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Apatinibisan oral TKI with antiangiogenic properties, and it is currently approved for the treatment of advanced
gastric cancer in China. This agent has also been tested in other human solid tumors, including non-small cell
lung cancer (NSCLC). Since the combination of chemotherapy and an antiangiogenic agent has been shown
to be afeasible strategy in NSCLC, it is conceivable that a similar approach combining apatinib with chemo-
therapy may yield clinical activity. With thisin mind, we investigated the efficiency of apatinib in combination
with pemetrexed or docetaxel in advanced NSCLC. We treated a total of 20 patients with metastatic NSCLC
adenocarcinomawith apatinib in combination with either pemetrexed or docetaxel from January 2016 to March
2017. The performance status of these patients was 0 or 1. All of these patients had been previously treated
with two or more lines of treatment and had experienced disease progression prior to study enrollment. The
overall objective response rate (ORR) was 30%, with 6 patients who had partial response (PR), 10 patientswho
had stable disease (SD), and 4 patients who had progressive disease (PD). The main adverse events were skin
rash, hypertension, palmar—plantar erythrodysesthesia syndrome, diarrhea, and fatigue. Nearly 30% of patients
required interruption of treatment as a result of toxicity. Our study demonstrated that apatinib combined with
systemic cytotoxic chemotherapy has clinical efficacy in patients with disease-refractory metastatic NSCLC

and provides evidence for further studies investigating apatinib-based combination regimens.
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INTRODUCTION

Lung cancer is the most common malignancy with
the highest incidence worldwide, and non-small cell lung
cancer (NSCLC) remains the most common histopatho-
logic subtype. Although advanced NSCL C remainsincur-
able, significant progress has been made over the past
10-15 years to improve clinical efficacy with improve-
ments in progression-free survival (PFS) and overall sur-
vival (OS). The rapid development of molecular targeted
therapy and immunotherapy highlights the significant
advances that have been made. Currently, it is commonly
recognized that in the era of precision medicine, a portion
of patients who harbor specific genetic abnormalities may
benefit from targeted therapies. However, there remain a
significant number of patients whose tumors harbor no
specific target, and in this setting chemotherapy remains

the only treatment option®. With modern platinum-based
chemotherapy, the median OS is only approximately
10 months. Fortunately, further trials proved that the
combination of chemotherapy and antiangiogenesis, such
as nintedanib?, ramucirumab®, and others™®, isableto fur-
ther improve the treatment efficacy, which provide evi-
dence for the tremendous potential of the combination of
antiangiogenic agents and chemotherapy in the future.
Apatinib is a small molecule that targets the vascu-
lar endothelial growth factor receptor 2 (VEGFR-2)-
associated tyrosine kinase, and it is the first oral tyrosine
kinase inhibitor (TKI) that has been approved for gastric
cancer in China’®. Preclinica studies have demonstrated
that apatinib also displays anticancer activity against
several other human cancers, including NSCLC*™. In
addition, apatinib has demonstrated clinical activity in
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patients with NSCLC, albeit in small case reports“™.
With thisin mind, we retrospectively analyzed the clinical
efficacy of advanced NSCLC patients who had received
apatinib in combination with systemic chemotherapy
after two or more lines of systemic treatment. The goal
of this study was to investigate the clinical activity and
safety profile of the combination of apatinib and chemo-
therapy in advanced NSCLC.

