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Abstract

Background: Visceral metastases account for 48–67% of metastatic breast cancer (MBC) patients and presage a
worse overall survival. Previous study suggested potential effect of nab-paclitaxel on patients with visceral
metastases subgroups. This phase II trial was conducted to explore the efficacy and safety of nab-paclitaxel in such
a high-risk group of patients.

Methods: In this prospective, single-center, open-label, phase II study, MBC patients with visceral metastases (N =
80) received nab-paclitaxel (Abraxane, 125 mg/m2, D1, D8, D15 every 28 days).

Results: The median PFS was 5.1 months (95% CI: 4.2–6.0 months), with an ORR of 33.8% (95% CI 21.3–43.8%) and
CBR of 66.2% (95% CI 56.3–75.0%). In univariate analysis, patients with premenopausal status had a trend of better
treatment outcome. Multivariate analysis demonstrated non brain metastasis (adjusted HR 0.31, 95% CI 0.12–0.83,
P = 0.019) and first line treatment (adjusted HR 0.37, 95% CI 0.17–0.81, P = 0.013) as independent predictors of
longer PFS. The overall safety was acceptable with most common treatment-related, grade ≥ 3 toxicities of
neutropenia (16.3%) and sensory neuropathy (3.7%).

Conclusions: This phase II trial documented satisfactory efficacy and safety of nab-paclitaxel in MBC patients with
visceral metastases, providing evidence for relative clinical practice. Patients in first line therapy had better
treatment outcome. For patients with premenopausal status or brain metastasis, further alternatives (for example,
combined chemotherapy or targeting therapy) might be required. This study also demonstrated the efficacy and
safety of 125 mg/m2 nab-paclitaxel among Asian patients.

Trial registration: This research is registered under clinicaltrials.gov (NCT 02687490, February 22, 2016).

Keywords: Metastatic breast Cancer, Chemotherapy, Nab-paclitaxel

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: wangbiyun0107@hotmail.com; huxichun2017@163.com
†Yizhao Xie, Chengcheng Gong, Biyun Wang and Xichun Hu contributed
equally to this work.
1Department of Medical Oncology, Fudan University Shanghai Cancer
Center, No.270, Dong’an Road, Xuhui District, Shanghai 200032, China
Full list of author information is available at the end of the article

Xie et al. BMC Cancer         (2021) 21:1174 
https://doi.org/10.1186/s12885-021-08921-2

http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-021-08921-2&domain=pdf
http://clinicaltrials.gov
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:wangbiyun0107@hotmail.com
mailto:huxichun2017@163.com


Introduction
Among female malignancy, breast cancer (BC) remains
the most common type and a primary cause of cancer-
related death worldwide, leading to nearly 464 thousand
deaths per year, mostly for metastatic breast cancer
(MBC) [1, 2]. The incidence and mortality of breast can-
cer keep growing in China as well, according to epidemi-
ologic study [3].
Visceral metastases were found in 48–67% patients with

metastatic breast cancer [4, 5]. Studies showed that pa-
tients with visceral metastases had worse treatment out-
come and shorter overall survival (OS) compared to other
MBC patients, suggesting that visceral metastasis was a
highly poor prognostic factor in terms of breast cancer
[4–7]. Furthermore, National Comprehensive Cancer Net-
work (NCCN) guideline recommends chemotherapy to
luminal type MBC with visceral crisis [8].
Nanoparticle albumin-bound (nab)-paclitaxel is a bio-

logically interactive, albumin-bound formation of pacli-
taxel particle developed to avoid or minimize the
toxicities associated with traditional paclitaxel and doce-
taxel such as sensory neuropathy, neutropenia and se-
vere hypersensitivity. Preclinical study showed that nab-
paclitaxel had 33% higher paclitaxel concentration to tu-
mors and enhanced transport across endothelial cells
compared to standard paclitaxel [9]. A phase III trial en-
rolled 454 MBC patients and randomized them into 3-
week cycles of either 260 mg/m2 nab-paclitaxel or 175
mg/m2 standard paclitaxel, showing results of a signifi-
cantly better overall response rate (ORR, 33% vs 19%;
P = 0.001), longer time to progression (TTP, 5.3 vs 3.9
months; P = 0.006) and subgroup analysis showed a sig-
nificant higher ORR in visceral disease patients of nab-
paclitaxel group compared to standard group (34% vs
19%, p = 0.002), [10]. Another phase two trial explored
three different nab-paclitaxel doses (300mg/m2 q3w,
100 mg/m2, or 150 mg/m2 qw) and docetaxel 100 mg/
m2 q3w for untreated patients with MBC and indicated
that the 150 mg/m2 qw regimen of nab-paclitaxel
showed extended progression free survival (PFS) than
docetaxel (12.9 vs 7.5 months, P = 0.0065), with lower
rate of grade 3/4 neutropenia, febrile neutropenia, and
fatigue, moreover, 84% patients in this trial had visceral
metastases [11]. After permission by the drug adminis-
tration, real world data also indicated safety and efficacy
of nab-paclitaxel in clinical use [12, 13].
Since subgroup analysis indicated a potential positive

