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Abstract
Background: The relative lack of specifically targeted agents for HER2-negative metastatic 
breast cancer (MBC) makes the need for new agents or combination therapies to maximize 
clinical benefit while reducing toxicity critical.
Objectives: To retrospectively analyze the efficacy and safety of eribulin combined with 
antiangiogenic drugs in the treatment of Chinese women with HER2-negative MBC.
Methods: A total of 85 consecutive MBC patients with HER2-negative who were treated with 
eribulin + antiangiogenic agents between October 2020 and April 2023 in four institutions were 
retrospectively included in this study. Patients received eribulin 1.4 mg/m2 (day 1 and 8) plus 
bevacizumab 7.5 mg/kg (day 1, 64 patients) or anlotinib 10 mg daily (day 1–14, 16 patients) or 
apatinib 250 mg daily (5 patients) on a 21-day cycle until progression or unacceptable toxicity. 
The primary end-point was progression-free survival (PFS), according to Response Evaluation 
Criteria in Solid tumors (RECIST) 1.1. Secondary end-points included toxicities, objective 
response rate (ORR), disease control rate (DCR), and overall survival (OS). Adverse events 
(AEs) were graded according to Common Terminology Criteria for Adverse Events (CTCAE) 
version 5.0.
Results: The study included 85 HER2-negative MBC patients, with 41 patients (48.2%) in the 
first to second line group and 44 patients (51.8%) in the greater than or equal to third line 
group. The median age was 54.0 years. Thirty patients in the first to second line group and 
14 patients in the greater than or equal to third line group had triple-negative breast cancer 
(TNBC). The ORR and DCR were 34.1% (29/85) and 75.3% (64/85). The median PFS (mPFS) of 
total population was 6.0 months (95% CI: 4.3–7.7), and median OS (mOS) was immature. The 
mPFS was 7.7 and 4.3 months in the first to second and greater than or equal to third line 
treatment (p = 0.003), respectively. TNBC patients in first to second line therapy showed a 
significantly longer PFS (6.5 months versus 2.0 months, p = 0.021) compared to greater than or 
equal to third line. The incidences of cardiovascular toxicity were 29.4% in grades 1–2 and no 
grades 3–4. Hematologic toxicity (leukopenia and neutropenia) was the most common grade 
⩾3 AEs, and AEs were more common in patients in greater than or equal to third line.
Conclusion: The results suggest that eribulin combined with antiangiogenic therapy has a 
meaningful clinical activity and an acceptable safety profile in HER2-negative MBC.
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Introduction
Cancer has become one of the major diseases that 
seriously threaten human health and cause death. 
According to the GLOBOCAN 2020 released by 
the International Agency for Research on Cancer, 
female breast cancer has surpassed lung cancer to 
become the most commonly diagnosed cancer 
globally.1 In January 2023, the American Cancer 
Society announced that for female cancer patients, 
the highest prevalence of tumors is still breast 
cancer, accounting for about 31% of female 
tumors.2 Up to now, the cause of breast cancer is 
still unclear, but various risk factors have been 
found to increase the burden of breast cancer.3 In 
the past decade, from surgery, chemotherapy, 
endocrine therapy, targeted therapy, and immu-
notherapy, advanced breast cancer (ABC) treat-
ment methods have been constantly updated – a 
single treatment strategy transformed into a com-
bination treatment strategy. The survival of 
patients with ABC has also been significantly 
improved.4

In the era of precision medicine for breast cancer, 
chemotherapy remains the cornerstone. Eribulin, 
as a new generation of non-taxanes tubulin inhibi-
tor, can not only inhibit the growth of microtu-
bules but also block the formation of the mitotic 
spindle, causing G2/M phase cell cycle arrest and 
apoptosis of tumor cells.5 It can also remodel 
tumor blood vessels, improve the accumulation of 
antitumor drugs, and reverse epithelial-mesenchy-
mal transition to delay tumor metastasis.6 Results 
of the phase III 305 (EMBRACE) study7 showed 
that eribulin significantly prolonged overall sur-
vival (OS) compared with the physician’s choice 
of treatment in patients with metastatic breast 
cancer (MBC) who had received two to five previ-
ous lines of therapy (13.1 m versus 10.6 m). The 
1-year OS rate of the two groups was 53.9% versus 
43.7%. Similarly, the objective response rate 
(ORR) was significantly improved with eribulin 
(12% versus 5%, p = 0.005), and progression-free 
survival (PFS) tended to be prolonged (3.7 m ver-
sus 2.2 m, p = 0.09). Eribulin was first approved in 
the United States in 2010 for the treatment of 
patients with MBC. Based on the results of a 
phase III 304 clinical trial evaluating the efficacy 
and safety of eribulin and vinorelbine in women 
with locally recurrent or MBC, eribulin was 
approved by the National Medical Products 
Administration of China in 2019.8 It treats patients 
with locally recurrent or MBC who have received 
at least two prior chemotherapy regimens, includ-
ing anthracyclines and taxanes. In this study, 

compared with vinorelbine, eribulin was associ-
ated with PFS [Hazard Ratio (HR): 0.80, 95%  
CI: 0.65–0.98, p = 0.036], ORR (30.7% versus 
16.9%), clinical benefit rate (CBR, 38.6% versus 
23.3%), and disease control rate (DCR, 49.2% 
versus 33.1%) were significantly improved.

