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Background: Advanced breast cancer (ABC) is difficult to treat due to the primary and acquired resistance, 
which is the main cause of rescue treatment failure. Thus, developing a new rescue treatment strategy 
for clinicians is a challenge. This study retrospectively collected the medical information of patients with 
refractory ABC who were treated with bevacizumab at our department to analyze the efficacy and safety of 
bevacizumab-containing therapy as a new treatment method for refractory ABC.
Methods: The complete medical information of patients receiving bevacizumab treatment from November 
2017 to November 2020 was collected, and patients’ general medical history and disease characteristics 
were analyzed. The objective response rate (ORR), disease control rate (DCR), progression-free survival 
(PFS), time to failure (TTF), overall survival (OS), and safety were also analyzed using SPSS 20.0 statistical 
software. 
Results: The data of 68 women with refractory ABC who received bevacizumab-containing therapy were 
collected. The last follow-up examinations were performed on March 31, 2021. The ORR was 41.2% and 
the DCR was 88.2%. The median PFS, TTF, and OS were 6.0 months [95% confidence interval (CI):  
3.4–8.6 months], 4.0 months (95% CI: 3.2–4.8 months), and 26.6 months (95% CI: 10.2–43.0 months), 
respectively. Treatment was discontinued in 2 patients due to chemo-related adverse reactions. The main 
adverse events related to bevacizumab were hypertension (7.4%) and bleeding (2 cases, 2.9%), both of 
which were grade 1. No specific adverse events causing the discontinuation of bevacizumab treatment were 
observed in the other patients.
Conclusions: Among patients with refractory ABC, bevacizumab-containing therapy is feasible and 
safe, and can be used as a new treatment strategy. However, the question of who can benefit the most from 
bevacizumab-containing therapy requires further exploration.
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Introduction

Currently, chemotherapy, radiotherapy, endocrine therapy, 
and anti-human epidermal growth factor receptor 2 (HER2) 
targeted therapy are commonly used to treat advanced 
breast cancer (ABC) (1). However, the emergence of multi-
drug resistance can cause systemic anti-tumor failure 
and prolonged treatment times. Thus, a more effective 
treatment method for ABC is needed.

Angiogenesis is the most critical step in the development 
and progression of malignant tumors. The same is true for 
breast cancer metastasis. The effective inhibition of tumor 
angiogenesis can inhibit the growth of tumor cells and 
reduce the occurrence of metastasis. Thus, antiangiogenic 
therapy represents a novel treatment for drug-resistant 
tumors (2). Apatinib is a new antiangiogenic drug whose 
efficacy in ABC has been confirmed by several studies (3-5).  
However, adverse reactions, such as hypertension and 
proteinuria, have limited its broad clinical application (3-5).

Bevacizumab is an anti-vascular endothelial growth factor 
(VEGF) monoclonal antibody. In the 1st line of treatment, 
bevacizumab combined with chemotherapy significantly 
improves the object ive response rate  (ORR) and 
progression-free survival (PFS) of patients with advanced 
triple-negative breast cancer (6,7). This combination 
therapy has also been shown to be well tolerated with few 
adverse reactions (6,7). Thus, the question of whether 
bevacizumab combined with chemotherapy is an effective 
treatment strategy for patients with multi-drug resistant, 
refractory ABC requires further investigation. Besides, this 
study provides data about bevacizumab in combination 
with non-taxane containing regimens, such as, Vinorelbine, 
Gemcitabine, Cisplatin, Capecitabine, Eribulin or 
Epirubicin. We present the following article in accordance 
with the STROBE reporting checklist (available at https://
dx.doi.org/10.21037/apm-21-2745).

Methods

Data

We analyzed the medical history of patients with refractory 
ABC who received bevacizumab (Avastin®) combined 
with chemotherapy at the Department of Mammary 
Surgery, Henan Cancer Hospital from November 2017 to 
November 2020. All procedures performed in this study 
involving human participants were in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the medical ethics committee of Henan Cancer 

Hospital (No. 2107407) and informed consent was taken 
from all the patients.