MATERIALSAND METHODS
Inclusion and Exclusion Criteria

Patients between 18 and 70 years of age with histo-
logically confirmed advanced NSCLC were eligible for
study enrollment. Enrollment criteria included prior lack
of response or intolerance to at least two systemic che-
motherapy regimens (including both doublet platinum
regimen), and confirmation of drug resistance was neces-
sary for patients who have accepted EGFR TKI therapy
previously. Before disease progression, no patient had
accepted immune checkpoint therapy such as anti-PD-1
or anti-CTLA-4. The criteria for disease progression on
systemic chemotherapy or targeted therapy were based
on computed tomography (CT) and magnetic resonance
imaging (MRI) evauation. The study allowed recruit-
ment of patients who were intolerant to second-line che-
motherapy, as there are no alternative therapeutic options
for these patients. Additional enrollment criteria were
as follows: at least one measurable lesion as defined by
RECIST; an Eastern Cooperative Oncology Group per-
formance status of 0 or 1; and acceptable hematologic,
hepatic, and rena function. Exclusion criteria included
history of hemoptysis (one-half teaspoon of bright red
blood in the 3 months before enrollment), tumor invading
major blood vessels, asymptomatic central nervous sys-
tem (CNS) metastases, and uncontrolled hypertension.
Current or recent (within 10 days of first apatinib dose)
use of full-dose anticoagulants or a thrombolytic agent
for therapeutic purposes was not permitted, but prophy-
lactic use of anticoagulants was allowed.

Molecular Analysis

All patients underwent CT-guided needle aspiration
for diagnosis. Once the diagnosis was confirmed patho-
logically, part of the sample was used for multiple gene
detection, such as EGFR, ALK, c-Met, and K-RAS.
Molecular analysiswas performed using well-established
sequencing methods.

Drug Administration

All patients had previously received two or more lines
of systemic chemotherapy. Once disease progression or
drug resistance was confirmed, systemic chemotherapy
was administered using standard drug doses of pem-
etrexed and docetaxel, which were 500 and 75 mg/n,
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respectively. The recommended dosage of apatinib was
500 mg PO given on a daily basis. Drug interruption or
drug discontinuation can be performed once grade 3 or 4
toxicity occurs; the period for drug interruption was not
more than 1 week, and for drug reduction the dosage was
gradually reduced from 500 to 250 mg. The minimum
dosage for apatinib was 250 mg PO once a day. Apatinib
was given simultaneously with chemotherapy. Each cycle
period was 28 days.

With regard to the concrete drug combination, 10
patients accepted the combination therapy of pemetrexed
and apatinib, while docetaxel plus apatinib was admin-
istrated to six patients. The objective response rates
(ORRs) were 40% and 33% for each subgroup, with 4
and 2 patients with partial response (PR), respectively.
Although the efficiency brought about by the former regi-
men seems to be relatively higher than the latter, because
of the limitation of sample sizeitisstill too early to draw
apositive conclusion.

Evaluation of Clinical Activity

To be considered evaluable for clinical activity, all
patients had to have received at least one cycle of ther-
apy. Either chest CT or chest MRI scans were performed
every 4 weeks. The main criterion was RECIST 1.0. The
ORR was the ratio of complete response (CR) plus PR
patients and total patients, and the disease control rate
(DCR) was the ratio of nonprogressive disease (PD)
patients and total patients.

Satistical Analysis

The progression-free survival (PFS) and overall
survival (OS) analysis was performed by using SPSS
13.0, and the corresponding figures were drawn by using
GraphPad Prism 5.0. A value of p£0.05 was regarded
as statistically significant.

RESULTS
Patient Characteristics

In our study, atotal of 20 advanced NSCLC patients
with adenocarcinoma were enrolled. All of them had
previously received two or more lines of systemic treat-
ment. The performance status of these patients was O
or 1. In this 20-patient cohort, 9 patients were female
and 11 were male, and the mean age was 61 years. Most
of these patients had EGFR wild type; six patients with
EGFR mutation had disease progression after first-
line TKI treatment. Most of the female patients were
nonsmokers, while al of the male patients were heavy
smokers (see Table 1).