In ABC, the combined treatment mode of ‘chem-
otherapy plus’ still plays a vital role in treating dif-
ferent molecular types of breast cancer.9 
Angiogenesis plays a crucial role in tumor growth 
and metastatic spread of breast cancer. Vascular 
endothelial growth factor (VEGF) is significantly 
important in angiogenesis, and VEGF receptors 
are critical regulators of the tyrosine kinase inhibi-
tor (TKI) signaling pathway. Antiangiogenic 
drugs targeting VEGF therapy include monoclo-
nal antibodies (such as bevacizumab) and small 
molecule TKIs (such as anlotinib and apatinib). 
In the E2100,10 AVADO,11 RIBBON-1,12 
RIBBON-2,13 TURANDOT,14 and ATHENA15 
trials, the addition of bevacizumab to chemother-
apy could improve ORR and mPFS but did not 
significantly improve OS. Due to the lack of an 
OS benefit, bevacizumab is not FDA approved 
(approval withdrawn 2011) but is recommended 
as an option in combination with capecitabine or 
paclitaxel a first-line chemo option in European 
Society for Medical Oncology guidelines. A pro-
spective, open-label, single-arm, multicenter 
phase II study showed a significant PFS/OS ben-
efit with eribulin plus bevacizumab in the first-line 
treatment of human epidermal growth factor 
receptor 2 (HER2)-negative MBC, with a 1-year 
PFS rate was 32% (95% CI: 20–43), ORR was 
47% (95% CI: 34–60), a mPFS was 8.3 months 
(95% CI: 7.0–9.6), the median OS reached 
28.3 months (95% CI: 22.8–33.9), and the inci-
dence of grade 3/4 adverse events (AEs) was low.16

In addition, the phase III clinical trial (ALTER)17 
has confirmed that anlotinib can significantly 
improve the mOS (9.6 m versus 6.3 m), quality of 
life, and clinical outcomes of Chinese patients 
with advanced non-small cell lung cancer as 
third-line or further treatment. Several basic stud-
ies have shown that anlotinib is effective in breast 
cancer cell lines, but there is a lack of clinical trial 
results in ABC. The 2022 American Society of 
Clinical Oncology annual meeting presented that 
Empathy study involved 56 Chinese patients with 
ABC or MBC who had received at least two prior 
chemotherapies and patients were randomized to 
eribulin alone or eribulin plus anlotinib. It showed 
that eribulin plus anlotinib significantly improved 

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


M Jiang, B Shao et al.

journals.sagepub.com/home/tam 3

DCR (100% versus 66.7%, p = 0.007) and PFS 
(9.7 m versus 3.7 m; HR: 0.20, 95% CI: 0.04–
0.91, p = 0.04). Subgroup analysis showed that in 
the triple-negative breast cancer (TNBC) sub-
group, the DCR of eribulin + anlotinib was still as 
high as 100%, and the mPFS was 3.6 months ver-
sus 9.7 months (p = 0.030).18 Phase II study also 
reported that camrelizumab combination with 
eribulin and apatinib had good safety and efficacy 
(mPFS = 8.1 m) in patients with advanced 
TNBC.19 Moreover, a systematic review and 
meta-analysis from 29 studies released that apat-
inib monotherapy or combined with other thera-
pies was associated with improved DCR [pooled 
response rate (RR) = 1.43] and ORR (pooled 
RR = 1.79) in breast cancer (BC) patients.20 
Therefore, given that eribulin has a unique mech-
anism of inducing tumor vascular remodeling, 
improving tumor blood perfusion, and tissue per-
meability of combined antitumor drugs, we 
hypothesized that eribulin and antiangiogenic 
agents might be synergistic and their combination 
might be an effective regimen for MBC patients.

Thus, we designed this multicenter study to eval-
uate the efficacy and safety of the combination of 
eribulin and antiangiogenic agents in the treat-
ment of Chinese HER2-negative MBC patients.

Patients and methods

Patients
Patients were included in the study if they had 
confirmed MBC and had been treated with eribu-
lin + antiangiogenic therapy between October 
2020 and April 2023. The inclusion criteria were 
as follows: (1) Cytological or histologically con-
firmed diagnosis of MBC; (2) age ⩾18 years; (3) 
administration of at least one cycle of eribu-
lin + antiangiogenic therapy until disease pro-
gression, unacceptable toxicity, or other factors; 
(4) availability of clinical-pathological and labo-
ratory parameters before the combination treat-
ment; (5) availability of response evaluation and 
survival data; (6) availability of previous medica-
tion [whether received anthracycline/taxane-
based chemotherapy or cyclin-dependent kinase 
4/6 inhibitor (CDK4/6i)] in the adjuvant or met-
astatic setting. MBC was defined as de novo 
stage IV and recurrent breast cancer confirmed 
by clinical, imaging, histological, or cytological 
measures. The exclusion criteria were as fol-
lows: (1) Insufficient information on previous 
clinicopathological features, (2) patients for 

whom information regarding the first or further 
cycles of treatment with eribulin + antiangio-
genic therapy was not available were excluded 
from the analysis, (3) male patients, (4) patients 
with HER2-positive. All data were retrospec-
tively collected from medical records (Figure 1).

