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Background: Patients with advanced breast cancer usually have poor

prognosis. Apatinib is a small-molecule tyrosine kinase inhibitor, and the

reports regarding the efficacy and safety of apatinib monotherapy for

advanced breast cancer in the current literature are controversial. Therefore,

we performed a systematic review and meta-analysis to collect and pool

efficacy and safety data of apatinib monotherapy for advanced breast cancer

with the aim of providing up-to-date evidence to aid clinical practice.

Methods: This study was registered at PROSPERO (CRD42020190049). Three

literature databases, including PubMed, EMBASE, and Cochrane Library, were

searched. For evaluating efficacy, the objective response rate and disease

control rate were extracted or calculated. Safety was evaluated in terms of

the proportions of patients with grade 3 or 4 treatment-related adverse events.

The pooled proportions of the outcomes and their 95% confidence interval

were shown. The Kaplan–Meier curves of overall survival and progression-free

survival were pooled from the extracted data of the included studies.

Furthermore, pooled medians for overall survival and progression-free

survival were calculated. A p-value of < 0.05 was considered statistically

significant.

Results: Six studies were included and deemed eligible for further quality

evaluation and analysis. The pooled objective response rate and disease

control rate were 20.4% and 71.6%, respectively. The pooled proportions of

four hematologic adverse events ranged from 2.6% to 6.9%. The pooled

proportions of hypertension, hand-foot syndrome, transaminase increased,

and proteinuria ranged from 4.1% to 24.3%, and other non-hematologic

adverse events were <1%. The pooled median progression-free survival and

overall survival were 4.00 and 10.43 months, respectively, in cases of advanced

breast cancer treated with apatinib.

Conclusions: This study confirms the reliable efficacy of apatinib monotherapy

for advanced breast cancer. However, non-hematologic grade 3–4 adverse
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events, especially hypertension, are more frequently observed during apatinib

treatment than during treatment with other tyrosine kinase inhibitors, such as

sunitinib or sorafenib.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/,

identifier CRD42020190049.
KEYWORDS

apatinib, locally advanced breast, metastatic breast cancer, tyrosine kinase inhibitor,
meta-analysis
Introduction

Breast cancer (BC) is the most frequently diagnosed cancer

among women (1). With significant improvements in treatment

efficacy, the overall survival (OS) of patients has been prolonged,

with the exception of patients with locally advanced BC (LABC)

or metastatic BC (MBC) (2). Consequently, patients suffering

from advanced BC (ABC) usually have a poor prognosis.

Furthermore, resistance to traditional chemotherapy and the

restricted performance status of older patients underline the

importance of introducing effective drugs with limited toxicity in

clinical practice. This is especially urgent for advanced triple-

negative BC (TNBC), which is more aggressive and with

relatively poorer prognosis, but lacks of expression of classical

therapeutic targets, including estrogen receptor (ER),

progesterone receptor (PR), and human epidermal growth

factor receptor 2 (HER2) (3).

Tumor angiogenesis, recognized as one of the “hallmarks

of cancer”, plays an essential role in tumor growth and

metastasis, which requires endothelial cell proliferation and

migration (4). Vascular endothelium growth factor (VEGF)

can promote endothelial cell proliferation and migration

through their receptors, vascular endothelial growth factor

receptor 1, 2, and 3 (VEGFR-1, -2 and -3), and is thus of great

importance in tumor angiogenesis. Hence, VEGFR inhibition

can be a potential anti-angiogenic therapy. In particular, high-

affinity VEGFR-2 is mainly expressed in vascular endothelial

cells and is the major mediator of the functional effects of

VEGF (5, 6).