Previous Treatment

Most of these patients with EGFR wild type had previ-
ously received two or more lines of treatment of systemic
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Table 1. Patient Demographics and Characteristics
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Patient No. Gender Age Stage Metastasis Status Gene Profile PFS (Months) Response
1 Mae 68 v Pleural c-Met (+,15%) 1 PD
2 Female 45 v Brain c-Met (+,25%) 4 PR
3 Male 56 v Pleural c-Met (+,40%) 3 SD
4 Mae 48 v Liver EGFR wt 6 PR
5 Female 64 v Liver EGFR del 19 4 SD
6 Female 61 v Pleural EGFR wt 6 PR
7 Mae 58 v Lung EGFR L858R 3 SD
8 Male 65 v Liver EGFR L858R 5 PR
9 Male 57 v Liver c-Met (+,40%) 1 PD
10 Mae 63 v Liver c-Met (+,35%) 1 PD
11 Female 53 v Lung EGFR wt 1 PD
12 Female 36 v Pleural and bone EGFR wt 7 PR
13 Male 61 v Lung and pleural EGFR wt 3 SD
14 Male 70 v Pleural EGFR wt 2 SD
15 Female 63 v Pleural EGFR L858R 5 PR
16 Female 48 v Lung and bone EGFR wt 2 SD
17 Mae 62 v Bone EGFR L858R 3 SD
18 Male 65 v Brain c-Met (+,30%) 2 SD
19 Female 61 v Bone EGFR L858R 3 SD
20 Female 56 v Brain and bone EGFR wt 2 SD

PFS, progression free survival; EGFR, epithelial growth factor receptor; wt, wild type; SD, stable disease; PR, partia response;

PD, progressive disease.

chemotherapy. The most common first-line treatment
regimen was pemetrexed plus platinum, and the main
agents used in the second-line setting were docetaxel and
gemcitabine. All of the EGFR mutated patients had pre-
viously received first-line TKI treatment, and the muta-
tion profile of these patients included exon 19 Del (one
patient), exon 21 L858R mutation (five patients), and
c-Met amplification (six patients). The targeted therapies
used for the first-line treatment of these patients were
icotinib, erlotinib, or gefitinib. After disease progression,
al of these patients underwent subsequent molecular
testing. The patients who had T790M mutation accepted
AZD9291 treatment directly, and the other patients chose
chemotherapy. The regimens were basically similar to
those of patients with EGFR wild type (see Table 1).

Clinical Activity

All patients had accepted at least one cycle treat-
ment; the mean treatment line of apatinib was three. Our
efficiency analysis indicated that no patient had CR, 6
patients had PR, 10 patients had SD, and 4 had disease
progression. The ORR was 30%, the mean PFS was
3.0 months, and the disease control ratio was nearly 80%.
The OS data are not yet matured (see Table 2 and Fig. 1).

Toxicity
In general, the combination of apatinib plus systemic

chemotherapy was relatively well tolerated. The most
common treatment-related hematologic side effects were

leucopenia, neutropenia, anemia, and thrombocytopenia.
The nonhematol ogic toxicities were fatigue, proteinuria,
hypertension, hand-foot syndrome (HFS), abdominal
pain, decreased appetite, diarrhea, and elevated transami-
nases. In the large mgjority of cases, these were low-
grade toxicities, and the incidence of grade 3/4 toxicity
was extremely low. The mean dose of apatinib that was
administered in this study was 500 mg PO once a day.
Fifty percent of patients required drug interruption as a
result of toxicity, and 30% of patients had the drug dis-
continued. As seen in Table 3, the mgjor adverse events
(AEs) were leukopenia, neutropenia, HFS, proteinuria,
hypertension, and stomatitis. In the large majority of
cases, the AEs were prevented and/or reduced by imple-
menting supportive care therapies.

Table 2. Clinical Activity of Apatinib Plus Systemic
Chemotherapy

Patient No. %
Complete response 0 0
Partial response 6 30%
Stable disease 10 50%
Progressive disease 4 20%
Objective response rate 30%
Median progression-free 3.0 months
survival
Disease control rate 80%
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Figure 1. Progression-free survival (PSF).

