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Abstract

Background: Apatinib, an oral small-molecule angiogenesis inhibitor, selectively inhibits
vascular endothelial growth factor receptor 2 (VEGFR-2], which inhibits vascular endothelial
growth factor (VEGF) stimulated endothelial cell migration and proliferation and decreases
tumour growth and metastasis. Recently, the efficacy of multi-target angiogenic drugs has
been demonstrated for many cancers, including non-small-cell lung cancer (NSCLC). The
aim of this retrospective study was to evaluate the clinical efficacy of apatinib in patients with

advanced NSCLC.

Patients and methods: We conducted a retrospective analysis of 70 patients with advanced
NSCLC who received second-line and later treatment from November 2015 to July 2017 with
poor results. Out of the 70 patients, 36 patients received apatinib treatment after second-

line or later treatment, whereas 34 patients in the control group did not receive further
treatment. The patients were treated with oral apatinib 500 mg once a day every day for
4weeks per cycle. Treatment was continued in responding and stable patients until disease
progression or intolerable toxicity. The objective response rate (ORR), disease control rate
(DCRJ, progression-free survival (PFS), overall survival (0S), and side effects of the drug were

recorded and reviewed.

Results: ORR, DCR, PFS, and OS were evaluated in 36 patients receiving apatinib and 34
patients in the control group. The ORR and DCR in patients receiving apatinib therapy were
22.2% and 77.8%, respectively. The median PFS and OS in the treatment group were 5.6
and 9.6 months, respectively. The median OS in the apatinib group was significantly longer
than that in the control group (9.6 versus 3.8 months; p<0.0001). In contrast, there were no
differences in adverse reactions between the patients in the treatment and control groups.
Conclusion: Apatinib showed favourable efficacy and safety and can thus be used as a
treatment option for patients with advanced NSCLC.
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Introduction

Lung cancer has the highest associated morbidity
and mortality of any cancer worldwide.! According
to the National Central Cancer Registry of China,
the incidence of lung cancer in China was
51/100,000 in 2018, and the mortality rate was
40.71/100,000.2 The two main classifications of

lung cancer are small-cell lung cancer and non-
small-cell lung cancer (NSCLC). NSCLC
accounts for approximately 80% of all lung can-
cer cases. Because of the difficulties associated
with early NSCLC detection, most patients
already display middle- or advanced-stage disease
at the time of diagnosis, and surgical resection is
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no longer feasible. In the past decade, significant
progress in the treatment of advanced NSCLC
has been achieved using targeted immunothera-
peutics.? Nonetheless, for patients with no targeta-
ble genetic aberrations, platinum-based doublet
chemotherapy is still the preferred treatment
method. Following disease progression, second-
line treatment mainly includes new-generation
targeted drug therapy or chemotherapeutics such
as docetaxel or pemetrexed. However, there is no
standard treatment for patients with advanced
metastatic NSCLC who have progressed after two
or more lines of standard treatment, and current
guidelines generally recommend clinical trials or
palliative treatment.*7

Angiogenesis is a key requirement of malignant
tumour growth and metastasis. Tumour neovascu-
larisation promotes tumour growth by facilitating
the supply of nutrients to, and removal of metabo-
lites from, tumour cells. Angiogenesis is also likely
to facilitate the subsequent spread of tumour cells
to other parts of the body from the primitive lesion
via these new blood vessels. An important cytokine
that induces tumour angiogenesis is vascular
endothelial growth factor (VEGF).® VEGF stimu-
lates downstream signal transduction by binding to
transmembrane receptor tyrosine kinases and pro-
moting the proliferation, mitosis, and migration of
endothelial cells to form new vascular cavities.?!!
In recent years, the efficacy of multi-target angio-
genic drugs targeting VEGF and its receptor
VEGFR has been demonstrated for many cancers,
including NSCLC. Bevacizumab, a recombinant
human monoclonal antibody, is the first anti-angi-
ogenesis drug to be approved by the United States
Food and Drug Administration for the treatment
of patients with NSCLC. Bevacizumab was rec-
ommended as first-line therapy in combination
with chemotherapy for the treatment of advanced
NSCLC because of the prolonged overall survival
(OS) associated with its use.l%12-17 Anlotinib is
another anti-angiogenesis drug that has also been
shown to prolong PFS in the third-line treatment
of NSCLC.!8