Apatinib is a small-molecule tyrosine kinase inhibitor

(TKI) that selectively binds to and inhibits VEGFR-2 (7). In

2014, two phase II clinical trials demonstrated the objective

efficacy results and acceptable toxicity in pretreated

metastatic TNBC and non-TNBC patients (8, 9). These two

trials showed that the objective response rates (ORRs) were

16.7% and 17.9%, which were lower than other commonly

used single-agent drugs for patients with ABC such as
02
paclitaxel, capecitabine, and gemcitabine (10–13). These

results limited physicians’ interest in apatinib’s application,

and there were few studies comparing efficacy of apatinib

monotherapy with guideline-accepted single-agent drugs.

Apatinib monotherapy for patients with ABC is primarily

considered following the failure of standard chemotherapy

regimens or intolerance to chemotherapy. However, in more

recent real-world studies, the ORR can rise up to 41.7% in

patients with ABC (14). Hence, the up-to-date results based

on existing studies are necessary for evidence-based clinical

references. These results can provide evidence for further

clinical trials comparing apatinib with other widely used

drugs in different clinical settings. We design this

systematic review and meta-analysis to collect and pool

efficacy and safety data of apatinib monotherapy for ABC

and present the following article in accordance with the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) reporting checklist.
Methods

A workflow diagram showing the study design is presented

in Supplementary Figure 1.
Search strategy

This study was registered at PROSPERO (registration

number CRD42020190049). Three literature databases

(PubMed, EMBASE, and Cochrane library) were searched

from inception to 21 March 2022. The following medical

subject headings or key words were used: (“Breast Cancer”

or “Breast Neoplasm” or “Breast Malignant Tumor” or “Breast

Carcinoma” or “Mammary Cancer” or “Mammary

Carcinoma” or “Mammary Neoplasm”) and (“apatinib” or

“YN968D1” or “rivoceranib”). There were no specific
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restrictions regarding publication language or study design;

however, all potentially eligible studies underwent manual

screening with predetermined inclusion and exclusion

criteria. The references included in the key studies and

reviews were also screened for eligibility.
Study selection

Two authors independently performed study selection,

quality assessment, and data extraction using predefined

forms. Discrepant data were reviewed and resolved by

discussion with the third author.

Studies should fulfi l l the fol lowing populat ion,

intervention, comparison, outcomes, and study design

criteria. Population: The patient population of interest

suffered from histologically confirmed LABC or MBC.

Patients were all ≥ 18 years old and had at least one

measurable lesion. The molecular subtypes of BC were not

limited. Patients had Eastern Cooperative Oncology Group

(ECOG) performance status ≤ 3. Intervention: All included

patients failed in at least first-line chemotherapy regimen for

ABC or were beyond lines of standard therapy. They were

treated with apatinib monotherapy orally with the initial doses

decided by physicians during the study periods. Comparison:

In potentially included studies, the efficacy of apatinib

monotherapy can be compared with other treatment groups.

However, our study only focuses on the efficacy and safety of

apatinib monotherapy, comparison groups were not

considered, and only groups including patients with ABC

administrated with apatinib monotherapy were included.

Outcomes: Included studies should report at least one

clinical outcome of interest predetermined in our study.

These clinical outcomes included two aspects: the efficacy

and safety of apatinib monotherapy during study duration.

Efficacy evaluation included ORR, disease control rate (DCR),

and survival results. Safety evaluation included treatment-

related adverse events (AEs) and toxicity-related dose

change rates. Study design: All prospective and retrospective

studies published in English or Chinese were potentially

included in our study.

Studies with less than 10 efficacy-evaluable patients were

excluded. Among the studies with similar inclusion criteria and

overlapping patient populations derived from the same research

center, only the study with the latest or largest population was

included. Patients were excluded if additional treatments were

administrated besides apatinib or patients were contraindicated

for use of apatinib, including hematologic and coagulation

disorders, severe hypertension, inadequate hepatic, renal, and

cardiac functions. Case reports, reviews, editorials, letters,

meta-analysis, and preclinical studies were also excluded. The

study selection process was summarized using a PRISMA

flow diagram.
Frontiers in Oncology 03
Quality assessment

For the assessment of methodological quality of single-arm

studies, the methodological index for non-randomized studies

(MINORS) was employed. MINORS comprises 12 items, the

first eight of which are designed for non-comparative, non-

randomized controlled trials :(1) a clearly stated aim, (2)

