 

with a median OS of 9.9 months reported in the hypertensive 

patients and 7.8 months noted in the normotensive patients 

(P=0.005) (Figure 1B). Furthermore, HTN was associated 

with significantly better responses to therapy. Thirty percent 

of patients who experienced HTN showed PR to apatinib as 

compared with 6.3% of non-hypertensive patients (P=0.002). 

None achieved a CR in both the normotensive and hyperten-

sive groups (Table 2).

Table 1 Patient characteristics

Characteristics Normotensive
(N=64), N (%)

Hypertensive
(N=46), N (%)

P-value

Median age (range), years 59 (52–81) 67 (44–81) 0.089

gender 0.475

Female 15 (24.1) 15 (33.3)

Male 49 (75.9) 31 (66.7)

smoking history 0.963

smoker 51 (51.7) 24 (52.4)

non-smoker 13 (48.3) 22 (47.6)

ecOg Ps 0.152

0–1 37 (58.6) 18 (38.1)

2 27 (41.4) 28 (61.9)

Pathological type 0.307

adenocarcinoma 40 (62.1) 28 (61.9)

squamous carcinoma 7 (10.3) 11 (23.8)

Other 17 (27.6) 7 (14.3)

location 0.603

central 20 (31) 18 (38.1)

Peripheral 44 (69) 28 (61.9)

line of apatinib 0.352

second line 26 (41.4) 13 (28.6)

Further line 38 (58.6) 33 (71.4)

Abbreviation: ecOg Ps, eastern cooperative Oncology group performance status.
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Univariate and multivariate analyses
In univariate analysis, PS (P=0.029), age (P=0.037), and 

HTN (P=0.0027) were obviously associated with PFS 

(Table 3). In multivariate analysis, patients with good PS 

(P=0.017, HR: 2.26, CI: 1.16–4.39) and HTN (P=0.011, 

HR: 0.413, CI: 0.21–0.82) had significantly longer PFS. 

Moreover, the apatinib-induced HTN was also found to be 

independently predictive of improved OS on both univariate 

and multivariate analyses (Table 4).

landmark analysis
To address possible guarantee-time bias from misclassifica-

tion of patients, landmark analyses were performed at the end 

of 2 months. After adjusting for potential bias, the median OS 

was 10.2 months (CI: 7.9–11.4) for the patients with HTN 

vs 8.6 months (CI: 6.17–9.43) for the normotensive patients 

(P=0.008) (Figure 2). The adjusted HR for OS of patients 

with HTN was 0.28 (CI: 0.15–0.37).

Discussion
This retrospective analysis found that HTN was associated 

with significantly improved clinical outcomes in patients with 

advanced NSCLC treated with apatinib. These results sup-

port the hypothesis that HTN may be a predictive biomarker 

of efficacy for apatinib treatment in this patient population. 

Response rate was more than five times greater in patients 

with HTN than in those without HTN. Moreover, Median 

PFS and OS were significantly longer among patients with 

HTN than those without. Similarly, results of landmark 

analyses demonstrated that HTN onset by the end of the 

second treatment cycle was also associated with improved 

outcomes. Finally, HTN was identified as an independent 

prognostic factor for improved survival in both univariate 

and multivariate analyses.

Indeed, a number of previous studies have evidenced 

HTN as a surrogate biomarker for efficacy of antiangiogenic 

therapy. In line with our results, in a cohort of 80 patients 

treated with apatinib for advanced breast cancer, Fan et al 

demonstrated that HTN was correlated with significant ben-

efits in terms of response rate, PFS, and OS.24 In addition, 

retrospective analyses evaluating the relationship between 

HTN and outcomes in advanced NSCLC patients treated 

with bevacizumab or axitinib showed a similar result to 

that observed here for apatinib.25,26 These observations, 

Table 2 Treatment efficacy in patients with and without HTN

Clinical outcomes All
(n=110)

Normotensive
(n=64)

Hypertensive
(n=46)

P-value

response rate 0.002

Pr 18 4 14

sD 55 31 24

PD 37 29 8

PFs (months) 4.6 4.2 5.6 0.0027

Os (months) 8.2 7.8 9.9 0.005

Abbreviations: hTn, hypertension; Pr, partial response; sD, stable disease; PD, progressive disease; PFs, progression-free survival; Os, overall survival.

Figure 1 Overall survival and progression-free survival by hypertension during apatinib treatment.
Notes: (A) PFs was compared between the two groups. (B) Os was compared between the two groups.
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if validated by large-scale prospective studies, seem to imply 

that more active attempts should be used to control BP rather 

than reduction in drug dosing or interruption in treatment 

when severe HTN occurs. Aggressive BP monitoring and 

treatment for HTN with antihypertensive medication in 

patients receiving VEGF inhibitors were recommended by 

an expert panel of the National Cancer Institute.27 Antihy-

pertensive drugs should be regarded as first-line treatment 

of apatinib-induced HTN, considering the results that use of 

antihypertensive agents did not reduce antitumor activity of 

VEGF inhibitors.28 Conversely, the lack of HTN may suggest 

an early change in the treatment strategy. Rini et al proposed 

that upward dose titration of axitinib until BP elevation in an 

individual patient might lead to superior outcomes.29 Initial 

observations in an apatinib Phase I trial demonstrated the 

dose-dependent relationship between apatinib and HTN 

induction.30 Thus, dosage titration of apatinib for individual 

patients may be crucial to increasing responses. However, 

these methods must be confirmed in clinical studies before 

they can be applied.