Apatinib, a tyrosine kinase inhibitor (TKI), is a
new-generation oral anti-angiogenic drug that has
been independently developed in China. Apatinib
exerts its antitumour effects by blocking VEGFR-
2, thus attenuating the downstream activation of
mitogen-activated protein kinase (MAPK) and
inhibiting the proliferation of vascular endothelial
cells.19:20 Apatinib shows high antitumour activity
in a variety of tumours, including cancers of the

gastrointestinal tract and lung cancers.!221-23 In
the present study, we investigated the clinical
effects and safety of apatinib as third- or further-
line therapy in the treatment of advanced
NSCLC.

Patients and methods

Patient eligibility

Patients with advanced NSCLC receiving treat-
ment at three different cancer centres from 1
November 2015 to 31 July 2017 were included in
this retrospective study. The patients’ clinical and
laboratory data were retrospectively retrieved from
medical records collected during hospitalisation.
The selection criteria were as follows: pathologi-
cally confirmed NSCLC; clinical stage IV; normal
heart, liver, and kidney function, and normal
blood count before treatment; no bleeding disor-
ders; and at least one appraised lesion according
to the Response Evaluation Criteria in Solid
Tumours (RECIST) 1.1.24 Overall, 70 patients
were recruited for the study; they were split into a
control group comprising 34 cases and an apat-
inib-treatment group comprising 36 cases. In the
control group, after previous second-line and later
standard treatments, no other active antitumour
treatments were offered upon further progression.
In the treatment group, after previous second-line
and later standard treatments, patients were
treated with apatinib upon further progression.

Intotal, 18 apatinib-treatment cases were excluded
from this study (11 cases were found not to be in
accordance with the inclusion criteria, two cases
were excluded owing to lack of follow-up, and
five cases were excluded owing to incomplete
information). The study protocol was approved
by the Ethics Committee of the First People’s
Hospital of Foshan (2018 NO. 3), and the study
was conducted in accordance with the Declaration
of Helsinki.

Treatment methods

The patients were treated with oral apatinib
500mg once a day (QD) every day for 4 weeks as
a cycle. Dose reduction (250mg QD) was per-
mitted for drug-related toxicity (in cases of apat-
inib-related grade III haematologic or grade II
non-haematologic toxicity). Tumour responses
were assessed after every second cycle. Treatment
was continued in responding and stable patients
until disease progression or intolerable toxicity.
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The follow-up continued until the study cut-off
date of 20 March 2018.

Efficacy and toxicity

Therapeutic responses to apatinib treatment and
the presence of significant signs of disease progres-
sion were evaluated every second cycle. Objective
response criteria in the tumours, including com-
plete response (CR), partial response (PR), stable
disease (SD), and progressive disease (PD), were
evaluated according to the RECIST 1.1 guide-
lines. The objective response rate (ORR) was cal-
culated as CR plus PR. Similarly, the disease
control rate (DCR) was calculated by adding CR,
PR, and SD. Time from initial diagnosis to apat-
inib treatment was also recorded. Tumour
responses and toxicities were assessed by review-
ing the patients’ medical histories and laboratory
records according to the National Cancer Institute
Common Toxicity Criteria (NCI-CTC) guide-
lines for Adverse Events version 4.0 (CTC4.0).

Statistical analyses

Data were collected from patient enrolment
(between November 2015 and July 2017) through
to the final follow-up date (20 March 2018).
Statistical analyses were performed using SPSS
version 19.0 (IBM, Armonk, NY, USA). In the
treatment group, OS was measured from the first
day of apatinib administration until date of death
from any cause or final follow-up. In the control
group, OS was calculated as the time from disease
progression after second-line treatment until date
of death from any cause or final follow-up.
Progression-free survival (PFS) was measured
from the first day of apatinib administration until
the date of tumour recurrence or final follow-up.
Between-group comparisons were conducted using
chi-square tests. Kaplan—Meier curves were con-
structed for OS and PFS, and the difference was
compared using the log-rank test. A multivariate
Cox regression model was used to estimate the
treatment hazard ratios (HRs). Differences yield-
ing a two-tailed p<0.05 were designated as sta-
tistically significant in all tests.