inclusion of consecutive patients, (3) prospective collection of

data, (4) endpoints appropriate to the aim of the study, (5)

unbiased assessment of the study endpoint, (6) follow-up period

appropriate to the aim of the study, (7) loss to follow-up less

than 5%, and (8) prospective calculation of the study size. Items

were scored 0, 1, or 2 for without report, inadequate report, and

adequate report, respectively. A study could earn a maximum

score of 16 points, and studies scoring ≥10 were considered

eligible for further analysis.
Data extraction

For each included study, the following data were extracted

and recorded: first author, publication year, study design,

number and median age of patients, patient population

(TNBC, non-TNBC), starting dose of apatinib, and follow-up

duration. To evaluate efficacy, ORR and DCR were extracted or

calculated in terms of the proportion of patients who achieved

complete response (CR) or partial response (PR), and the

proportion of patients with CR, PR, or stable disease.

Toxicity was evaluated by the proportion of patients with

grade 3 and 4 treatment-related AEs based on Common

Terminology Criteria for Adverse Events. These AEs

included hematologic (leukopenia, neutropenia, anemia, and

thrombocytopenia) and non-hematologic (hypertension,

hand-foot syndrome, proteinuria, bilirubin increased,

transaminase increased, diarrhea, and vomiting) events. In

addition, the proportions of patients who experienced

treatment interruption, dose reduction, and treatment

discontinuation were also calculated.
Data analysis and statistical methods

Analyses were performed using packages of meta (15),

digitize (16), and metaSurvival (17) for R software (18). The

proportions of outcomes from eligible studies were calculated

and pooled. Freeman-Tukey double arcsine transformation of

original proportions was performed for variance stabilization

before pooling, and back-transformed proportions were

calculated to facilitate the interpretation of the outcomes. A

random-effect model was applied to calculate the pooled

proportion and its 95% confidence interval (CI) in cases of

significant heterogeneity among studies. Otherwise, the fixed-

effect model was used. A p-value of <0.1 for Cochran’s Q statistic
frontiersin.org
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test or I2 >50% was regarded as indicating significant

heterogeneity among the studies. Moreover, the potential

publication bias of the included studies was examined using

Egger’s test if more than 10 studies were included. The Kaplan–

Meier curves of OS and progression-free survival (PFS) were

pooled with the data from the included studies, and the pooled

median of OS and PFS were calculated as appropriate (19). A p-

value of <0.05 was considered statistically significant.
Results

Search results

From the three databases that were searched, 304 studies

were retrieved; 78 from PubMed, 193 from EMBASE, and 33

from Cochrane Library. Figure 1 summarizes the selection

process of the studies. After removing duplicates and

screening titles or abstracts, 18 articles underwent full text

evaluation. Following this, 12 studies were excluded for the

following reasons: less than 10 patients for efficacy evaluation

(n = 6) (20–25), unable to extract outcomes of interest (n = 1)

(26), overlapping patient populations (n = 1) (27), and

conference abstracts (whose results were also published in
Frontiers in Oncology 04
original research articles) (n = 4) (28–31). Among the

remaining six studies, one study administered two patients

with apatinib and trastuzumab and included one patient with

ECOG performance status ≥ 2 and another patient unable to

evaluate performance status. We still included this study because

the proportion of patients without meeting the inclusion criteria

was low. Finally, six studies were included and deemed eligible

for further quality evaluation and analysis (7–9, 14, 32, 33).
Quality assessment