A large number of studies indicate that genetic varia-

tions in HTN-associated genes are associated with the risk 

for developing antiangiogenic drug-induced HTN. In this 

setting, dosage titration of apatinib may not achieve the 

expected effect when patients harboring genetic variations 

in HTN-associated genes are naturally more resistant to 

drug-induced HTN despite sufficient drug concentration. 

Melissa et al evaluated patients with solid tumors treated 

with bevacizumab in six clinical trials and found that both 

single-nucleotide polymorphisms (SNPs) and haplotypes in 

WNK1 and KLKB1 were associated with the development 

of bevacizumab-induced HTN, whereas three haplotypes 

in GRK4 were related to protection from HTN.31 Morita 

et al reported an association between the VEGF-2578 C/C 

genotype and less HTN in 60 Japanese patients treated with 

bevacizumab-based chemotherapy.32 SNPs in VEGF (VEGF-

634 CC and VEGF-1498 TT) have also been identified to be 

associated with protection from grade 3/4 HTN.33 If there is a 

definite link between HTN and effectiveness of the apatinib 

in the patient cohort in the present study, then detection of 

Table 3 Progression-free survival in univariate and multivariate analyses

Variables Median (95% CI) P-value

Univariate Multivariate

age (years) 0.037 0.089 (hr: 0.46, 95% ci: 0.21–1.12)

65 5.3 (3.59–7.01)

65 3.8 (2.41–5.19)

gender 0.422

Female 4.2 (3.25–5.15)

Male 4.6 (3.52–5.68)

smoking history 0.178

smoker 5 (3.55–6.45)

non-smoker 4 (1.49–6.51)

ecOg performance status 0.029 0.017 (hr: 2.26, 95% ci: 1.16–4.39)

0–1 5.5 (4.26–6.74)

2 3.6 (2.47–4.73)

Pathological type 0.53

adenocarcinoma 4.2 (3.56–4.84)

non-adenocarcinoma 5 (3.78–6.22)

line of apatinib 0.212

second line 5.3 (4.34–6.26)

Further line 3.6 (3.1–4.1)

location 0.515

central 4 (2.23–5.77)

Peripheral 4.6 (3.76–5.44)

apatinib-induced hypertension 0.0027 0.011 (hr: 0.413, 95% ci: 0.21–0.82)

Yes 5.6 (3.75–6.85)

no 4.2 (3.28–5.12)

Abbreviation: ecOg, eastern cooperative Oncology group.
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HTN protective genes will be contributing to screen out 

patients with natural resistance to apatinib. But to date, none 

have been validated.

There are several limitations in the current study. First, the 

small sample size and retrospective design of the present study 

may bias the result. Future large-scale prospective studies 

should be conducted to confirm the findings of this study. 

Second, our definition of HTN only refers to an increase in 

the threshold level of systolic and/or diastolic pressure, which 

may not be accurate to characterizing apatinib-induced HTN. 

VEGF inhibitor-induced HTN was defined by other studies 

as both BP increase from baseline and start or extension of 

antihypertensive medication.10,34 However, no studies have 

confirmed that one definition is superior to the other as a 

biomarker of clinical outcomes. Finally, the management of 

side effects like HTN was not uniform in each patient, which 

may affect the prognosis of patients.

Conclusion
Despite substantial efforts, till date no validated predictive 

biomarkers for antiangiogenic agents have been identified. 

Serial BP monitoring is convenient and may be reflective of 

intended target inhibition once therapy is started. Results of 

this retrospective analysis suggest that treatment-induced 

HTN may be an inexpensive, valid, and easily measurable 

Table 4 Overall survival in univariate and multivariate analyses

Variables Median (95% CI) P-value

Univariate Multivariate

age (years) 0.045 0.092 (hr: 0.67, 95% ci: 0.12–1.22)

65 9.2 (8.25–10.15)

65 6.6 (5.66–7.54)

gender 0.704

Female 8.2 (7.62–8.78)

Male 8.2 (6.13–10.27)

smoking history 0.999

smoker 8.2 (6.05–10.35)

non-smoker 8.8 (7.8–9.8)

ecOg performance status 0.119

0–1 9.4 (7.9–10.87)

2 8 (6.01–9.99)

Pathological type 0.364

adenocarcinoma 8 (6.37–9.63)

non-adenocarcinoma 9.4 (8.22–10.58)

line of apatinib 0.123

second line 9.4 (6.62–12.18)

Further line 8.2 (5.93–10.47)

location 0.971

central 8.2 (6.28–10.12)

Peripheral 8.5 (7.48–9.52)

apatinib-induced hypertension 0.005 0.022 (hr: 0.45, 95% ci: 0.23–0.89)

Yes 9.9 (7.9–10.8)

no 7.8 (4.98–8.62)

Abbreviation: ecOg, eastern cooperative Oncology group.

Figure 2 landmark analysis of overall survival in patients with and without 
hypertension with landmark at 2 months.
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biomarker for apatinib antitumor efficacy in patients with 

advanced NSCLC. Therefore, larger randomized studies 

should be performed to evaluate the role of apatinib-induced 

HTN as a potential prognostic biomarker in advanced 

NSCLC patients treated with apatinib.
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