Results

Patient characteristics

A retrospective analysis of 70 patients with
advanced NSCLC who had received second-line
and later treatment with poor results was

performed. Depending on the presence/absence of
sensitising gene mutations, all patients had previ-
ously received targeted treatment and/or plati-
num-based chemotherapy. While 34 patients in
the control group received no further treatment,
36 patients in the treatment group received addi-
tional apatinib treatment. The baseline character-
istics of the patients in the two groups are shown
in Table 1. There were no differences between the
two groups with regard to the median age and sex.
In addition, there were no differences in smoking
history, Eastern Cooperative Oncology Group
performance status, pathological subtypes, epider-
mal growth factor receptor (EGFR) and anaplas-
tic lymphoma kinase gene mutations, and tumour
distant metastasis between the two groups.

Clinical efficacy

Of the 36 patients in the treatment group, eight
(22.2%) achieved PR, 20 (55.6%) achieved SD,
and eight (22.2%) achieved PD. The ORR and
DCR were 22.2% and 77.8%, respectively
(Table 2). For squamous cell carcinoma, the ORR
and DCR were 14.3% and 85.7%, respectively,
whereas for adenocarcinoma, the ORR and DCR
were 24.1% and 75.9%, respectively. No statisti-
cally significant difference in therapeutic effect
was observed between patients with different
pathological types (ORR, p=1.000; DCR,
p»=1.000). In addition, no significant differences
in efficacy were observed when mutant and wild-
type EGFR gene status were compared (p=0.618).
The ORR and DCR of patients with mutant
EGFR were 37.5% and 75.0%, respectively,
whereas the ORR and DCR of patients with wild-
type EGFR were 23.1% and 84.6%, respectively.

At the end of the follow-up period, five patients
were still alive and one patient was still receiving
apatinib treatment with no adjustments. The
median PFS and median OS of all patients treated
with apatinib as third-line (or later) therapy were
5.6 months [95% confidence interval (CI), 4.0-
7.2months] and 9.6months (95% CI, 7.0-
12.0months), respectively (Figure 1). Among
patients who were treated with apatinib, the PFS
of male patients was 6.9 months (95% CI, 4.8—
9.0), which was significantly longer than that of
female patients: 4.3months (95% CI, 0-3.9).
Moreover, the OS of male patients, 11.5 months
(95% CI, 8.3-14.7) was longer than that of
female patients [9.3 months (95% CI, 4.9-13.8)],
though the difference was not statistically signifi-
cant (Figure 2). No significant differences were

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 12

Table 1. Baseline patient characteristics.

Characteristics The treatment group The control group p value
n=36 n=34
n (%) n (%)
Gender
Male 21 (58.3) 20 (58.8) 0.967
Female 15 (41.7) 14 (41.2)
Age, years
<65 21 (58.3) 21(61.8) 0.770
=65 15 (41.7) 13(38.2)
Smoker
No 28 (77.8) 26 (76.5) 0.896
Yes 8(22.2) 8 (23.5)

ECOG performance status

<2 29 (80.6) 26 (76.5) 0.677
>2 7(19.4) 8 (23.5)

Pathology type

Squamous carcinoma 7 (19.4) 6(17.6) 0.847
Adenocarcinoma 29 (80.6) 29 (82.4)

EGFR status

Mutation 8(22.2) 7 (20.6) 0.978
Wild-type 13 (36.1) 13(38.2)

Unknown 15 (41.7) 14 (41.2)

ALK status

Negative 13 (36.1) 20 (58.8) 0.095
Positive 1(2.8) 2(5.9)

Unknown 22 (61.1) 12 (35.3)

Line of treatment

3rd line 21 (58.3)
4th line 11 (30.6)
5th line 4(11.1)

Brain metastases

No 28 (77.8) 28 (82.4) 0.632
Yes 8 (22.2) 6 (17.6)

Previous treatment 0.019
Targeted therapy 0(0.0) 5(7.1)

Chemotherapy 27 (38.6) 26 (37.1)

Targeted therapy + chemotherapy 9 (12.9) 3(4.3)

ALK, anaplastic lymphoma kinase; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor.
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Table 2. Tumour response.