The results of MINORS for methodological quality

evaluation are summarized in Table 1. The MINORS scores

ranged from 10 to 15, with the major drawbacks of the

retrospective studies being the lack of prospective study size

calculation and data collection. Moreover, although two

retrospective studies were designed to evaluate the efficacy

and safety of apatinib in patients with ABC, the authors

emphas ized more on report ing combined pat i ent

populations administered with apatinib monotherapy or

with extra treatments, which was inconsistent with the

study’s aim and, hence, led to decreased attention toward

patients treated with apatinib monotherapy.
FIGURE 1

Flow chart of the selection process of the studies.
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The prospective studies possessed high methodological

quality, although they did not adequately report the methods

for unbiasedly assessing endpoints.
Data extraction

The abovementioned outcomes of interest and clinical

characteristics of the included studies were extracted. The

study characteristics and outcomes of efficacy evaluation are

shown in Table 2. A total of 237 patients were included in the

analysis, with median ages ranging from 44 to 52.5 years.

Among the final six studies, Hu et al. conducted two phase II

trials on patients suffering from non-TNBC and TNBC in

2014 (8, 9). To distinguish between these two trials, we

assigned them the study IDs of Hu2014 (1) (8) and Hu2014

(2) (9), respectively. Although some studies reported certain

outcomes of interest, we only included data from the patient
TABLE 2 Outcomes of interest extracted from the included studies.

Study
ID

Study
design

Population (TNBC/
non-TNBC)

Starting dose
(mg daily)

Sa
s

Hu2014
(1) (8)

Prospective Non-TNBC 500

Hu2014
(2) (9)

Prospective TNBC 750

500

Lin2017
(32)

Retrospective Both 250/500/750

Lü2018
(14)

Retrospective TNBC
500

Non-TNBC

Shen2019
(33)

Retrospective Both 500

Liu2021
(7)

Retrospective Both 250/425/500/850

TNBC, triple-negative breast cancer; ORR, objective response rate; DCR, disease control rate; N
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population treated with apatinib monotherapy, whereas

data from studies using combined patient populations

administered with apatinib monotherapy and apatinib with

other drugs were not included.
Efficacy evaluation

ORR and DCR of apatinib monotherapy for
ABC

Five studies reported ORRs ranging from 11.8% to 41.7%

(Figure 2). High heterogeneity was not found among the studies

(p = 0.17, I2 = 38%). Two hundred patients were included into

meta-analysis, and the pooled ORR was 20.4% (95% CI: 14.9%–

26.5%). A subgroup analysis was performed on the basis of the

molecular subtype of BC (Figure 3). Three studies provided

more detailed ORRs based on TNBC or non-TNBC. High

heterogeneity was found among the studies that included
TABLE 1 Methodological quality evaluation of the included studies using methodological index for non-randomized studies.

Study
ID

A
clearly
stated
aim

Inclusion of
consecutive
patients

Prospective
collection of

data

Endpoints
appropriate to
the aim of the

study

Unbiased
assessment of
the study end-

point

Follow-up period
appropriate to the
aim of the study

Loss to
follow up
less than

5%

Prospective
calculation of
the study size

Hu2014
(1) (8)

2 2 2 2 1 2 2 2

Hu2014
(2) (9)

2 2 2 2 1 2 2 2

Lin2017
(32)

2 2 0 2 1 2 2 1

Liu2021
(7)

1 2 0 1 1 2 2 1

Lü2018
(14)

2 2 0 2 1 2 2 1

Shen2019
(33)

1 2 0 1 1 2 2 1
mple
ize

Media
(yea

38 4

25 5

59 5

52 52

14
4

10

17 N

22 N

A, not available for
n age
rs)

Median fol
tion (m

9 1

1 3

2 1

.5 N

4

A N

A N

patients with apatinib monot
low-up dura
onths)

0.1

0.8

9.7

A

7.2

A

A

herapy.
- ORR DCR

6/36 24/36

8/22 17/22

6/56 14/56

10/45 31/45

7/14
20/24

3/10

2/17 12/17

NA NA
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patients with TNBC, for which a random-effect model was used,

whereas a fixed-effect model was applied when pooling the

results of patients with non-TNBC (I2 = 83% and I2 = 0%,

respectively). A higher ORR was found in TNBC than in non-

TNBC (30.5% and 18.7%, respectively).