Study design and treatment
The purpose of the study was to analyze the effi-
cacy and toxicity of eribulin + antiangiogenic ther-
apy according to different lines of treatment. From 
October 2020 to April 2023, 117 patients with 
MBC received eribulin + antiangiogenic therapy as 
first or further line of treatment across four institu-
tions, including Cancer Hospital Chinese Academy 
of Medical Science, China-Japan Friendly 
Hospital, Beijing Cancer Hospital, and Beijing 
Chaoyang District Sanhuan Cancer Hospital; of 

Patients screened
(n=117)

Enrolled and receved treatment (n=87)

Excluded (n=30)
Male Patients (n=5)
No measurable lesions (n=5)
Insufficient data (n=16)
History of other solid tumors (n=4)

Included in analysis (n=85)

Delayed tumor response assessment (n=2)

Efficacy: PR n=29; SD n=35; PD n=21

Still receiving treatment (n=19)

Figure 1. Trial profile. Patients were recruited from four hospital sites in 
China.
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these, 85 patients resulted eligible for our analysis. 
Safety and effectiveness outcomes from patient 
medical records were collected irrespective of the 
patient’s age, or length of time of eribulin + antian-
giogenic therapy treatment. Data related to treat-
ment patterns were also collected.

Assessment variables included PFS, OS, ORR, 
DCR, and safety. The primary end point was 
PFS. Secondary end points included toxicities, 
ORR, DCR, and OS. AEs were graded according 
to CTCAE version 5.0 (U.S. Department Of 
Health And Human Services). PFS was defined 
as the time from the first eribulin treatment to 
disease progression or death due to various 
causes, according to the Response Evaluation 
Criteria in Solid tumors (RECIST) 1.1. OS was 
defined as the time from the first eribulin treat-
ment to death from various causes or the last fol-
low-up visit. ORR was defined as the percentage 
of evaluable patients at baseline who had either 
complete response (CR) or partial response (PR) 
as the best objective tumor response. DCR was 
defined as the percentage of evaluable patients at 
baseline who had CR, PR, or stable disease (SD) 
for ⩾24 weeks.

Patients received eribulin 1.4 mg/m2 (days 1 and 
8) plus bevacizumab 7.5 mg/kg (day 1) or anlo-
tinib 10 mg daily (days 1–14) or apatinib 250 mg 
daily on a 21-day cycle. The dosing was adjusted 
according to dose modification recommended by 
the FDA prescribing information,21 AEs, or the 
physicians’ judgment. Treatment cycles were 
repeated until progressive disease or unaccepta-
ble toxicity or until the patient decided to termi-
nate treatment.

Statistical analysis
Statistical analysis was performed using SPSS 
26.0, R Studio (version 4.1.2) and Adobe 
Illustrator 2020 were used to construct graphics. 
χ2 test was used to compare the difference in 
qualitative data between the two groups, and 
t-test was used to compare the difference in quan-
titative data between the two groups. The 
Kaplan–Meier survival curve was used to analyze 
the mPFS and OS of the patients and the differ-
ence in survival rate between the groups. Cox 
proportional hazards model was used to explore 
the relationship between the baseline characteris-
tics of the patients and the risk of PFS. Baseline 
characteristics strongly associated with survival in 
the clinical setting were included in univariate 

and multivariate analyses. p Value <0.05 was 
considered significant.

Results

Patients and treatment
The study included 85 HER2-negative MBC 
patients at four institutions, with 41 patients 
(48.2%) in the first to second line group and 44 
patients (51.8%) in the greater than or equal to 
third line group. The characteristics of the 85 
evaluable patients are reported in Table 1. Among 
them, there are 64 patients in the eribulin + beva-
cizumab group, 21 patients in the eribulin + TKIs 
(anlotinib: 16 points and apatinib: 5 points) 
group. The median ages were 52.0 (range, 19–
68) and 58.5 (range, 33–73) years, respectively. 
The Estrogen receptor (ER) - or Progesterone 
receptor (PgR)-positive rates were 14.6% versus 
65.9% (p < 0.001) and 24.4% versus 63.6% 
(p < 0.001) for the first to second line group and 
greater than or equal to third line group, respec-
tively. Thirty patients (73.2%) in the first to sec-
ond line group and 14 patients (31.8%) in the 
greater than or equal to third line group were 
TNBC. Fifty patients in the greater than or equal 
to third line arm had previously received 
CDK4/6i.

Safety
Overall, eribulin + antiangiogenic therapy was 
associated with mild toxicity, with most toxicity 
being grade 1 or 2 (fatigue, gastrointestinal reac-
tion, and hematologic toxicity). Hematologic tox-
icity [leukopenia (25.9%) and neutropenia 
(28.2%)] was the most common grade ⩾3 AEs, 
and AEs were more common in patients in greater 
than or equal to third line treatment. But there 
was no statistically significant difference in hema-
tologic toxicity between first to second line and 
greater than or equal to third line treatment (Table 
2). There was one case of grade 3/4 anemia due to 
treatment with greater than or equal to third line 
arm. And there was one case of grade 3/4 throm-
bocytopenia due to treatment with first to second 
line arm. Among the grade 1/2 toxicities, asthenia/
fatigue was the most common (65.9%), followed 
by nausea/vomiting, anemia, leukopenia, and neu-
tropenia. In the rate of cardiovascular complica-
tions, three cases observed thromboembolic 
events, seven cases observed hemorrhage, and no 
cases of grade 3 or higher hypertension. Total 
incidences of cardiovascular toxicity were 29.4% 
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Table 1. Baseline characteristics of study population.