Tumour response Number of patients (%)

CR 0 (0)

PR 8(22.2)
SD 20 (55.6)
PD 8(22.2)
ORR 8(22.2)
DCR 28 (77.8)

CR, complete response; DCR, disease control rate
(CR+ PR+ SDJ; ORR, objective response rate (CR + PRJ;
PD, progressive disease; PR, partial response; SD,
stable disease.

observed regarding PFS and OS between patients
with mutant and patients with wild-type EGFR
gene status (p=0.293 and 0.779, respectively)

(Figure 3). The PFS and OS of patients with dif-
ferent clinical features are shown in Table 3. The
median time to apatinib treatment was 11.7 months
from diagnosis (95% CI, 9.9—13.5 months), which
was significantly correlated with PFS (p=0.049).
The median OS of patients in the control group
was 3.8 months (95% CI, 2.5-5.1 months), which
was significantly shorter than the median OS of
patients in the treatment group (p<<0.0001)
(Figure 4). Furthermore, multivariate analysis
demonstrated that the use of apatinib was an
independent factor of OS for patients with
advanced NSCLC who received second-line and
later standard regimens (OS, HR=9.487; 95%
CI, 4.717-19.080, p<0.0001). The results are
listed in Table 4.

Safety
Most of the observed side effects were mild and
tolerable (Table 5). Apatinib was reduced to
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Figure 1. Kaplan-Meier estimates of the (a) progression-free survival (PFS) and (b) overall survival (0S) of
patients with advanced non-small-cell lung cancer receiving apatinib treatment.
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Figure 2. Kaplan-Meier estimates of the (a) progression-free survival (PFS) and (b) overall survival (0S) of

patients according to gender.
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Figure 3. Kaplan-Meier estimates of the (a) progression-free survival ([PFS] and (b] overall survival (0S) of
patients according to epidermal growth factor receptor gene status.

Table 3. Log-rank analysis of progression-free survival [PFS) and overall survival (OS] with different clinical

features in the apatinib group.

Characteristics mPFS in months (95% Cl)  pvalue mOS in months (95% Cl) p value
Gender
Male 6.9 (4.8-9.0) 0.009 11.5 (8.3-14.7) 0.960
Female 4.3 (0-3.9) 9.3 (4.9-13.8)
Age, years
<65 5.2(0.2-10.2) 0.546 9.6 (5.3-13.9) 0.906
=65 5.6 (4.0-7.2) 10.6 (8.0-13.2)
Smoker
No 5.2 (4.2-6.2) 0.596 11.5(7.8-15.3]) 0.797
Yes 6.4 (3.0-9.8) 9.3(9.1-9.5)
ECOG performance status
<2 5.1(2.6-7.5) 0.775 9.4 (9.0-9.8) 0.822
>2 5.6 (4.6-6.6) 11.7 (11.3-12.0)
Pathology type
Squamous carcinoma 5.0 (3.7-6.4) 0.766 10.6 (7.5-13.7) 0.51
Adenocarcinoma 5.6 (3.9-7.3) 9.6 (6.7-12.4)
EGFR status
Mutation 6.3(0.1-12.4) 0.293 9.6 (9.0-10.1) 0.779
Wild-type 7.0(3.9-10.2) 11.7 (4.1-19.3)
Unknown 5.1 (4.2-6.0) 9.4(7.0-11.8)

(Continued]
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Table 3. (Continued)

Characteristics mPFS in months (95% Cl)  pvalue mOS in months (95% Cl) p value
ALK status

Negative 5.1(2.2-7.9) 0.855 9.3(6.7-11.9) 0.441
Positive 6.9 11.8

Unknown 8.7 (3.6-7.6) 11.5 (8.4-14.7)

Line of treatment

3rd line 6.4 (3.8-9.0) 0.173 11.5(9.2-13.8) 0.261
4th line 4.5 (0-11.7) 7.9 (3.9-11.9)

5th line 5.0 (3.2-7.0) 9.6 (7.0-12.0)

Brain metastases

No 5.2 (4.2-6.2) 0.293 9.3(9.1-9.6) 0.694
Yes 6.9 (4.4-9.4) 11.7 (8.7-14.6)

Cl, confidence interval; ALK, anaplastic lymphoma kinase; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal
growth factor receptor; mOS, median overall survival; mPFS, median progression-free survival.
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Figure 4. Kaplan-Meier estimates of overall survival in the apatinib and control groups.