effect of nab-paclitaxel in visceral metastasis patients,
here we conducted a phase II clinical trial of nab-
paclitaxel in MBC patients with visceral metastases. The
present study aimed to explore the efficacy and safety of
nab-paclitaxel in such a high-risk group of patients. We
also explored the use of 125mg/m2 nab-paclitaxel
among Asian patients.

Methods
This prospective, single-center, open-label, phase II
study was conducted in Fudan University Shanghai Can-
cer Center. The protocol and related materials were ap-
proved by the appropriate institutional review boards
and independent ethics committees. All process of this
study was incompliance with the Declaration of Helsinki
and the relevant guidelines. All of the patients signed
written informed consent forms before study. This re-
search is registered under clinicaltrials.gov (NCT
02687490).

Patients
Eligible patients were nonpregnant, nonlactating 18 to
70 years old females with histologically or cytologically
confirmed, measurable MBC with an expected survival
of more than 12 weeks. Patients were included if they
had radiologically or histologically confirmed visceral
dominant metastases; were expected to acquire benefit
from chemotherapy; received paclitaxel in metastatic set-
ting should be proven effective to prior paclitaxel based
regimen and disease progressed after at least 3 months
from the last administration of paclitaxel; received pacli-
taxel as neoadjuvant/adjuvant therapy can be enrolled if
disease relapsed after at least 6 months from the comple-
tion of neoadjuvant/adjuvant chemotherapy; had accept-
able clinical laboratory test results at baseline.
Patients were excluded from participation if they had

an Eastern Cooperative Oncology Group performance
(ECOG) status of more than 2; received treatment with
other experimental drug within 4 weeks before enroll-
ment; received radiotherapy of axial bones within 4
weeks before enrollment or lack of recovery from prior
radiotherapy; had symptomatic central nervous system
metastases; had uncontrolled serious infection; or had
other malignancy within the previous 5 years except
nonmelanoma skin cancer, cervical intraepithelial neo-
plasia, or in situ cervical cancer.

Treatments
Patients were treated with nab-paclitaxel (Abraxane, 125
mg/m2, D1, D8, D15 every 28 days) until disease pro-
gression (PD), death, unacceptable toxicity, or physi-
cian’s decision. Combined treatments were allowed
based on physician’s choice, for instance, trastuzumab
and bevacizumab.

Assessments
All patients included in the study were evaluated with
appropriate cross sectional imaging studies for disease
response at baseline and every 8 weeks. Complete re-
sponse (CR), partial response (PR), stable disease (SD)
and PD were defined and assessed according to the Re-
sponse Evaluation Criteria in Solid Tumors (RECIST)
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1.1. CRs and PRs required subsequent confirmation of
response at least 4 weeks later.
The primary efficacy measure was PFS; secondary effi-

cacy measures were ORR, OS and safety. PFS was de-
fined as the time from study registration to disease
progression or death from any cause. OS was defined as
the time from study registration to death from any
cause. Safety was evaluated as adverse events (AEs) ac-
cording to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events (CTCAE) version
4.03.

Statistical analysis
The planned enrollment for this study was at least 70
patients. The sample size of 70 would have provided an
estimated PFS of 5 months, 80% power, with a two-sided
type I and type II error of 0.05.
Clinicopathologic characteristics was summarized in

descriptive statistics. PFS and OS were estimated by the
Kaplan-Meier method and the hazard ratios (HRs) and
corresponding 95% confidence intervals (CIs) were esti-
mated using the Cox proportional harzard model. Ex-
ploratory analyses were performed with the log- rank
test. Cox multivariate models were performed based on
the univariate analyses results. CBR and ORR were cal-
culated with their 95% CI. Toxicities were summarized,
and the maximum grade per patient was used as the
summary measure. P value less than 0.05 was considered
statistically significant. All statistical analyses were man-
aged using SPSS version 23.0.