Characteristics Number of patients (%) p All patients (%)

1st–2nd line (n = 41) ⩾3rd line (n = 44)

Age (years) 0.145  

Median (range) 52.0 (19–68) 58.5 (33–73) 54.0 (19–73)

ECOG 0.597*  

 0 15 (36.6) 13 (29.5) 28 (32.9)

 1 24 (58.5) 26 (59.1) 50 (58.8)

 2 2 (4.9) 5 (11.4) 7 (8.2)

Tumor status 0.738  

 Stage IV 2 (4.9) 4 (9.1) 6 (7.1)

 Recurrence 39 (95.1) 40 (90.9) 79 (92.9)

Histopathological types 0.203*  

 IDC 29 (70.7) 35 (79.5) 64 (75.3)

 ILC 5 (12.2) 5 (11.4) 10 (11.8)

 Mixed carcinoma 0 (0.0) 1 (2.3) 1 (1.2)

 Adenocarcinoma 0 (0.0) 1 (2.3) 1 (1.2)

 Metaplastic cancers 7 (17.1) 2 (4.5) 9 (10.6)

Grade 0.072*  

 1 0 (0.0) 1 (2.3) 1 (1.2)

 2 11 (26.8) 13 (29.5) 24 (28.2)

 3 20 (48.8) 11 (25.0) 31 (36.5)

 Unknown 10 (24.4) 19 (43.2) 29 (34.1)

Neoadjuvant therapy 0.553  

 No 38 (92.7) 38 (86.4) 76 (89.4)

 Yes 3 (7.3) 6 (13.6) 9 (10.6)

ER status <0.001  

 Negative 35 (85.4) 15 (34.1) 50 (58.8)

 Positive 6 (14.6) 29 (65.9) 35 (41.2)

PgR status <0.001  

 Negative 31 (75.6) 16 (36.4) 47 (55.3)

 Positive 10 (24.4) 28 (63.6) 38 (44.7)

(Continued)
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Characteristics Number of patients (%) p All patients (%)

1st–2nd line (n = 41) ⩾3rd line (n = 44)

Triple negative <0.001  

 No 11 (26.8) 30 (68.2) 41 (48.2)

 Yes 30 (73.2) 14 (31.8) 44 (51.8)

Ki-67 expression 0.106*  

 ⩽14% 2 (4.9) 8 (18.2) 10 (11.8)

 15–24% 3 (7.3) 6 (13.6) 9 (10.6)

 25–44% 13 (31.7) 11 (25.0) 24 (28.2)

 ⩾45% 22 (53.7) 15 (34.1) 37 (43.5)

 Unknown 1 (2.4) 4 (9.1) 5 (5.9)

BRCA mutation 0.404*  

 No 18 (43.9) 18 (40.9) 36 (42.4)

 Yes 6 (14.6) 3 (6.8) 9 (10.6)

 Unknown 17 (41.5) 23 (52.3) 40 (47.1)

Family history of breast/
ovarian cancer

0.107  

 No 37 (90.2) 34 (77.3) 71 (83.5)

 Yes 4 (9.8) 10 (22.7) 14 (16.5)

Number of metastatic sites 0.271  

 1 10 (24.4) 5 (11.4) 15 (17.6)

 2 10 (24.4) 11 (25.0) 21 (24.7)

 ⩾3 21 (51.2) 28 (63.6) 49 (57.6)

Liver metastasis 0.105  

 No 31 (75.6) 26 (59.1) 57 (67.1)

 Yes 10 (24.4) 18 (40.9) 28 (32.9)

Lung metastasis 0.318  

 No 24 (58.5) 21 (47.7) 45 (52.9)

 Yes 17 (41.5) 23 (52.3) 40 (47.1)

Bone metastasis 0.748  

 No 20 (48.8) 23 (52.3) 43 (50.6)

 Yes 21 (51.2) 21 (47.7) 42 (49.4)

Table 1. (Continued)

(Continued)
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(25/85) in grades 1/2 and no grades 3/4. Moreover, 
there was a significant difference in nausea/vomit-
ing (36.6% versus 65.9%, p = 0.007), alanine ami-
notransferase increased (2.4% versus 25.0%, 

p = 0.003), and aspartate aminotransferase increa-
sed (7.3% versus 29.6%, p = 0.009) between first 
to second line group and greater than or equal to 
third line group.

