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Objectives: The NCCN guidelines recommend that the addition of bevacizumab should
be considered in metastatic breast cancers in some circumstances, but there are no
recommendations for the similar antiangiogenic drug apatinib. The aim of this study was to
evaluate the safety and efficacy of apatinib in metastatic breast cancer patients pretreated
with multiline treatment in a real-world setting.

Materials and Methods: Metastatic breast cancer patients pretreated with multiline
treatment who had apatinib treatment initiated from September 2015 to August 2019 at
Shandong Cancer Hospital and Institute were included. The primary endpoints included
PFS and OS, and the secondary endpoint was treatment-related toxicity.

Results: A total of 66 patients with metastatic breast cancer received apatinib treatment
after failure of multiline chemotherapy in this study. The median PFS and OS of all 66
patients were 6.0 months and 10.0 months, respectively. The clinical beneficial rate was
40.9%. All patients tolerated treatment well, and no patients died of toxicity. The common
toxicities of apatinib were hand and foot syndrome, secondary hypertension and fatigue
events. The number of prior chemotherapy regimens was significantly associated with
DFS and OS. Capecitabine may be a better choice for combination with a longer median
OS of 19 months, while apatinib combined with other drugs was 9 months, and the
apatinib monotherapy was 10 months.

Conclusion: Apatinib produced moderate efficacy in metastatic breast cancer patients
pretreated with multiline treatment with no significant treatment-related adverse events.
Apatinib might be a choice for women as a maintenance salvage therapy following
multiline chemotherapy failure.
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INTRODUCTION

The incidence of breast cancer in the world was 1.9 million in
2017 in women, with an annual mortality of 601000 accounting
for the number of deaths in females. Four percent of newly
diagnosed breast cancer patients present with metastatic
disease (1), which is associated with a poor prognosis and a
median overall survival (OS) less than 3 years despite treatment
(2). For metastatic breast cancer patients pretreated with
multiline treatment with drug resistance to chemotherapy, it is
a considerable challenge to choose an appropriate treatment due
to the lack of standard treatment (3). Angiogenesis is closely
associated with tumor growth and metastasis (4). As the first
anti-VEGF agent, bevacizumab was recommended in the 2019
NCCN guidelines in certain circumstances because of the
improved PFS in randomized clinical trials with the addition
of bevacizumab to some first- or second-line treatments for
metastatic breast cancer (5). This evidence suggests that anti-
angiogenic drugs may be effective in a certain subtype of breast
cancer patients.

Apatinib is a novel VEGFR inhibitor that targets VEGFR-2,
which contributes to angiogenesis. It was first recommended in
advanced gastric or gastroesophageal junction adenocarcinoma
patients in 2014 (6), and it has also been studied in liver cancer,
cervical cancer, and lung cancer (7–9). A previous phase II
clinical trial showed the efficacy and safety of apatinib
monotherapy in metastatic heavily pretreated TNBC patients
(10). There is only a small real-world study on the efficacy and
safety of apatinib in 85 patients with advanced breast cancer (11).
It is necessary to evaluate the effects of apatinib in breast cancer
patients more accurately in a real-world setting.

We present this study to conduct a retrospective evaluation of
the efficacy and toxicity of apatinib monotherapy or apatinib
combined with other chemotherapeutic drugs after heavy
pretreatment chemotherapy as a rescue in metastatic breast
cancer in clinical practice.
MATERIALS AND METHODS

Patients
In this study, we retrospectively collected clinicopathological
information and follow-up records from 66 breast cancer
patients who received apatinib treatment between September
2015 and August 2019 at the Shandong Cancer Hospital and
Institute. Patients who had finished more than one month of
apatinib treatment were included in this study. The last follow-up
date was February 2020. This study obtained approval from the
Ethics Committee of the Shandong Cancer Hospital and Institute
and was approved to meet the standard of clinical practice.