Results
Patients
From March 2016 through September 2020, 80 patients
were enrolled on this study and treated at Fudan Univer-
sity Shanghai Cancer Center. All patients received at
least one dose of the study treatment and were consid-
ered evaluable for toxicity and response. The mean age
of patients was 52 years (range 26–86). A majority of pa-
tients were estrogen receptor (ER)/progesterone receptor
(PR) positive (76.3%), while 22.5% patients were triple
negative and 2 patients (2.5%) were human epidermal
growth factor 2 (HER2) positive. Most patients were in
stable status (ECOG 0–1). Liver metastasis accounts for
67.5% patients, followed by lung metastasis (61.3%) and
brain metastasis (6.3%). Patients usually had 3 or more
metastasis sites (62.5%). The median prior metastatic
chemotherapy regimens were 2 lines. A small minority
of patients received combined treatment together with
nab-paclitaxel (15%), mostly for targeting therapy, which
was shown in Fig. 1. Baseline patient characteristics are
summarized in Table 1.

Efficacy
The median PFS was 5.1 months (95% CI: 4.2–6.0
months, Fig. 2). As for the best treatment response,
there were 26(32.5%) patients with PR, 27(33.8%) pa-
tients with SD and 27(33.8%) patients with PD, yielding
an ORR of 33.8% (95% CI 21.3–43.8%) and CBR of
66.2% (95% CI 56.3–75.0%). Table 2 summarized the
outcomes of patients treated on this protocol. The me-
dian OS were not reached at the time of analysis.

Fig. 1 Combined treatment regimens
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In subset analysis, the median PFS according to mo-
lecular types was 5.1 (95% CI 4.2–6.0) months for lu-
minal and 4.1 months (95% CI 1.5–6.7) for TNBC (p =
0.8, Fig. 3A). The median PFS of HER2+ patients was
not available due to sample size. Patients receiving nab-
paclitaxel as first line had longer PFS compared to later
lines [mPFS 12.5 months (95% CI:3.8–21.1) versus 4.6
months (95% CI:3.7–5.5), P = 0.007, Fig. 3B]. Patients
with brain metastasis showed poorer outcome com-
pared to others [2.8 months (95% CI:1.0–4.6) versus
5.1 months (95% CI: 4.3–5.9), P = 0.004, Fig. 3C].
Postmenopausal women had a trend of longer PFS
(5.4 months, 95% CI 3.9–6.8) in comparison with pre-
menopausal women (3.6 months, 95% CI 1.3–5.8, P =
0.051, Fig. 3D). No significant difference or trend of
PFS was observed in patients receiving combined
treatment or not; age over 65 or not; had over 3
metastatic sites or not (P > 0.1).

Multivariate analysis demonstrated non brain metasta-
sis (adjusted HR 0.31, 95% CI 0.12–0.83, P = 0.019) and
first line treatment (adjusted HR 0.37, 95% CI 0.17–0.81,
P = 0.013) as independent predictors of longer PFS.

Safety
The most common treatment-related, grade ≥ 2 toxicities
were neutropenia (42.5%), sensory neuropathy (18.8%),
fatigue (6.2%), leukopenia (6.2%), arthralgia/myalgia (5%)
and diarrhea (5%). Lung infection was seen in 2 patients
(2.5%), which might be owing to neutropenia. Skin rash
occurred in 2 patients (2.5%) probably because of allergy.
Grade 4 hematologic toxicities were observed in 8 pa-
tients (10%). Only one patient (1.2%) developed grade 4
sensory neuropathy. Table 3 summarized the grade 2
and greater toxicities observed in this study thought to
be possibly, probably or definitely related to the study
treatment.

Table 1 Patient characteristics at baseline

Characteristics Total
N = 80

Percentage
%

Median Age (range) 52 (26–86)

ER/PR/HER2 status

ER and/or PR positive 61 76.3

ER and PR negative 19 23.7

HER2 positive 2 2.5

HER2 negative 78 97.5

Triple negative 18 22.5

ECOG

0–1 77 96.2

≥ 2 3 3.8

Menopausal status

Premenopausal 22 27.5

Postmenopausal 58 72.5

Metastatic sites

Lung 49 61.3

Liver 54 67.5

Brain 5 6.3

Number of metastatic sites

1–2 30 37.5

≥ 3 50 62.5

Prior metastatic chemotherapy regimens Median: 2 (Range 0–8)