In this retrospective study, refractory ABC was defined 
as follows: disease progression during neoadjuvant 
chemotherapy or adjuvant chemotherapy, or relapse and 
rapid progression within 1 year of adjuvant chemotherapy, 
or disease progression after multi-line standard rescue 
therapy for which no standard drugs are available.

To be eligible to participate in this study, patients had to 
meet the following inclusion criteria:

(I) Have pathologically confirmed invasive breast 
cancer;

(II) Have local recurrence or metastasis that cannot be 
resected;

(III) Have estrogen receptors (ER), progesterone 
receptors (PR), and HER2 in the primary tumor 
and/or metastatic lesions;

(IV) Have experienced failure or the rapid progression 
of the disease after standard rescue treatment;

(V) Have a physical status of 0–2 based on the Eastern 
Cooperative Oncology Group (ECOG) scoring 
system;

(VI) Have undergone bevacizumab treatment for at least 
1 cycle, and have follow-up data available regarding 
the efficacy and safety of this treatment; and

(VII) Have an expected life period of ≥12 weeks.
Patients were excluded from the study if they met any of 

the following exclusion criteria:
(I) The presence of ER, PR, and HER2 in the primary 

breast lesions or metastatic lesions was unknown; 
and/or

(II) Follow-up data about the safety and efficiency of 
the bevacizumab treatment were unavailable.

A total of 68 female patients were included in the 
study. The patients had a median age of 50 years (range,  
28–70 years). Thirty-seven patients were premenopausal, 
and 31 were postmenopausal. There were 52 cases of 
visceral metastasis, and 16 cases of non-visceral metastasis. 
There were 33 cases of liver metastasis and 35 cases of 
non-liver metastasis. The median treatment line was 2.5 
(range, 2–16); there were 17 cases of 2nd-line treatment, 
17 cases of 3rd-line treatment, and 34 cases of 4th-line or 
above treatment; 31 and 37 patients received combined 
chemotherapy and single-drug chemotherapy, respectively. 
Chemotherapeutic agents that have not been shown to 
be resistant during prior treatment, such as gemcitabine, 
Vinorelbine, gemcitabine, docetaxel, eribulin, cisplatin, 
albumin bound paclitaxel, capecitabine, epirubicin are all 
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acceptable. There were 30 cases of triple-negative breast 
cancer, 28 cases of HR+/HER2–, 8 cases of HR+/HER2+, 
and 2 cases of HR–/HER2+ (see Table 1). The treatment 
line was defined as the number of times the patients 
received rescue treatment after metastatic breast cancer 
was diagnosed or after the first diagnosis of stage IV breast 
cancer. Patients who showed disease progression during 
(neo)adjuvant chemotherapy or recurrence within 1 year 
after completing adjuvant chemotherapy were considered to 
have received 1st-line treatment.

Study details

Treatment
All the patients were treated with bevacizumab-based 
combination therapy. Bevacizumab (Avastin®, 4 mL/100 mg)  
was administered at 5 mg/kg per dose, once per week 
in each 21-day cycle. Chemotherapeutic drugs were 
administered according to the dosage recommended in the 
Chinese Society of Clinical Oncology (CSCO): Clinical guidelines 
for the diagnosis and treatment of breast cancer published in 
2020. Details about the administration of the chemotherapy 
cycles are summarized in Table 2.

Patients’ blood pressure and liver and kidney function 
were monitored during treatment. Routine blood tests 
were also performed. The principles of dose reduction and 
drug withdrawal were as follows: when grade 4 adverse 
events occurred for the 1st time or grade 3 hematological 
toxicity occurred for twice consecutively, the corresponding 
chemotherapy or bevacizumab was reduced to 1 dose 

Table 1 Clinical characteristics of 68 patients with advanced breast 
cancer

Factor N (%)

Age (years) 50 [28–70]

ECOG

0 26 (38.2) 

1 37 (54.4) 

2 5 (7.3) 

Menstrual status

Postmenopausal 34 (50.0) 

Premenopausal 34 (50.0) 

Age (years)

≤40 18 (26.5) 

>40 50 (73.5) 

Chemotherapy 

Combined chemotherapy 31 (45.5) 

Single-drug chemotherapy 37 (54.5) 