Characteristics Number of patients (%) p All patients (%)

1st–2nd line (n = 41) ⩾3rd line (n = 44)

Brain metastasis 0.654  

 No 35 (85.4) 39 (88.6) 74 (87.1)

 Yes 6 (14.6) 5 (11.4) 11 (12.9)

Lymph nodes metastasis 0.759  

 No 20 (48.8) 20 (45.5) 40 (47.1)

 Yes 21 (51.2) 24 (54.5) 45 (52.9)

Chest wall metastasis 0.857  

 No 31 (75.6) 34 (77.3) 65 (76.5)

 Yes 10 (24.4) 10 (22.7) 20 (23.5)

Other metastasis 0.026  

 No 31 (75.6) 23 (52.3) 54 (63.5)

 Yes 10 (24.4) 21 (47.7) 31 (36.5)

Eribulin + antiangiogenic 
therapy

0.240*  

Bevacizumab 30 (73.2) 34 (77.3) 64 (75.3)

Anlotinib 10 (24.4) 6 (13.6) 16 (18.8)

Apatinib 1 (2.4) 4 (9.1) 5 (5.9)

Taxanes 0.215  

 No 3 (7.3) 0 (0.0) 3 (3.5)

 Yes 38 (92.7) 44 (100.0) 82 (96.5)

Anthracyclines 0.659  

 No 6 (14.6) 8 (18.2) 14 (16.5)

 Yes 35 (85.4) 36 (81.8) 71 (83.5)

CDK4/6i 0.001  

 No 39 (95.1) 29 (65.9) 68 (80.0)

 Yes 2 (4.9) 15 (34.1) 17 (20.0)

BRCA, breast cancer susceptibility gene; CDK4/6i, cyclin-dependent kinase 4/6 inhibitor; ECOG, Eastern Cooperative 
Oncology Group; IDC, Invasive Ductal Carcinoma; ILC, Invasive Lobular Carcinoma.
*Fisher’s exact test.
p<0.05 was considered statistically significant.

Table 1. (Continued)
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Further safety comparison of eribulin combined 
with bevacizumab and with TKIs group showed 
that there were statistically significant differences 
in grade 1/2 AEs (nausea/vomiting, diarrhea, 
mucositis oral, neutropenia, anemia, alanine ami-
notransferase increased, aspartate aminotrans-
ferase increased, and neurotoxicity). For grade 
3/4 AEs, leukopenia was significantly different 
between the two groups (p = 0.041) (Supplemental 
Table 1). In addition, a dose reduction of 20–
40% and >40% of the total dose was required in 
10.6% and 5.9% of patients, respectively. Dose 
delays were experienced by 15.3% of patients. No 
treatment-related death was registered.

Efficacy
At the cutoff date (April 2023), 66 (77.6%) 
patients experienced disease progression and 17 
(20.0%) patients had died. Of the total of 85 
patients, no patients achieved CR, 29 (34.1%) had 

PR, 35 (41.2%) had SD, and 21 (24.7%) had PD. 
The ORR was 34.1% (29/85), while the DCR was 
75.3% (64/85) (Table 3) (Supplemental Figure 1). 
The mPFS of patients treated with eribulin-based 
treatment was 6.0 months (95% CI: 4.3–7.7). And 
the OS was immature (Figure 2).

Univariate analysis (Table 4) indicated that brain 
metastasis and the number of prior therapies lines 
were significantly related to PFS in patients treated 
with eribulin + antiangiogenic therapy. Multivariate 
analysis (Table 4) demonstrated that brain metas-
tasis and the number of prior therapy lines were 
independent predictive factors for PFS. Patients 
without brain metastasis had significantly longer 
PFS than those with brain metastasis (mPFS: 6.5 m 
versus 3.0 m, p = 0.020) [Figure 3(a)].

The mPFS in the subgroup was 7.7 months and 
4.3 months in the first to second line and greater 
than or equal to third line treatment (P = 0.003), 

Table 2. Summary of adverse events.

Adverse event Grade 1/2 (%) Grade 3/4 (%) All patients

1st–2nd line ⩾3rd line p 1st–2nd line ⩾3rd line p Grade 1/2 (%) Grade 3/4 (%)

Nausea/vomiting 15 (36.6) 29 (65.9) 0.007 – – – 51.8 –

Diarrhea 4 (9.8) 7 (15.9) 0.398 – – – 12.9 –

Asthenia/fatigue 27 (65.9) 29 (65.9) 0.996 – – – 65.9 –

Mucositis oral 9 (22.0) 11 (25.0) 0.741 – – – 23.5 –

Leukopenia 13 (31.7) 23 (52.3) 0.055 9 (22.0) 13 (29.5) 0.424 42.4 25.9

Neutropenia 12 (29.3) 21 (47.7) 0.081 9 (22.0) 15 (34.1) 0.214 38.8 28.2

Anemia 9 (22.0) 18 (40.9) 0.061 0 1 (2.3) 1.000 31.8 1.2

Thrombocytopenia 2 (4.9) 6 (13.6) 0.312 1 (2.4) 0 0.972 9.4 1.2

Evaluated alanine 
aminotransferase

1 (2.4) 11 (25.0) 0.003 – – – 14.1 –

Evaluated aspartate 
aminotransferase

3 (7.3) 13 (29.6) 0.009 – – – 18.8 –

Reduced cardiac function 4 (9.8) 3 (6.8) 0.922 – – – 8.2 –

Tachycardia 1 (2.4) 2 (4.6) 1.000 – – – 3.5 –

Neurotoxicity 6 (14.6) 12 (27.3) 0.154 – – – 21.2 –

Hypertension 6 (14.6) 10 (22.7) 0.340 – – – 18.8 –

Thromboembolic event 1 (2.4) 2 (4.6) 1.000 – – – 3.5 –

Hemorrhage 3 (7.3) 4 (9.1) 1.000 – – – 8.2 –

p<0.05 was considered statistically significant.
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Table 3. Evaluation of efficacy.