The criteria for enrollment in the group were as follows: age ≥
18 years; pathologically confirmed breast cancer with local or
distant organ metastasis; apatinib regimen administered after
failure of second-line rescue chemotherapy; and patients with
follow-up records. All patients were given apatinib orally as a
daily monotherapy or in combination with chemotherapeutic
Frontiers in Oncology | www.frontiersin.org 2
drugs. The drug dose varied according to the physical condition
of the individual, and 850 mg, 500 mg, 425 mg, and 250 mg
doses were used. The dose was eventually reduced to 250 mg
for patients with intolerant side effects for high-dose
apatinib. Assessments were evaluated every two or three rescue
treatments. Disease-free survival (DFS) was defined as the time
from the oral administration of apatinib to the first progression
and was assessed per the RECIST criteria of the disease (12). The
OS was considered the interval from the oral administration of
apatinib until death.

Statistical Analysis
Categorical and continuous variables are reported as frequencies
and the mean/median with standard deviation, respectively. OS
and PFS were plotted with Kaplan-Meier curves, which were
compared with log-rank tests. A Cox proportional hazard ratio
regression model was used to determine predictors of survival;
statistically significant variables in the univariate analyses were
then analyzed with a stepwise multivariate analysis. SPSS
statistics version 17.0 or GraphPad Prism version 8.0 were
used for all statistical analyses.
RESULTS

Patient Characteristics
A total of 66metastatic breast cancer patients treated with apatinib
were included. The clinical beneficial rate (CBR) was 40.9% (27/
66), with a median PFS of 6.0 months and a median OS of 10.0
months. The characteristics of clinical data and some
hematological results at baseline are summarized in Table 1.
The median age at first diagnosis of breast cancer was 45 years
(ranging between 28 and 70 years). TNBC patients accounted for
48.5% (32/66). Approximately 66.7% (44/66) of patients were
premenopausal women at first diagnosis. The ECOG status was
0–1 in 39 patients (59.1%) and 2 in 21 patients (31.8%). At the first
diagnosis, 51.5% patients were diagnosed with stage I-II disease,
39.4% with stage III disease, and 9.1% with stage IV disease. The
majority of primary recurrences occurred in the viscera or bone
(83.3%). Before apatinib treatment, there was more than one organ
metastasis (60.6%), including liver metastasis in 20 cases (30.3%),
brain metastasis in 12 cases (18.2%), lung metastasis in 46 cases
(69.7%), bone metastasis in 34 cases (51.5%), and lymph node
metastasis in 39 cases (59.1%). The patients who received the
lowest dose of 250 mg of apatinib accounted for 66.7%. Of the 22
patients who were treated with apatinib at a dose of 425 mg, 500
mg or 850mg. 13 patients were eventually given a reduction to 250
mg because of side effects. Approximately 33.3% were treated with
apatinib alone.

Treatment-Related Adverse Events
Most patients were treated with the lowest dose of 250 mg of
apatinib (66.7%). Among patients treated with high doses, 59.1%
patients (13/22) were treated with a reduction to 250 mg of
apatinib. All patients tolerated treatment well without toxicity-
related death. Grade 1–2 toxicities were the common; the rate of
June 2021 | Volume 11 | Article 643654
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grade 3 toxicity was 10.6% (7/66). Grade 4 toxicity was
not observed. Hand and foot syndrome (25.8%), secondary
hypertension (22.7%), fatigue (16.7%), and pain (13.6%) events
were the common toxicities (Table 2).
Frontiers in Oncology | www.frontiersin.org 3
Factors Correlated With PFS and OS
The median PFS of all 66 patients was 6.0 months (95%CI, 5.249-
6.751). The median OS of all 66 patients was 10.0 months (95%
CI, 8.104-11.896) (Figure 1). As shown in Table 3, in the
multivariate analysis, the number of prior chemotherapy
regimens was significantly associated with DFS (P = 0.028) and
OS (P = 0.002). Brain metastasis (P = 0.045) was significant in the
univariate analysis but did not retain significance in the
multivariate analysis of PFS. The neutrophil-to-lymphocyte
ratio (NLR) (P = 0.0001), subtype (P = 0.048), number of
organs involved in the primary recurrence (P = 0.033), and
number of organs involved before apatinib treatment (P = 0.048)
were significant in the univariate analysis but not in the
multivariate analysis of OS.