When pooling the proportions of DCR of these five studies,

high heterogeneity was observed (I2 = 81%). Most of these five

studies reported a mixed DCR for patients with TNBC and non-

TNBC, so a subgroup analysis based on the molecular type of BC

was not performed. Sensitive analysis was used to explore the

sources of heterogeneity, and a high heterogeneity was found in

Hu2014 (2) (9). Hence, Hu2014 (2) (9) was omitted and the
Frontiers in Oncology 06
pooled DCR following that was found to be 71.6% (95% CI:

63.0%–79.5%) (Figure 4).

Four studies provided ORRs and DCRs of patients receiving

apatinib with a starting dose of 500 mg/day, which is the most

common dose for patients. These patients had ORRs ranging

from 10.7% to 41.7% and DCRs from 25% to 83.3%, respectively

(8, 9, 14, 33). The pooled ORR and DCR were 18.6% and 60.9%,

respectively (Supplementary Figures 2, 3). In the study where

patients with ABC received a starting dose of apatinib 750 mg/

day, the ORR and DCR was 36.4% and 77.3%, respectively (9),

which are higher than the pooled results in patients receiving a

starting dose of 500 mg/day.
FIGURE 2

Meta-analysis of the objective response rates.
FIGURE 3

Meta-analysis of objective response rates with subgroup analysis. TNBC, triple-negative breast cancer; non-TNBC, non–triple-negative breast
cancer.
FIGURE 4

Meta-analysis of the disease control rates.
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Pooling Kaplan–Meier curves of PFS and OS
Four and three studies provided Kaplan–Meier curves of PFS

and OS, respectively, from the patients administered with

apatinib, which were suitable for data extraction and pooling

of Kaplan–Meier curves. The pooled Kaplan–Meier curves are

shown in Supplementary Figures 4, 5. The pooled median PFS

and OS were 4.00 and 10.43 months, respectively, for patients

with ABC treated with apatinib monotherapy.
Safety evaluation

Hematologic toxicity ≥ grade 3
Four studies reported hematologic toxicity. Four

hematologic ≥ grade 3 AEs were selected for toxicity

evaluation, including thrombocytopenia, leukopenia,

neutropenia, and anemia. The pooled proportions of these

four hematologic AEs ranged from 2.6% to 6.9%. The detailed

results are shown in descending order in Table 3, with only

thrombocytopenia pooling showing high heterogeneity among

the studies. A random-effect model was used.

Non-hematologic toxicity ≥ grade 3
Six studies reported non-hematologic toxicity, and seven

non-hematologic ≥ grade 3 AEs were selected for evaluation,

including hypertension, hand-foot syndrome, proteinuria,

bilirubin increased, transaminase increased, diarrhea, and

vomiting. High heterogeneity was not found upon pooling

these seven non-hematologic AEs. The pooled proportions of

bilirubin increased, diarrhea, and vomiting were < 1%. The

pooled proportions of grade 3–4 hypertension, hand-foot

syndrome, transaminase increased, and proteinuria ranged
TABLE 3 Pooled analysis of adverse events (grades 3–4) and dosage adjustm

Adverse events or dose
adjustment types

Outcomes Number of
studies

Hematologic toxicity ≥ Grade 3 Thrombocytopenia 4

Leukopenia 3

Neutropenia 3

Anemia 3

Non-hematologic toxicity ≥

Grade 3
Hypertension 4

Hand-foot syndrome 5

Proteinuria 5

Transaminase increased 4

Bilirubin increased 4

Vomiting 4

Diarrhea 3

Dose adjustment Treatment interruption 4

Dose reduction 4

Treatment
discontinuation

3
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from 4.1% to 24.3%. All the seven pooled proportions are

shown in descending order in Table 3.