Clinical factor 1st–2nd line (%), n = 41 ⩾3rd line (%), n = 44 p

PR 20 (48.8) 9 (20.5) 0.006

SD 15 (36.6) 20 (45.5) 0.406

PD 6 (14.6) 15 (34.1) 0.038

ORR 20 (48.8) 9 (20.5) 0.006

DCR 35 (85.4) 29 (65.9) 0.038

CR, complete response; DCR, disease control rate; ORR, objective response rate; PR, partial response; SD, stable disease.
p<0.05 was considered statistically significant.

respectively [Figure 4(a)]. The OS in the first to 
second line and greater than or equal to third line 
group were immature [Figure 4(b)]. Further 
analysis, the mPFS was 7.0 months and 
5.0 months in HR+/HER2− and TNBC patients 
(p = 0.612), respectively [Figure 3(b)]. Regarding 
treatment regimes, most patients (75.3%) used 
eribulin in combination with bevacizumab. The 
combination with TKIs presented longer PFS 
(7.0 m versus 5.0 m, 95% CI: 5.6–8.4 versus 2.8–
7.2, p = 0.883), but it didn’t show a significant 
difference [Figure 3(c)]. A secondary analysis 
was conducted in TNBC patients. TNBC 
patients with first to second line therapy showed 
a significantly longer PFS compared with greater 
than or equal to third line group (6.5 m versus 

2.0 m, 95% CI: 4.4–8.6 versus 0.9–3.1, p = 0.021) 
[Figure 3(d)].

Discussion
With the advent of the era of precision medicine, 
numerous targeted or immunotherapy drugs have 
emerged, further improving the survival benefits 
of patients with ABC. However, chemotherapy 
still plays a vital role in the salvage treatment of 
ABC. Taxanes have become the preferred chem-
otherapeutic partners among the many combina-
tion regimens due to their superior efficacy and 
relatively low toxicity.22 In recent years, with the 
approval of eribulin in China and abroad, the 
chemotherapy pattern of ABC has changed. 

Figure 2. Kaplan–Meier plot for PFS and OS in all patients with eribulin + antiangiogenic therapy. (a) Kaplan–Meier plot for PFS. (b) 
Kaplan–Meier plot for OS.
OS, overall survival; PFS, progression-free survival.
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Table 4. Univariate and multivariate analyses of factors predicting progression-free survival in patients 
treated with eribulin.

Items Univariate Multivariate

HR 95% CI p HR 95% CI p

Tumor status

 Stage IV – – –  

 Recurrence 0.726 0.224–2.354 0.594  

Grade

 1 – – –  

 2 0.619 0.082–4.689 0.642  

 3 0.606 0.078–4.420 0.606  

ER status

 Negative – – –  

 Positive 1.043 0.633–1.719 0.869  

PgR status

 Negative – – –  

 Positive 0.506 0.520–1.380 0.848  

Triple negative

 No – – –  

 Yes 1.130 0.695–1.837 0.621  

Ki-67 expression

 ⩽14% – – –  

 15–24% 1.089 0.418–2.834 0.862  

 25–44% 0.790 0.337–1.856 0.589  

 ⩾45% 1.026 0.470–2.242 0.949  

BRCA mutations

 No – – –  

 Yes 0.959 0.737–1.247 0.755  

Family history of breast/ovarian cancer

 No – – –  

 Yes 1.918 0.979–3.759 0.058  

Number of metastatic sites

 1 – – –  

 2 1.199 0.544–2.644 0.653  

 ⩾3 0.931 0.476–1.820 0.835  

(Continued)
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Items Univariate Multivariate

HR 95% CI p HR 95% CI p

Liver metastasis

 No – – –  

 Yes 1.168 0.686–1.988 0.567  

Lung metastasis

 No – – –  

 Yes 1.173 0.722–1.906 0.645  

Bone metastasis

 No – – –  

 Yes 0.683 0.420–1.111 0.125  

Brain metastasis

 No – – – – – –

 Yes 2.110 1.088–4.091 0.027 2.205 1.136–4.282 0.019

Lymph nodes metastasis

 No – – –  

 Yes 0.952 0.585–1.550 0.845  

Chest metastasis

 No – – –  

 Yes 0.675 0.372–1.224 0.195  

Other metastasis

 No – – –  

 Yes 1.598 0.954–2.678 0.075  

Eribulin + antiangiogenic therapy

 Bevacizumab – – –  

 TKIs 1.042 0.593–1.832 0.886  

Taxanes

 No – – –  

 Yes 1.288 0.314–5.288 0.725  

Anthracyclines

 No – – –  

 Yes 1.023 0.504–2.075 0.949  

(Continued)