Classification

Triple-negative 30 (44.1) 

Luminal (HER2–) 28 (41.2) 

Luminal (HER2+) 8 (11.8)

HER2 amplification 2 (2.9) 

DFI (years)

≥1 31 (45.6) 

<1 26 (38.2) 

De novo metastatic 11 (16.2) 

Visceral metastasis

Yes 52 (76.4) 

No 16 (23.6) 

HER2 status

Positive 10 (14.7) 

Negative 58 (85.3) 

Metastasis site

Liver 33 (48.5) 

Lung 30 (44.1) 

Lymph node 37 (54.4) 

Table 1 (continued)

Table 1 (continued)

Factor N (%)

Bone 27 (39.7) 

Chest wall 22 (32.4) 

Bone marrow 2 (2.9) 

Pleura 13 (19.1) 

Soft tissue 2 (2.9) 

Pericardium 1 (1.5) 

Breast 4 (5.9) 

Brain 7 (10.3) 

DFI, disease-free interval.
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level after recovery to ≤ grade 1; if the adverse event was 
intolerable, the patients were asked to stop the medication. 
The treatment endpoints were as follows: disease 
progression, or intolerable toxicity, or termination of 
treatment for any reason, or death from any cause.

Measurement of outcomes
The response evaluation criteria in solid tumors (RECIST, 
version 1.1), including complete response (CR), partial 
response (PR), stable disease (SD) and progressive disease 
(PD) (8) was used to evaluate treatment efficacy every  
2–3 treatment cycles. The primary study endpoints included 
ORR, disease control rate (DCR), PFS, time to failure 
(TTF), overall survival (OS), and safety, where PFS was 
defined as the time from the beginning of bevacizumab 
treatment to disease progression or death from any cause, 
TTF was defined as the time from the beginning of 
bevacizumab treatment to treatment interruption or loss 
of follow-up due to any reason, OS was defined as the time 
from the beginning of bevacizumab treatment to death 
from any cause. The classification of adverse time was based 
on Common Terminology Criteria for Adverse (CTC-AE) 4.03 
by the National Cancer Institute.

Statistical analysis

SPSS 20.0 software was used for the statistical analysis. The 
Kaplan-Meier method was used for the survival analysis. 
The log-rank test was used for the univariate analysis of 
the prognostic factors between the two groups. A Cox 
proportional-hazards regression model was constructed for 
the multivariate analysis. A P value of <0.05 was considered 
statistically significant (bilateral).

Results

Efficacy

Sixty-eight patients participated in the study. Of these, 
PD was observed in 35 patients. The last follow-up time 
was March 31, 2021, and the median follow-up time was  
26.0 months. Four patients were lost during the follow-up 
period, and 3 patients continued to receive bevacizumab 
treatment. All patients had at least 1 measurable lesion. 
Specifically, there was 1 case of CR, 27 cases of PR, 32 cases 
of SD, and 8 cases of PD. The ORR was 41.2%, and the 
DCR was 88.2%. The median PFS, TTF, and OS were  
6.0 months [95% confidence interval (CI): 3.4–8.6 months], 

Table 2 The drug exposure cycle number of 68 patients with advanced breast cancer

Combination regimen N (%) The number of cycles

Combined chemotherapy 

Vinorelbine + Cisplatin 17 (25.0) 6 [3–8]

Gemcitabine + Cisplatin 8 (11.8) 6 [1–8]

Docetaxel + Cisplatin 4 (5.9) 4.5 [2–6]

Vinorelbine + Capecitabine 1 (1.5) 1

Eribulin + Cisplatin 1 (1.5) 1

Single-drug chemotherapy 

Gemcitabine 14 (20.6) 5 [1–11]

Vinorelbine 6 (8.8) 3 [1–10]

Albumin bound paclitaxel 9 (13.2) 5 [3–8]

Capecitabine 1 (1.5) 2

Docetaxel 3 (4.4) 4 [3–6]

Eribulin 3 (4.4) 4 [4–6]

Epirubicin 1 (1.5) 5

Bevacizumab 68 (100.0) 5 [1–26]

Combined with trastuzumab 4 [40] 5 [3–10]
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4.0 months (95% CI: 3.2–4.8 months), and 26.6 months 
(95% CI: 10.2–43.0 months), respectively (see Table 3 and 
Figure 1).