250mg/day in 12 patients because of adverse
events, primarily hypertension and hand—foot syn-
drome. Apatinib treatment was discontinued
because of intolerance in only two patients. The
most common adverse events were proteinuria
(44.4%), hypertension (30.6%), and hand—foot
syndrome (25.0%). The frequencies of grade 3/4
adverse events were as follows: hand—foot syn-
drome (13.9%); hypertension (5.6%); proteinuria
(2.8%); thrombocytopenia (2.8%); bleeding from

primary peptic ulcer (2.8%); and hepatic injury
(2.8%). The grade 4 hepatic injury was caused by
obstructive jaundice related to tumour compres-
sion rather than drug administration. No deaths
related to apatinib treatment were observed.

Discussion
This study assessed the efficacy and safety of
apatinib as third- or further-line therapy for
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Table 4. Multivariate analysis of overall survival.

Factors B SE HR 95% CI p
Gender -0.327 0.314 0.721 0.389-1.335 0.298
Group 2.250 0.356 9.487 4.717-19.080 0.000
Age 0.348 0.281 1.417 0.816-2.459 0.215
Smoke -0.383 0.351 0.682 0.342-1.358 0.276
Histology -0.474 0.372 0.622 0.300-1.291 0.203
EGFR mutation 0.978
Mutation -0.065 0.637 0.937 0.269-3.268 0.919
Wild-type 0.069 0.540 1.071 0.372-3.089 0.898
Cl, confidence interval; EGFR, epidermal growth factor receptor; HR, hazard ratio.
Table 5. Analysis of adverse events.

Adverse event Grade 1/2 Grade 3/4 Total

n (%) n (%) n (%)
Proteinuria 8(22.2) 1(2.8) 9 (25.0)
Hypertension 9 (25.0) 2 (5.6) 11 (30.6)
Hand-foot syndrome 11 (30.6) 5(13.9) 16 (44.4)
Hepatic injury 1(2.8) 1(2.8) 2 (5.6)
Thrombocytopenia 0 (0) 1(2.8) 1(2.8)
Oral ulcer 1(2.8) 0 (0) 1(2.8)
Anaemia 1(2.8) 0 (0) 1(2.8)
Bleeding from primary peptic ulcer 0(0) 1(2.8) 1(2.8)

patients with advanced NSCLC. The results
showed that the ORR was 22.2% and the DCR
was 77.8%. The median PFS was 5.6 months,
and the OS was 9.6 months. The median OS in
the apatinib group was significantly longer than
that in the control group (»p<0.0001).

Apatinib is a novel protein TKI that targets
VEGFR-2, c-kit, RET, and c¢-Src. VEGF-2 pro-
motes the proliferation of vascular endothelial cells
by activating the MAPK signalling pathway. By
blocking VEGFR-2, apatinib reduces MAPK acti-
vation, thus inhibiting vascular endothelial cell pro-
liferation.?5:26 Apatinib has been approved in China
for use in patients with advanced gastric cancer
who have already received at least two chemother-
apy drugs before progression or recurrence.?! In

addition, apatinib has demonstrated high efficacy
in the treatment of many other types of tumours,
including liver, lung, and bowel cancers.!2:21,23 A
study by Fang er al. demonstrated that apatinib was
more effective than single-agent chemotherapy in
the third- or further-line treatment of patients with
advanced NSCLC with wild-type EGFR.?2 In 36
patients, the ORR was 16.7% and the DCR was
75%. Moreover, the median OS and PFS were 8.2
and 4.5months, respectively. In another study by
Song er al., apatinib was used as salvage treatment
for patients with advanced NSCLC.25 While the
ORR was 9.5% and the DCR was 61.9%, the
median OS and PFS were 6.0 and 4.2months,
respectively. The present study resulted in an ORR
of 22.2% and a DCR of 77.8%, and the PFS and
OS were 5.6 and 9.6months, respectively. The
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ORR and PFS were slightly better than those
obtained in previous reports, and the DCR and OS
were similar.