Molecular Biomarkers

Most of these patients had accepted multiple gene
detection, such as EGFR, ALK, BRAF, c-Met, ROS1,
and RET. Besides EGFR mutation, c-Met amplification
was the main molecular ateration observed. Six patients
had c-Met amplification, with varied amplification ratio

Table 3. Anadysisof Adverse Events

Apatinib Plus
Chemotherapy [n (%)]
Adverse Event Any Grade  Grade3or 4
Hematological
Leukopenia 8 (40%) 1 (5%)
Neutropenia 6 (30%) 1 (5%)
Anemia 4 (20%) 0(0)
Thrombocytopenia 3 (15%) 0(0)
Nonhematologic
Proteinuria 4 (20%) 1 (5%)
Hypertension 9 (45%) 1 (10%)
Hand-foot syndrome 5 (25%) 2 (10%)
Elevated transaminase 3 (15%) 1 (5%)

Hyperbilirubinemia 2 (10%) 0(0)

Bleeding 2 (10%) 0(0)
Fatigue 11 (55%) 0(0)
ALPincreased 1 (5%) 0(0)
Elevated GGT 1 (5%) 0(0)
Abdominal pain 4 (20%) 0(0)
Decreased appetite 6 (30%) 0(0)
Hypoproteinemia 1 (5%) 0(0)
Diarrhea 4 (20%) 0(0)
Elevated LDH 1 (5%) 0(0)
Oral ulcer 1 (5%) 0(0)
Stomatitis 1 (5%) 1 (5%)
Dysphagia 1 (5%) 0(0)
Dysphonia 2 (10%) 0(0)
Rash 2 (10%) 0(0)

Adverse events are listed if they were reported in at least 5%
of patients in either treatment group. ALP, alkaline phosphatase;
GGT, g-glutamyl transferase; L DH, lactate dehydrogenase.
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Figure 2. Comparison of PFS in female and male patients.

from 15% to 40%; subgroup analysis indicated no PFS
difference existed between male and female patients (see
Fig. 2). Surprisingly, patients with c-Met amplifications
showed a lower response rate toward apatinib, with the
median PFS (mPFS) being only 1.5 months. In contrast,
a higher clinical activity was observed for patients with
EGFR mutations (MPFS=3.5 months), suggesting that
the underlying gene mutation profile may predict the clin-
ical efficacy of apatinib treatment (see Fig. 3). However,
the conclusions above need to be further proven in large,
prospective trials. Moreover, most of the six patients
who had PR experienced serious skin reactions, such as
rash and oral ulcer, indicating that the severe skin reac-
tion might be utilized as a potential pharmacodynamic
biomarker to predict clinical efficacy.

DISCUSSION

With the increasing focus on precision medicine and
the continued expansion on the number of targeted agents,
targeted therapies have become an important treatment
option for patients with a wide range of human cancers'.
However, to date, there remain only a small handful of
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Figure 3. Comparison of PFS in patients with different gene
profiles.
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human cancers for which there are potentially action-
able mutations, and these cancer types include NSCLC,
melanoma, breast cancer, and ovarian cancer. The appli-
cation of drugs targeting so-called oncogenic driver
mutations has greatly changed the landscape of cancer
treatment. It is now widely accepted that TKIs are the
first choice for NSCLC patients with EGFR mutations,
ALK translocation, and ROS1 amplification™.

The process of angiogenesis has been viewed as
important for the growth of primary tumors as well as
metastatic disease, and significant efforts have focused
on developing either antibodies or small molecules that
inhibit key angiogenic signaling pathways. The VEGF
signaling pathway has been most intensely studied to
date, and there are now several anti-VEGF agents that
are used to treat a wide range of human cancers, includ-
ing colorectal cancer (CRC)®, NSCLC?, ovarian cancer,
and renal cell carcinoma. These anti-VEGF agents are
used either alone (apatinib for gastric cancer, sorafenib
for RCC) or in combination with other systemic thera-
pies (bevacizumab, aflibercept, and ramucirumab com-
bined with FOLFIRI chemotherapy for metastatic CRC).
From the perspective of drug application, antiangio-
genesis therapies now account for nearly one third of
the targeted therapies that have been approved by the
Food and Drug Administration (FDA) since 2005'°.

With respect to NSCL C, antiangiogenesis therapies are
used in both the first- and second-line trestment settings.
There are three antiangiogenic drugs that are currently
approved in NSCLC by the FDA, and they include beva-
cizumab®, ramucirumab®, and nintedanib?. An antiangio-
genesis strategy may be especially useful for patients with
no specific driver mutations or for those who have disease
progression on TK| treatment™. Moreover, for NSCLC and
CRC, there is compelling evidence for the enhanced effi-
cacy of combination regimens that include systemic che-
motherapy plus an antiangiogenic agent. Although these
strategies have been shown to be effective in the clinic,
further work needs to be done with respect to drug selec-
tion, optimal drug combination, and dose and sequencing
of agents to further improve the treatment efficacy™.