The ORR univariate analysis showed that combined 
chemotherapy was better than single-drug chemotherapy 
(P=0.01), but no difference was observed in different age, 
metastasis site, the number of metastatic sites, or treatment 
line (P>0.05; see Table 4). The PFS univariate analysis 
showed that the treatment efficacy of chemotherapy 
combined with bevacizumab for patients with refractory 
ABC was not significantly correlated with menstrual status, 
metastasis site, disease-free interval (DFI), the number of 
metastatic sites, treatment line, combined chemotherapy 
mode, and PFS (P>0.05). The OS univariate analysis showed 

that the OS of patients with refractory ABC who received 
chemotherapy combined with bevacizumab was associated 
with age and liver metastasis (P<0.05). The results showed 
that the OS was 13.3 and 26.6 months in the ≤40-year-old 
and >40-year-old groups (P=0.030), respectively, whereas 
the OS was 14.3 and 26.6 months in patients with and 
without liver metastasis, respectively (P=0.047; see Figure 1). 
There was no significant correlation between the OS and 
the number of metastatic sites, treatment lines, molecular 
classification, and combined treatment mode (P>0.05). 
However, the multivariate analysis showed that the efficacy 
of bevacizumab combined with chemotherapy was not 
associated with age or liver metastasis (P>0.05; see Table 5).

There were 65 TTF events ,  including disease 
progression (50.8%), financial burden (38.5%), intolerable 
adverse reactions (3.1%), loss to follow-up (6.2%), and 
discontinuation of the drug after medical approval because 
surgery was required (1.5%). Thus, other than disease 
progression, the financial burden caused by the disease was 
the leading cause of treatment discontinuation.

Safety

Adverse events in at least 1 treatment cycle were 
observed in 68 patients. During the treatment, 2 patients 
discontinued because of adverse reactions, including 
thrombocytopenia and increased alanine aminotransferase 
level, which might be associated with chemotherapy. We 
obtained information about bevacizumab-related adverse 
events from all patients. There were 5 cases (7.4%) 
of hypertension, including 4 cases (5.9%) of grade 2 
hypertension, and 1 case (1.5%) of grade 3 hypertension. 
There were 2 cases (2.9%) of hemorrhage, both of which 

Table 3 The efficacy observation of 43 evaluable cases

Factor N (%) 

CR 1 (1.5) 

PR 27 (39.7) 

SD 32 (47.1) 

PD 8 (11.8) 

ORR 28 (41.2) 

DCR 60 (88.2) 

Median PFS (months) 6.0 (95% CI: 3.4–8.6) 

Median TTF (months) 4.0 (95% CI: 3.2–4.8) 

Median OS (months) 26.6 (95% CI: 10.2–43.0) 

CR, complete response; PR, partial response; SD, stable 
disease; PD, progressive disease; ORR, objective response rate; 
DCR, disease control rate; PFS, progression-free survival; TTF, 
time to failure; OS, overall survival.

Figure 1 Survival curve of univariate analysis of OS after treatment with bevacizumab-containing therapy [(A) P=0.047, (B) P=0.030]. OS, 
overall survival.
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Table 4 The ORR and univariate analysis of 68 patients with advanced breast cancer

Factor ORR (%) χ2 P value

Age (years) 0.622 0.430

≤40 33.3

>40 44.0

Chemotherapy 6.709 0.01

Combined chemotherapy 58.1

Single-drug chemotherapy 27.0

Classification 1.726 0.189

Triple-negative 50.0

Non-triple-negative 34.2

DFI (year) 0.278 0.589

>1 35.4

≤1 30.6

Visceral metastasis 0.157 0.811

Yes 40.4

No 43.8

Metastasis site 0.484 0.486

Liver metastasis 45.5

Non-liver metastasis 37.1

Number of metastasis site 0.243 0.622

≥3 38.2

<3 44.1

Line times of treatment 0.278 0.598

2 line 58.8

>2 line 35.3

ORR, objective response rate.