Toxicity-related dose adjustment
Four studies reported toxicity-related dose adjustment. The

pooled proportions of patients that underwent dose reduction

and treatment discontinuation are shown in descending order in

Table 3. A high heterogeneity was found when pooling the

proportions of treatment interruption (I2 = 81%). A random-

effect model was used.
Publication bias assessment

Publication bias assessment was not performed due to the

limited number of studies included.
Discussion

Apatinib was initially approved for use in China for patients

with previously treated advanced adenocarcinoma of stomach or

gastroesophageal junction (34). Later, the usage of apatinib was

extended to various cancers, mainly gastric cancer, esophageal

cancer, hepatocellular carcinoma, BC, lung cancer, sarcoma, and

colorectal cancer (35). Apatinib monotherapy is usually

administered at the end of the treatment period or in cases of

intolerance to other treatments in patients with ABC. Although

its effects are not mentioned in the respective guidelines, it is an

alternative for specific patient populations, and its up-to-date

clinical data regarding efficacy and safety needs to be collected

and provided to clinical workers.
ent.

Events/total number of
patients

Pooled proportions
(%)

95% CI
(%)

18/198 6.9 1.3 to 15.4

9/160 5.5 2.2 to 9.9

6/174 3.4 0.9 to 6.9

5/160 2.6 0.4 to 6.1

49/198 24.3 18.5 to 30.7

31/215 13.4 8.9 to 18.5

22/215 9.3 5.5 to 13.8

6/139 4.1 1.1 to 8.5

2/198 0.5 0.0 to 2.5

2/191 0.6 0.0 to 2.7

1/112 0.4 0.0 to 3.4

102/198 56.4 39.9 to 72.3

86/198 43.3 36.4 to 50.5

14/114 12.1 6.4 to 19.0
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Efficacy evaluation

Response rates to apatinib
A total of six studies were included in the final meta-analysis.

In the efficacy analysis, pooled ORR and DCR were found to be

20.4% and 71.6%, respectively. Likewise, apatinib monotherapy

was administered to patients with other cancers. The pooled

ORRs and DCRs of apatinib monotherapy for refractory lung

cancer, liver cancer, gastric cancer, colorectal cancer, and

advanced or metastatic osteosarcoma were 20%, 18%, 10%,

13%, and 27%; and 82%, 51%, 66%, 79%, and 64%,

respectively (36, 37). Our findings indicate that apatinib

monotherapy has a promising ORR and moderate DCR in

patients with ABC compared with those in patients with other

advanced malignances.

Sunitinib and sorafenib are two other orally delivered

antiangiogenic TKIs. In a phase III trial of sunitinib vs.

capecitabine for patients with HER2-negative ABC, the ORR

of 238 patients treated with sunitinib only reached 11% (38).

Furthermore, sorafenib showed a lower ORR in a phase II trial of

sorafenib alone for 56 patients with MBC, with PR observed in

only one patient (2%) (39). On the basis of these data, we believe

that apatinib has a superior ORR among orally delivered

antiangiogenic TKIs.

Some single-agent drugs are widely used in patients with

ABC, including paclitaxel, capecitabine, and gemcitabine.

Paclitaxel can generate ORRs of 20.8% and 19.8% and a DCR

of 57.9% in previously treated patients with MBC (11, 13). In

reviewing prospective studies, each of which enrolled at least 100

previously treated patients with ABC, capecitabine monotherapy

had a median ORR of 20% and DCR of 62% among these studies

(10). The ORRs by gemcitabine monotherapy was 20% for

heavily treated patients with MBC (12). Summarily, apatinib

monotherapy has a comparable ORR and DCR to monotherapy

of commonly used chemotherapy drugs for previously treated

patients with ABC.