The Kaplan-Meier curves for PFS and OS based on the NLR,
number of organs involved in the primary recurrence, number of
organs involved before apatinib treatment, are displayed in Figure
2. The Kaplan-Meier curves for PFS and OS based on the brain
metastasis and the different combined methods are displayed in
Figure 3. InTable 4, a number of prior chemotherapy regimens less
than or equal to 3 seemed to be associated with a longer PFS (9 vs. 6
months, P = 0.0017) or OS (17 vs. 8 months, P < 0.0001). Patients
withbrainmetastasis had apoorerprognosis in termsofDFS (5 vs. 6
months, P = 0.0472) and OS (6.5 vs. 10.0 months, P=0.0303). The
patients with an NLR>3.78 (P=0.0221), a number of organs in
primary recurrence>1 (P = 0.0238), a number of organs >1 before
apatinib (P = 0.0365), had a poorer OS (P < 0.05). Apatinib were
shown to have more benefit when used in combination with
capecitabine compared with apatinib monotherapy or combined
with other drugs. When apatinib combined with capecitabine, the
median OS was 19 months, while apatinib combined with other
drugswas 9months, and the apatinibmonotherapywas 10months.

The patients who achieved clinical benefits had a better
prognosis with the median OS and PFS were 12 months and 9
months while the patients with no clinical benefits was 8 months
and 4 months (all P < 0.05, Table 4).
DISCUSSION

Metastaticbreast cancer is an incurablediseasewithamediansurvival
time of 2-3 years, and failure after more than second-line therapy
chemotherapy often means a poor prognosis, with a median PFS of
less than 4.2 months with traditional chemotherapy (13, 14). The
metastatic breast cancer patients treated with single chemotherapy
TABLE 1 | Patient characteristics.

Characteristics Number N = 66 Percentage (%)

ECOG performance status
0-1 39 59.1
2 21 31.8
3 6 9.1
Stage disease of first diagnosis
I-II 34 51.5
III 26 39.4
IV 6 9.1
Histology
Invasive cancer 59 89.4
No Invasive cancer 7 10.6
Subtype
TNBC 32 48.5
No-TNBC 34 51.5
Site of primary recurrence
Local 11 16.7
Viscera or bone 55 83.3
Number of organs in primary recurrence
≤1 42 63.6
>1 24 36.4
Number of organs before apatinib
≤1 26 39.4
>1 40 60.6
First-line rescue effect
PD 27 40.9
PR/SD 39 59.1
Number of prior chemotherapy regimens
≤3 23 34.8
>3 43 65.2
Metastasis site before apatinib
Liver 20 30.3
Brain 12 18.2
Lung 46 69.7
Bone 34 51.5
Nodes 39 59.1
other 6 9.1
Apatinib dose (mg)
250/ reduce the amount to 250 44/13 66.7/19.7
425/500/850 22 33.3
Dose reduction
Yes 13 19.7
No 53 80.3
Apatinib monotherapy
Yes 22 33.3
No 44 66.7
United capecitabine
Yes 14 21.2
Other 30 45.5
alone 22 33.3
Age, years 45.61±10.88
Ki67 40.52±26.65
Month interval between initial recurrence 35.55±40.56
NLR 3.77±3.48
PLR 231.32±156.52
WBC, ×109 5.63±2.65
Mononuclear cell, ×109 0.52±0.34
RBC, ×1012 5.13±8.99
Hemoglobin 120.26±14.43
TABLE 2 | Treatment-Related Toxicities.