Table 4. (Continued)
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Eribulin has become a new choice of chemother-
apy for patients with MBC because of its efficacy 
and safety.23 A 10-year real-world study in the 
United States reviewed eribulin’s efficacy in treat-
ing MBC. The results showed that the mPFS of 
eribulin in patients receiving greater than or equal 
to second-line treatment reached 6.1 months and 
that in the TNBC subgroup, it was 5.8 months.24 
Real-world studies in Japan25,26 and China27 have 
also revealed that eribulin showed excellent anti-
tumor activity in patients with various subtypes of 
ABC. The frontline application of eribulin can 
bring long-term survival benefits to patients. 
Previous studies have shown that eribulin-based 
combination therapy (targeted therapy,28 immu-
notherapy,19,29 etc.16) has better efficacy and 
safety. In addition, Cortes et al.6 found that eribu-
lin can increase tumor microvascular density 
(eliminate hypoxia) and improve tumor vascular 
abnormalities (alleviate hypoxia, increase tumor 
perfusion, and reduce tumor interstitial fluid 
pressure). Meanwhile, many phase III clinical tri-
als have been carried out on the combination 
therapy of antiangiogenic drugs [bevacizumab 
(NCT04732598), anlotinib (NCT04405505), 
and apatinib (NCT04335006)] in the field of 
locally advanced or MBC. Therefore, this multi-
center study aims to investigate further the effi-
cacy and safety of eribulin combined with 
antiangiogenic drugs in Chinese patients with 
advanced HER2-negative breast cancer, accord-
ing to their previous treatment lines.

In previous domestic and international clinical 
studies, eribulin has shown both efficacy and qual-
ity of life benefits. However, eribulin became 
available in China in 2019. Its clinical application 

of combination therapy in Chinese patients is still 
short-term. Therefore, this study analyzed patients 
receiving bevacizumab, anlotinib, or apatinib in 
combination with eribulin from four cancer cent-
ers in China. From October 2020 to April 2023, a 
total of 85 women with HER2-negative MBC 
treated with eribulin combined with antiangioge-
netic agents were enrolled. Findings from this 
study showed the effectiveness of eribulin + antian-
giogenic therapy treatment in China women 
patients with HER2-negative MBC in a real-world 
clinical setting. Among the 85 patients, 29 patients 
were PR (34.1%), 35 patients were SD (41.2%), 
and 21 patients were PD (24.7%). The ORR was 
34.1% (29/85), and DCR was 75.3% (64/85). 
The mPFS of patients treated with first to second 
line and greater than or equal to third line were 
7.7 and 4.3 months, respectively (p = 0.003), and 
mOS was immature. Concerning safety, eribulin 
plus antiangiogenic therapy was associated with 
mild toxic effects, most of grade 1 or 2. 
Hematologic toxicity [leukopenia (25.9%) and 
neutropenia (28.2%)] was the most common 
grade ⩾3 AEs, and AEs were more common in 
patients in greater than or equal to third line treat-
ment. No statistical difference in hematologic tox-
icity existed between the first to second line and 
greater than or equal to third line treatment. 
Further safety analysis of eribulin combined with 
bevacizumab and the TKIs group showed many 
differences in adverse reactions between the two 
groups. However, the results may be considered a 
reference due to the significant difference in the 
patient distribution number of the two groups.

A prospective, open-label, single-arm, multicenter 
phase II trial (ESMERALDA) showed that 

Items Univariate Multivariate

HR 95% CI p HR 95% CI p

CDK4/6i

 No – – –  

 Yes 1.370 0.767–2.444 0.287  

Number of lines of prior therapies

 1st–2nd line – – – – – –

 ⩾3rd line 2.126 1.256–3.598 0.005 2.172 1.283–3.677 0.004

BRCA, breast cancer susceptibility gene; CDK4/6i, cyclin-dependent kinase 4/6 inhibitor; TKI, tyrosine kinase.
p<0.05 was considered statistically significant.

Table 4. (Continued)
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eribulin plus bevacizumab was associated with a 
mPFS of 8.3 months (95% CI: 7.0–9.6) in patients 
with HER2-negative MBC. The median OS was 

28.3 months (95% CI: 22.8–33.9). The incidence 
of patients who perceived grade 3/4 AEs was low. 
Brain metastases may cause peri-neoplastic 

Figure 3. Kaplan–Meier plot for PFS in subgroup. (a) Kaplan–Meier plot for PFS of brain metastatic. (b) Kaplan–Meier plot for PFS 
of molecular type. (c) Kaplan–Meier plot for PFS of treatment (bevacizumab versus TKIs). (d) Kaplan–Meier plot for PFS of TNBC 
patients with first to second line and greater than or equal to third line.
PFS, progression-free survival; TKI, tyrosine kinase; TNBC, triple-negative breast cancer.
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edema. In vivo and in vitro studies have shown 
that VEGF is the initiating factor of peri-neoplas-
tic edema in intracranial lesions.30 Bevacizumab 
can reduce the degree of cerebral edema by reduc-
ing vascular permeability and exudate accumula-
tion, thereby reducing symptoms and discomfort 
in patients. In combination with other chemother-
apy drugs, by inhibiting angiogenesis and improv-
ing drug delivery, it can also improve the efficacy 
of chemotherapy drugs in brain metastases and 
even improve the prognosis.31 Of the 11 patients 
with brain metastases in this study, 7 were triple 
negative. In addition, there were six cases in first 
to second line group and five cases in greater than 
or equal to third line group. Ten patients were 
treated with eribulin plus bevacizumab. The rea-
sons for poor PFS in patients with brain metasta-
ses were analyzed comprehensively, including that 
not all patients received targeted treatment for 
brain metastases (e.g. brain radiotherapy). 
Secondly, all 11 patients had ⩾3 metastatic sites, 
which may indicate that the patient’s own tumor 
load was also significant. In addition, the phase II 
Empathy study of eribulin plus anlotinib showed 
that the DCR of eribulin alone and eribulin plus 
anlotinib was 66.7% versus 100% (p = 0.007), and 
the ORR was 37% versus 38.9%, respectively. The 

mPFS was 3.7 months versus 9.7 months (HR: 
0.20, 95% CI: 0.04–0.91, p = 0.04). Regarding 
safety, the most common grade 3/4 AE in eribulin 
combination with eribulin + anlotinib group were 
decreased neutrophil count (25.0% versus 29.2%), 
increased transaminase (6.3% versus 0%), and 
reduced platelet count (3.1% versus 0%).