Our subgroup analysis revealed that patients with TNBC had

a higher ORR than patients with non-TNBC (30.5% and 18.7%,

respectively), implying that apatinib can be more effective for a

certain subtype of ABC. The difference in ORRs between these

subtypes of ABC was also reported in the study by Liu et al.,

whose main focus was on the efficacy of apatinib with or without

other treatment strategies for MBC. Univariate analysis in that

study showed that the subtype of patients with MBC was

significantly associated with OS (7). Moreover, five of seven

patients whose disease control time during apatinib

monotherapy was longer than any previously treated regimens

were of the TNBC subtype (14). However, the difference shown

between the subtypes needs further confirmation with double-

arm studies.

The pooled ORR and DCR in patients with a starting dose of

apatinib 500 mg/day were 18.6% and 60.9%, respectively, which
Frontiers in Oncology 08
were lower than patients with a starting dose of 750 mg/day. A

potential dose–response relationship was found. However,

toxicity associated with the daily 750-mg dose limited regular

clinical application, which leaded to a dose interruption rate of

68% (9).

Hu2014 (2) (9) appeared as a source of heterogeneity during

the sensitive analysis and, hence, was omitted from the analysis

of pooling DCR. Compared with the other included studies in

terms of pooling DCR, Hu2014 (2) had a much lower DCR. We

believe that this study included too many heavily treated

patients, which might have led to a lower DCR since the

number of treatment lines before apatinib was a hazard factor

for prognosis (33).

Impact of apatinib on prognosis
In our study, the pooled median PFS and OS for ABC were

4.00 and 10.43 months, respectively. A phase III trial revealed

that apatinib treatment had a median PFS of 2.6 months and a

median OS of 6.5 months in patients with advanced or

metastatic adenocarcinoma of the stomach or gastroesophageal

junction with an initial oral dose of apatinib of 850 mg once daily

(34). Moreover, a median PFS of 4.7 months of apatinib

treatment at a starting dose of 750 mg was found in patients

with advanced non-squamous non–small cell lung cancer

following two previous treatment regimens (40). When

compared with other orally delivered TKIs for treating ABC, a

median PFS of 2.8 months and a median OS of 15.3 months in

HER2-negative ABC treated with sunitinib were found in a

phase III randomized trial (38). Another orally delivered TKI,

sorafenib monotherapy, did not even exhibit treatment activity

in patients with MBC who had received prior treatment (41).

When comparing with other single-agent chemotherapy drugs,

patients with ABC had a median OS of 11.0, 11.0, and 12.8

months by capecitabine (10), gemcitabine (12), and paclitaxel

monotherapy, respectively.

These abovementioned results suggest that apatinib has

comparable or superior response rates, compared with its

effects for patients with other advanced solid malignances, or

other orally delivered TKIs or chemotherapy drugs for patients

with ABC. To verify the efficacy and safety of apatinib and

explore the potential of wide usage in clinic, prospective large-

scaled clinical trials are needed. First, apatinib monotherapy

needs to be compared with currently widely used drugs, such as

paclitaxel and capecitabine, in patients with ABC who failed in

previous salvage treatments. Second, comparing the efficacy and

safety of apatinib with chemotherapy, endocrine therapy,

targeted therapy, or immunotherapy with other guideline-

accepted regimens for patients with ABC in different

conditions, such as front-line therapy for untreated ABC, or

salvage therapy for previously treated ABC. Immunotherapy

targeting programmed cell death protein-1 (PD-1) and its ligand

(PD-L1) is a well-established therapeutic option for TNBC (42);

however, only a low proportion of patients with metastatic
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TNBC can benefit from PD-1/PD-L1 blockade (43). Combining

anti-angiogenesis therapy with PD-1/PD-L1 blockade is a

promising combination, for anti-angiogenesis therapy plays an

essential role in enhancing the efficacy of immunotherapy (44,

45). Moreover, the efficacy, safety, and drug combination will be

explored in other clinical settings, including neoadjuvant

therapy and adjuvant therapy. These trials can find out the

suitable drugs combination and the patient populations sensitive

to apatinib.
Toxicity evaluation

Hematologic AE ≥ grade 3
The most frequently encountered hematologic ≥grade 3 AEs