Although the remission rate achieved with traditional
chemotherapy is high, traditional chemotherapy is
associated with distant metastasis and acquired
drug resistance.?’” Compared with traditional
chemotherapy, apatinib treatment yields longer
survival data (the median PFS and OS were 5.6
and 9.6 months, respectively),2® and the survival
data obtained with apatinib are close to that of
third-generation EGFR-TKIs.?° Interestingly,
the survival results obtained with apatinib
reported in the present study were longer than the
survival results obtained in a previous third-line
study of apatinib.5-25:29

The TKI anlotinib is another anti-angiogenesis
drug used in the treatment of NSCLC. Anlotinib
has also been shown to inhibit tumour angiogen-
esis and proliferative signalling. The AL TER0302
study demonstrated that anlotinib used as third-
line therapy for patients with advanced NSCLC
significantly prolonged PFS compared with that
of placebo, and the OS was longer than that of the
placebo group, though not significantly.® The
PFS and OS of our study were similar to the
ALTERO0302 study, but our study showed that
the OS was significantly longer than that of the
control group.

In the present study, the median OS in the apat-
inib group was significantly longer than that in
the control group, indicating that patients show-
ing tumour progression after second-line treat-
ment may benefit from apatinib treatment. The
ORR, DCR, PFS, and OS associated with apat-
inib were similar to those associated with anlo-
tinib, and our data were also similar to those
previously reported.?>39 Moreover, the time from
diagnosis to apatinib treatment was observed to
be positively correlated with PFS (p=0.049),
indicating that the longer the time from diagnosis
to apatinib treatment, the better the prognosis.
While the OS of male and female patients was
similar in this study (p =0.08), the PFS was longer
in male patients than in female patients
(p=0.002). The observed difference in PFS may
be attributed to the fact that seven male patients
had squamous cell carcinoma, whereas all female
patients had adenocarcinoma. No significant
association between survival and pathological
type was observed, probably because only seven
cases of squamous cell carcinoma were enrolled

compared with 29 cases of adenocarcinoma.
EGFR mutation status was also not significantly
associated with PFS or OS. In addition, age,
smoking history, performance status, pathological
type, line of therapy, and the presence of brain
metastases were not significantly correlated with
PFES or OS.

It has been reported that apatinib may reverse
EGFR-TKI resistance. Li er al. showed that apat-
inib exerted antitumour effects in patients with
advanced NSCLC exhibiting acquired resistance
to EGFR-TKIs.3° The ORR and DCR in the apat-
inib-treated patients were 25% and 100%, respec-
tively. The median PFS in the treatment group was
4.6 months, suggesting that EGFR-TKI and apat-
inib combination therapy may be an alternative
therapeutic approach for patients with acquired
resistance to EGFR-TKIs. A study by Fang ez al.
recommended apatinib as third- or further-line
therapy for patients with advanced NSCLC.22 In
our study, no significant differences were observed
regarding PFS or OS in patients with mutant or
wild-type EGFR. Our results suggest that further
studies are warranted to investigate whether apat-
inib should be used alone or in combination with
EGFR-TKIs in patients with acquired resistance to
EGFR-TKIs. Additional studies are also required
to confirm the effectiveness of apatinib in the treat-
ment of patients with advanced lung cancer.

There were no apatinib treatment-related deaths
in this study. The most frequent side effects
were hypertension, hand-foot syndrome, and
proteinuria.

Conclusion

Apatinib shows high efficacy and safety in the
treatment of patients with advanced NSCLC and
may represent a new therapeutic option. This
study confirmed that the administration of an ini-
tial dose of 500 mg/day apatinib caused only mild
or moderate adverse reactions in most cases. The
most frequent side effects were hypertension,
hand-foot syndrome, and proteinuria. Further
large-scale studies are required to determine
additional clinical effects of this drug. Moreover,
several important issues remain unresolved,
including the pathologies and gene status that
may benefit from this treatment and the effective-
ness of single-drug or combination regimens. In
addition, predictive indicators of efficacy are
required. Finally, new clinical studies should offer
further guidelines for clinical treatment.
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