The first to second line mPFS in this multicenter 
study was comparable with the frontline mPFS 
reported in previous trials. However, there are 
apparent differences between patient populations, 
such as 16% of ESMERALDA patients with 
TNBC versus 70% of our first to second line 
patients with TNBC. In addition, the time period 
of patients receiving this combination in China in 
our study overlapped with the epidemic time of 
COVID-19. So, treatment cycles of some patients 
have been delayed due to the prevention and con-
trol policy of the epidemic to a certain extent, 
which might affect the efficacy. In terms of safety, 
there appeared to be differences in individual AE 
items between patients in this study and those in 
clinical trials. For both study groups, clinically sig-
nificant safety outcomes, such as discontinuation 
of treatment due to AEs or AEs requiring hospi-
talization, appeared to be lower than those 

Figure 4. Kaplan–Meier plot for PFS and OS in first to second line and greater than or equal to third line patients with 
eribulin + antiangiogenic therapy. (a) Kaplan–Meier plot for PFS. (b) Kaplan–Meier plot for OS.
OS, overall survival; PFS, progression-free survival.
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reported in clinical trials. This may be due to dif-
ferences in the frequency of assessments and the 
retrospective study. Overall, the clinical safety 
profile of eribulin plus antiangiogenic agents was 
consistent with the known safety profile,26,32 and 
didn’t identify new safety concerns.

As most patients with hormone receptor-positive 
ABC choose first-line endocrine therapy, guide-
lines recommend salvage chemotherapy as the 
first choice for patients with visceral metastasis, 
previous endocrine therapy resistance, or no best 
endocrine therapy options. Therefore, in this 
study, most patients in the first to second line 
group were TNBC patients. Due to the influence 
of tumor-infiltrating lymphocytes, tumor muta-
tion burden, and Programmed cell death-ligand 1 
(PD-L1) expression, immunotherapy has become 
a hot spot in treating advanced TNBC. Impassion 
130 study showed that the PFS of first-line immu-
notherapy combined with chemotherapy in 
patients with advanced TNBC was 7.2 months 
(p = 0.002). The Keynote-355 study indicated 
that in patients with PD-L1 Combined positive 
score (CPS) ⩾10, the PFS in the pembroli-
zumab + chemotherapy group was 9.7 months, 
the 6-month PFS rate was 65.0%, and the 
12-month PFS rate was 46.9% (p = 0.0012). 
Previous studies have shown that antiangiogene-
sis therapy can improve the immune microenvi-
ronment, so immunotherapy combined with 
antiangiogenesis treatment has a synergistic 
effect.33 A multicenter phase II trial of camreli-
zumab combined with apatinib and eribulin in 
patients with advanced TNBC showed a mPFS 
of 8.1 months (95% CI: 4.6–10.3). Regarding 
safety, the incidence of grade 3/4 TRAE was 
41.3%, mainly including neutropenia and throm-
bocytopenia.19 Although this study was more 
effective, the rate of grade 3/4 AEs was higher. In 
our study, TNBC patients with first to second 
line therapy showed a significantly longer PFS 
than the greater than or equal to third line group 
(6.5 m versus 2.0 m, 95% CI: 4.4–8.6 versus 0.9–
3.1, p = 0.021). Therefore, the combination of 
eribulin and antiangiogenic drugs might be 
another option for frontline treatment of TNBC, 
especially for PD-L1 negative TNBCs with less 
benefit from immune checkpoint inhibitors.

Despite these positive findings, this study has 
limitations. A significant limitation is that 
although it is a multicenter database, the study 
design is retrospective and observational, and the 
number of cases is small. Meanwhile, the fact 

that these are not standard regimens which are 
supported only by immature phase 2 data. It is 
necessary to confirm the findings in a large, pro-
spective study. In addition, due to the late intro-
duction of eribulin in China, many patients were 
in the greater than or equal to third line treat-
ment group (the median number of chemother-
apy lines was 4). In addition, some patients have 
delayed treatment due to the influence of 
COVID-19 prevention and control treatment. 
Differences might also exist among physicians 
selecting patients for eribulin plus antiangiogenic 
therapy treatment, as uniform assessment criteria 
were not used to judge the suitability of eribulin. 
This will more or less affect the results of the 
study. In comparing AEs of antiangiogenic drugs, 
the reliability of the results is also affected due to 
the significant difference in the number of eribu-
lin combined with bevacizumab and with TKIs. 
Despite these limitations, the current study pro-
vides data in a real-world setting and will help 
future clinical practice.

Conclusion
In conclusion, eribulin combined with antian-
giogenic agents has shown promising efficacy 
and tolerable toxicity in patients with HER2-
negative MBC. This combination provided new 
chemotherapy options for HER2-negative MBC 
patients, especially in frontline treatments. 
Further exploration with a larger sample size is 
warranted in the future.
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