was thrombocytopenia, reaching a proportion of 6.9%. This rate

was similar to that reached with sunitinib, another orally

delivered antiangiogenic TKI, which leads to 8% grade 3–4

thrombocytopenia (38). Thrombocytopenia was also the most

common hematologic ≥ grade 3 AEs when treating bone and soft

tissue sarcoma with apatinib, but with a significantly lower

pooled proportion of 0.05% (46).

Non-hematologic AE ≥ grade 3
The three most frequently encountered non-hematologic

≥grade 3 AEs were hypertension, hand-foot syndrome, and

proteinuria, with proportions of 24.3%, 13.4%, and 9.3%,

respectively. Similarly, these three AEs were also reported to

be the three most common grade 3–4 AEs among solid

malignances, with pooled proportions of 7%, 6%, and 4%,

respectively (36). These AEs also occurred frequently during

the treatment of bone and soft tissue sarcoma with apatinib;

however, their proportions ranged from 1.13% to 3.19%, which

is much lower than that of AEs during ABC treatment (46).

Regarding the two additional orally delivered antiangiogenic

TKIs, sorafenib and sunitinib alone induced a proportion of 4% of

patients suffering from grade 3–4 hand-foot skin reaction (39), and

8% and 3.8% of patients suffering from grade 3–4 hand-foot

syndrome and hypertension, respectively (38). Apatinib appeared

to produce more frequent grade 3–4 AEs during ABC treatment,

especially hypertension, compared with its administration for other

malignances or the administration of other TKIs for ABC. This may

be because of the different tumor characteristics, drug dosages, and

number of previous treatment regimens. However, hypertension

was considered a protective factor for prolonged PFS in ABC (33).

Whether the promising ORR of apatinib treatment for ABC is

based on the induced grade 3–4 hypertension remains inconclusive

and requires further analysis with a greater number of patients.

In addition, higher toxicity leads to higher rates of dose

adjustments. In our meta-analysis, 56.4% of patients experienced

treatment interruption, 43.3% underwent dose reduction, and

treatment in 12.1% was discontinued. In contrast, only 21% of

patients underwent dose reduction during the treatment of
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advanced or metastatic adenocarcinoma of stomach or

gastroesophageal junction whose initial dose of apatinib was

850 mg daily (34). Moreover, only 52% and 28% of patients

underwent dosage interruption and dose reduction, respectively,

during sunitinib administration for ABC (38).

Our study has several limitations. First, a limited number of

studies were included into our final meta-analysis due to the

relatively small number of studies focusing on the efficacy of

apatinib monotherapy. Consequently, subgroup analysis based on

various study designs, such as prospective and retrospective

designs, could not be performed. Second, there were

discrepancies in the initial doses among the included studies.

More specifically, whereas most patients were initially

administered with 500 mg of apatinib daily, some patients

received 250, 425, 750, or 850 mg of apatinib daily, which may

have generated heterogeneities among the results of the studies.

Third, although the efficacy and safety of apatinib for ABC were

compared with those of apatinib for other advanced malignances

or with those of other orally delivered TKIs for ABC, the

comparisons were mostly between single-arm studies, and the

results need to be further verified by additional controlled studies.
Conclusions

Our study collected and pooled the data of efficacy and safety

of apatinib alone for patients with ABC. This study confirms the

reliable efficacy of apatinib monotherapy for ABC. In particular,

response rates are comparable or superior for patients with ABC

treated with apatinib, compared with apatinib for patients with

other advanced solid malignances, or other orally delivered TKIs

or some chemotherapy drugs for patients with ABC. However, the

non-hematologic grade 3–4 AEs from apatinib for ABC, especially

hypertension, are more frequent than other orally delivered TKIs.
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