Adverse Event Grade1-2 Grade3

Hand and foot syndrome 17 (25.8%) 4 (6.1%)
Secondary hypertension 15 (22.7%) 2 (3.0%)
Fatigue 11 (16.7%) 1 (1.5%)
Pain 9 (13.6%) 0
Oral mucositis 5 (7.6%) 0
Diarrhea 3 (4.5%) 0
Liver dysfunction 2 (3.0%) 0
Nausea 2(3.0%) 0
Hemorrhage 2(3.0%) 0
Jun
e 2021 | Volume 11 | Article
 643654

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Liu et al. Apatinib Efficacy in Breast Cancer
thathadnotbeenusedbeforehad shownPFSof 2-5months (15).The
development andprogressive growthof the tumor is closely related to
the aberrant process of angiogenesis (16). It may be an important
treatment approach to inhibit tumor angiogenesis (17). VEGFR2 is
involved in pro-angiogenic signaling and promotes the formation of
lymphatic vessels and blood vessels (18). Apatinib, an oral tyrosine
kinase inhibitor targeting VEGFR2, plays a vital role in tumor
angiogenesis. It was reported that apatinib inhibits proliferation
and migration via an anti-angiogenic mechanism not by direct
inhibition of the tumor cells (19). Preclinical data have shown that
apatinib inhibited the growth of xenograft tumors either alone or in
combination with chemotherapeutic drugs (20). Clinically, apatinib
monotherapy or apatinib in combination with chemotherapy is an
alternative therapy.

Apatinib was first approved to be used in the treatment of
advanced or metastatic gastric cancer by the Chinese Food and
Drug Administration in 2014 with the prolonged median PFS
and OS compared with placebo in prospective phase 2 and 3
trials and real-world studies (21, 22). There are also limited
clinical trials in other advanced or metastatic cancers, such as
lung cancer, liver cancer, colorectal cancer, osteogenic sarcoma,
and breast cancer (9, 23–25). A prospective study reported that
apatinib had encouraging clinical activity with a median PFS of
Frontiers in Oncology | www.frontiersin.org 4
5.4 months and a median OS of 10.0 months in extensive-stage
small-cell lung cancer patients who had more than two prior
chemotherapy treatment failures with manageable toxicity (26).
The combination of an anti-PD-1 antibody (SHR-1210) and
apatinib (250 mg) treatment showed promising efficacy with
acceptable toxicity in patients with hepatocellular carcinoma,
gastric cancer, esophagogastric junction cancer, and advanced
non-squamous NSCLC by modulating tumor immune
microenvironment (27, 28). A retrospective study of 23 metastatic
colorectal cancer patients demonstrated that the combination of
apatinib with chemotherapy was more effective treatment than
apatinib monotherapy (29, 30).

Our results were nearly consistent with the clinical trials and
current observational study with the median PFS and OS were
6.0 months and 10.0 months, respectively. Two phase II clinical
trials on the use of apatinib in metastatic breast cancer were
published in 2014 (10, 31). The dose of 500 mg of apatinib was
safe, and the partial response rate was encouraging in metastatic
TNBC and non-triple-negative breast cancer. In this prospective
clinical trial, the median PFS and median OS were 3.3 months
and 10.6 months, respectively, and the CBR was 25.0% in heavily
pretreated metastatic TNBC patients (10). In the current
observational study, metastatic breast cancer patients who were
A B

DC

FIGURE 1 | Kaplan–Meier curve of PFS and OS for all 66 patients. (A, B) Black-dotted lines represent 95% confidence intervals (CIs). (C, D) The association with
the number of prior chemotherapy regimens and DFS and OS.
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considered intolerant for standard treatments before apatinib
treatment achieved a median PFS of 4.9 months and OS of 10.3
months (32). In our retrospective study, we found that the CBR
was 40.9%, with a median PFS of 6.0 months and a median OS of
10.0 months in all 66 patients. The effect on the CBR and PFS
were slightly better than those in phase II clinical trials and the
observational, which may be due to the difference in treatment
regimens. In this study, most patients received apatinib
combined with chemotherapy, while phase II clinical trials and
the observational only used apatinib alone, indicating that the
combination of chemotherapy and apatinib is better than
apatinib monotherapy, despite the fact that direct numerical
comparison may not be appropriate.