Apatinib is an interesting small molecule that targets
the VEGFR-2-associated tyrosine kinase". It was first
approved by the Chinese FDA for the treatment of gas-
tric cancer”® and is being tested in other human cancers,
including breast cancer and hepatocellular cancer. While
apatinib has demonstrated clinical activity in these various
cancers, most of these studies are small case reports. Our
own group discovered that the combination of apatinib and
pemetrexed/docetaxel had clinical activity in advanced
NSCLC in the second- and third-line treatment settings.
With a PFS of 2.8 months, apatinib has shown a clini-
cal efficacy equivalent to ramucirumab and nintedanib®®.
However, apatinib is associated with a much higher ORR
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than these other anti-VEGF agents. In other clinica studies
testing apatinib in gastric cancer, glioma, or ovarian can-
cer, the ORR has been reported to be less than 10%, yet the
MPFS is comparable to what we report herein. This find-
ing suggests that PFS may be the better parameter to judge
clinical efficacy, which is similar to what is now being
used to assess clinical efficacy of anti-PD-1/L 1 treatment’®.

One of the potential shortcomings of our study was
the relatively small sample size (only 20 patients were
included). It is possible that with the size increase of sim-
ilar studies, the PFS of the combination of apatinib and
chemotherapy would be improved obviously. Although
our study was retrospective in nature, we had carefully
analyzed the patient characteristics, and there were no
significant patient imbalances that might have skewed
the study results. Our patients experience the typical AES
associated with antiangiogenic drugs, such as hyperten-
sion, proteinuria, HFS, and gastrointestina (Gl) toxicity.
Although about 30% of our patients required an interrup-
tion in drug administration, most of these common AEs
were well tolerated, and the appropriate management
of these AEs ensures the continued treatment of these
patients.

The identification of key predictive biomarkers is
critical for the development of targeted therapies. With
this in mind, we attempted to explore the potential
association between apatinib clinical efficacy and vari-
ous mutational events, such as EGFR, c-Met, RET, and
others. While our molecular analysis identified higher
c-Met amplification in our patients, we were unable to
detect an association between clinical efficacy of apatinib
and the expression level of c-Met amplification. Asit is
now well established that other antiangiogenic inhibitors,
such as sorafenib, sunitinib, and cabozantinib®™, target
a wide range of signaling pathways beyond VEGF, it is
certainly conceivable that apatinib may also target addi-
tional signaling pathways beyond VEGFR-2. Moreover,
as in the case of bevacizumab and ramucirumab, apa-
tinib may enhance the clinical activity of systemic
chemotherapy by enhancing tumor blood flow delivery.

In addition to NSCLC, the combination of apatinib
and capecitabine has demonstrated clinical activity in the
maintenance therapy of ovarian cancer®. Currently, the
combination of apatinib and chemotherapy is being tested
in 30 different clinical trials in various tumor types. With
respect to NSCL C, low-dose apatinib is being combined
with the fluoropyrimidine S-1 in patients with advanced
NSCLC (NCT02829385), and apatinib at a dose of
500 mg is being studied in combination with docetaxel
(60 mg/m?) in advanced NSCL C (NCT02780778).

One observation resulting from our study relates to the
fact that most of the patients who were found to have had
a PR to therapy experience severe skin reactions. This
finding suggests that the intensity of the skin reaction has
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the potential to serve as a pharmacodynamic biomarker
to predict the clinical activity of apatinib®#. However,
because of the limited size of our study, further work is
required to explore the therapeutic potential of apatinib
in combination with systemic chemotherapy and to iden-
tify potential molecular and/or pharmacodynamic bio-
markers that can be used to identify the subset of patients
who would respond to apatinib-based regimens®%.
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