Table 5 Multivariate analysis of OS of bevacizumab treatment combined with chemotherapy

Factor B P value 95% CI

Chemotherapy (combined or single drug) –1.067 0.137 0.344 (0.084–1.406) 

Liver metastasis (1. yes; 2. no) 0.804 0.389 2.234 (0.358–13.928) 

Age (1. ≤40 years; 2. >40 years) 1.556 0.050 4.739 (0.997–22.529) 

Metastasis site (1. ≥3 sites; 2. <2 sites) 0.294 0.726 1.342 (0.259–6.958) 

OS, overall survival.
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were grade 1 and improved after symptomatic treatment. 
No patient discontinued the treatment because of 
bevacizumab-related adverse events.

Discussion

In this study, we retrospectively analyzed the efficacy and 
safety of bevacizumab in patients with refractory ABC. 
The ORR and DCR were 41.2% and 88.2%, respectively 
in 68 patients who received bevacizumab combined with 
chemotherapy. The median PFS and OS were 6.0 and  
26.6 months, respectively, without severe adverse reactions. 
Thus, our results showed that bevacizumab combined with 
chemotherapy is feasible for treating refractory ABC.

About 90% of primary tumors and 50% of metastatic 
tumors are sensitive in the early stage of treatment; 
however, with the extension of treatment time, tumors 
tend to become resistant to drugs (9). Studies have sought 
to understand the mechanism underlying drug resistance. 
The phosphatidylinositol 3-kinase/protein kinase B/
mammalian target of rapamycin (PI3K/Akt/mTOR) 
pathway interacts with the ER signaling pathway. The 
activated PI3K/Akt/mTOR pathway promotes messenger 
ribonucleic acid (mRNA) transcription in the ER-mediated 
downstream signaling pathway and the proliferation of 
tumor cells (10). Similar to findings on ER positivity, the 
drug resistance mechanism of HER2-positive breast cancer 
is related to the abnormal activation of the PI3K/Akt/
mTOR signaling pathway. The continuous activation of the 
PI3K/Akt/mTOR signaling pathway can lead to the loss of 
phosphatase and tensin homolog function, thus activating 
the PI3K signaling pathway and reducing the efficiency 
of trastuzumab (11,12). Previous studies have confirmed 
that everolimus, an mTOR inhibitor, reverses the acquired 
resistance of HR-positive ABC to tamoxifen or aromatase 
inhibitors (13-15). Similarly, for patients with HER2-
positive ABC, everolimus combined with trastuzumab 
and chemotherapy was found to improve PFS (16). In a 
study of triple-negative breast cancer resistance, 1st-line 
chemotherapy combined with bevacizumab, an angiogenesis 
inhibitor, was found to improve the PFS of patients (17). 
Some studies have confirmed that antiangiogenic therapy 
combined with immune checkpoint inhibitor treatment has 
a synergistic anti-tumor effect (18), and its clinical efficacy 
is being verified. In conclusion, the resistance mechanism 
of breast cancer is complex and clinical accessibility is poor. 
New anti-tumor drugs are required to further improve 
patient outcomes.

In 1971, Judah Folkman postulated the angiogenesis 
theory (19) that tumor growth and metastasis depended on 
tumor angiogenesis, and that inhibiting tumor angiogenesis 
played a major role in tumor treatment (20). VEGF and 
its vascular endothelial growth factor receptor (VEGFR)-
mediated signal transduction pathway play an important 
role in regulating tumor angiogenesis (21). Bevacizumab 
is the 1st approved VEGF inhibitor worldwide, and was 
approved in China in February 2010. Bevacizumab is a 
recombinant humanized monoclonal immunoglobulin G 1 
antibody and can specifically block the biological effect of 
VEGF, which inhibits the mitosis of vascular endothelial 
cells and reduces angiogenesis. Bevacizumab can bind 
to all subtypes of VEGF-A and prevent VEGF from 
binding to its receptor, thereby inhibiting angiogenesis and  
exudation (22). Clinical results have suggested that 
Bevacizumab combined with chemotherapy significantly 
improve the ORR and prolong the PFS time in patients 
with recurrent and metastatic breast cancer (23).