Itmayprovide better effectwith the combination of apatinib and
conventional chemotherapy for advanced breast cancer patients
following multiline chemotherapy failure (33). According to the
results of a preclinical study, apatinib reduces neovascularization
while inducing normalization of tumor blood vessels and
facilitating the delivery of cytotoxic drugs (20). We conclude that
apatinib combined with chemotherapy drugs might offer a more
effective treatment option than single-agent therapy, and apatinib
combined with capecitabine was first recommended in metastatic
patients. However, it is possible that most of the patients treated in
combination with capecitabine had not been treated with
capecitabine before when they received the rescue chemotherapy,
and thenumberof lines of treatmentwithapatinibwas less than that
of capecitabine combined with other drugs. More clinical trials are
needed for further verification.

In this real-world retrospective study, the differences in
chemotherapy drugs may increase the occurrence of toxicity.
However, all patients were tolerated treatment well, and no
patients died of AEs. The most frequent toxicities of apatinib in
this study were hand and foot syndrome, secondary hypertension,
fatigue, and pain events. Most patients were treated with the lowest
dose of 250mg of apatinib in this study, and of the 22 patients who
were treatedwith apatinib at a dose of 425mg, 500mgor 850mg, 13
patientswere eventually given a reduction to 250mgbecause of side
effects. The lower dose of apatinibused in this retrospective research
was effective, and the prognosis was not worse than that in some
high-dose studies that used 500 mg/day (10, 31). Although it has
been reported that the toxicity of 500 mg apatinib is tolerable, our
research found that for patients who have receivedmultiline rescue
chemotherapy at a later stage,manypatientsmay require a lowdose
of 250 mg for maintenance because of poor individual status.

We found the nearly efficacy and safety of the apatinib
therapy compared with phase II trials. However, this is a real-
world study which are more complicated than prospective study.
The patients’ status in our study was much worse than phase II
trials. 65.2% of patients received>3 lines of apatinib treatment
while the corresponding rate in phase III trial was 7.9% (31). We
found that the number of prior chemotherapy regimens
significantly associated with DFS and OS. The PFS was 9.0
months and 6.0 months in patients with ≤ 3 and >3 lines
before apatinib, respectively. The OS was 17.0 months and 8.0
months in those with ≤ 3 lines and >3 lines before apatinib,
respectively. Current treatments in metastatic breast cancer
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A B

D E F

C

FIGURE 2 | Kaplan–Meier estimates of PFS and OS with different influencing factors. NLR (A, D), number of organs involved in the primary recurrence (B, E), and
number of organs involved before apatinib treatment (C, F).
A B

DC

FIGURE 3 | Kaplan–Meier estimates of PFS and OS with different influencing factors. Brain metastasis (A, C) and different drug regimens (B, D).
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patients are still inadequate, and patients who have failed
with less than third-line treatments require additional choices
that are usually made based on each physician’s experience and
each patient’s status. We hypothesize that apatinib may be
circumvent multidrug resistance in patients with conventional
chemotherapy drugs, and the earlier apatinib is applied, the
better the prognosis in advanced breast cancer.

Overall, patients with metastatic breast cancer who were
pretreated with multiline treatment may benefit from apatinib
in terms of PFS and OS. All patients tolerated treatment well, and
no patients died of AEs. However, as a retrospective study, there
were some limitations in our study. Further clinical practice and
long follow-up data are required. We are recruiting patients for a
prospective analysis to validate its efficacy in the treatment of
metastatic breast cancer.
CONCLUSIONS

In this study, we analyzed patients with metastatic breast cancer
who had experienced apatinib treatment after failed multiline
therapy. It demonstrated that apatinib may be an effective
treatment for patients with metastatic breast.
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