Apatinib, a novel, small molecule, VEGFR tyrosine 
kinase inhibitor, binds explicitly to VEGFR-2 in vivo to 
effectively control tumor angiogenesis and growth. Apatinib 
is efficacious in patients with multi-drug resistant ABC. 
We previously studied the efficacy of apatinib monotherapy 
in patients with multi-drug resistant ABC (5), and found 
that the ORR (43.5%) and DCR (82.6%) were better 
than those reported in a previous study (3). It may be that 
a multi-drug resistant gene, a target gene of hypoxia-
inducible factor-1 (HIF-1α), can be induced by HIF-1α 
under hypoxia conditions to enhance tumor resistance, 
and HIF-1α is directly related to tumor angiogenesis. 
Antiangiogenic therapy may be an effective treatment 
strategy for multi-drug resistant breast cancer. However, 
for the long-term clinical application of apatinib, we must 
pay attention to the management of its adverse events. A 
high proportion of hypertension, proteinuria, and hand-
foot skin reaction limit its long-term clinical application 
(3-5). In the present study, we investigated the clinical 
application of bevacizumab combined with chemotherapy 
in patients with refractory ABC. The ORR and DCR were 
41.2% and 88.2%, respectively. The PFS and OS were  
6.0 and 26.6 months, respectively. In this study, we focused 
on the adverse events associated with bevacizumab, with 
7.4% of hypertension and 2.9% of hemorrhage, No patient 
discontinued the treatment because of bevacizumab-
related adverse events. Therefore, the short-term effective 
rate was similar to that of apatinib, but PFS and OS were 
better, with tolerable adverse reactions and manageable 
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adverse events. The application of bevacizumab combined 
with chemotherapy is easy to promote in clinical practice. 
The univariate analysis revealed that the ORR of patients 
receiving bevacizumab combined with chemotherapy was 
better than that of single-drug chemotherapy without 
improved PFS and OS. Thus, combined chemotherapy 
can achieve a better disease remission rate, but its long-
term benefits are limited. This finding is consistent with 
those reported previously (24). For patients with a large 
tumor load, obvious disease symptoms, and who need 
rapid treatment, a combination of chemotherapy with 
bevacizumab is recommended, which is consistent with the 
results of a previous study (24).

For patients with HER2-positive ABC who failed to 
receive multi-line anti-HER2 therapy, the benefit of re-
administering trastuzumab is limited. There were 10 cases 
of HER2-positive ABC. Among these 10 cases, there 
were 4 cases (comprising 2 cases of PR and 2 cases of SD) 
received combined treatment with trastuzumab, and 6 cases 
(comprising 3 cases of PR and 3 cases of SD) received no 
anti-HER2 treatment. Thus, for patients with failure of 
anti-HER2 targeted therapy for primary drug resistance or 
failure of multi-line anti-HER2 treatment, the question of 
whether to continue anti-HER2 pathway treatment or to 
use anti-tumor drugs (e.g., antiangiogenic therapy) deserves 
clinical consideration and further investigation.

This  s tudy had some l imitat ions.  First ,  i t  was 
retrospective in nature and had a small sample size, and 
there was a selection bias, as the clinicians prescribed single-
drug chemotherapy or combined chemotherapy. Second, 
in this study, the proportion of patients who discontinued 
treatment was high because of the financial burden, and 
the reduction in treatment duration could have reduced 
ORR and PFS. Third, the follow-up time was short, and 
further follow-up examinations are needed to determine the 
long-term survival of these patients and the safety of this 
combination therapy.

Conclusions

By performing a retrospective analysis of practical data, we 
confirmed the efficacy and safety of bevacizumab combined 
with chemotherapy in treating refractory ABC, thus 
providing evidence supporting the use of bevacizumab in 
the treatment of refractory ABC. Therefore, chemotherapy 
combined with bevacizumab can be considered for patients 
with primary drug resistance or failure of multi-line therapy 
without standard drugs. However, prospective and large 

cohort studies are required to further investigate the efficacy 
of bevacizumab and determine the patient population that 
can benefit the most from bevacizumab treatment.
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