0 30 37.5

1 22 27.5

≥ 2 28 35

Combined Treatment

Yes 12 15

No 68 85
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Discussion
In this prospective, phase II trial, we examined the effi-
cacy and safety of nab-paclitaxel in MBC patients with
visceral metastases. To the best of our knowledge, this is
the first direct investigation of nab-paclitaxel in MBC
patients with visceral dominant metastases.
We reported a mPFS of 5.1 months and ORR of 33.8%,

which conformed to previous studies on nab-paclitaxel for
different lines of MBC patients (mPFS 5.75months, ORR
33%), despite of limitation of visceral metastases [10].
Other studies explored nab-paclitaxel as first line treat-
ment demonstrated a mPFS of 7.1–12.9months, which
could be attributed to first line treatment as well as non-
selection of visceral metastasis [11, 14]. With regards to
novel chemotherapy eribulin, a phase III trial indicated a
mPFS of 4.1 months when treating MBC patients

pretreated with anthracycline- and taxane-based therapy,
which was similar in comparison to our data [15]. As for
targeting therapy of luminal type disease, investigators ex-
plored the Palbociclib plus endocrine therapy in patients
with visceral metastases and showed a mPFS of 9.2
months for patients with prior resistance to endocrine
therapy, which was prolonged possibly owing to ER/PR
positive disease and chemotherapy naive for metastatic
pattern [5]. Furthermore, this study explored the use of
125mg/m2 nab-paclitaxel among Asian patients. In all,
our data showed a pleasant treatment result of nab-
paclitaxel for patients with visceral metastases.
In univariate analysis, although luminal type had higher

mPFS value, no significant difference was observed be-
tween luminal type and TNBC, which could be attributed
to limited sample size of TNBC and heavy pre-treatments.
Interestingly, we observed a trend of longer PFS in pre-
menopausal patients compared to postmenopausal
women, and we consider a relative younger age to be a
possible cause. Partidge et al. conducted a prognosis study
enrolling 17,575 breast cancer patients and indicated a sig-
nificant worse treatment outcome of patients less than 40
years old in contrast with elder patients [16]. Therefore,
we recommended young patients to receive more aggres-
sive treatment regimens if possible. Statistical difference
was not found between combined treatment and mono-
therapy, mainly because of a limited sample size.

Fig. 2 Kaplan–Meier curves for progression-free survival

Table 2 Summary of best overall patient response

Response N = 80
(%)

95% CI

Complete response 0 (0)

Partial response 26 (32.5)

Stable disease 27 (33.8)

Progressive disease 27 (33.8)

ORR% 33.8 21.3–43.8

CBR% 66.2 56.3–75.0
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Non brain metastasis and first line treatment appeared
to predict greater PFS even after balancing the known
factors. We have discussed the superiority of first line
therapy before, which was also demonstrated by clinical
and observational trials [10, 12]. Paclitaxel has limited

effect on brain metastasis probably due to constrained
efflux transport mechanisms present at the blood brain
barrier, which leads to a sub-therapeutic and non-
uniform drug concentrations in brain metastatic tumor
[17, 18]. Although nab-paclitaxel showed an increased

Fig. 3 Kaplan–Meier curves for progression-free survival by: A. Molecular types B. Treatment lines C. Brain metastasis or not D. Menopausal status

Table 3 Summary of grade 2 and greater toxicities

Adverse events (%) Toxicity grade (N = 80)

Grade 2 Grade 3 Grade 4 All

Neutropenia 21 (26.2) 6 (7.5) 7 (8.8) 34 (42.5)

Sensory Neuropathy 12 (15) 2 (2.5) 1 (1.2) 15 (18.8)

Fatigue 5 (6.2) 0 0 5 (6.2)

Arthralgia / Myalgia 4 (5) 0 0 4 (5)

Diarrhea 1 (1.2) 3 (3.8) 0 4 (5)

Leukopenia 4 (5) 0 1 (1.2) 5 (6.2)

Elevated alanine aminotransferase 2 (2.5) 0 0 2 (2.5)

Infection 2 (2.5) 0 0 2 (2.5)

Rash 2 (2.5) 0 0 2 (2.5)
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brain uptake and toxicity against P-glycoprotein express-
ing cancer cells of a rat model, clinical trials did not re-
port a positive result [19]. Thus, certain treatment of
brain metastasis remained controversial.
The toxicity profile indicated a comparable result to

previous studies, with most frequent grade 3/4 AE of
neutropenia and sensory neuropathy [10, 11]. Although
3 patients reduced treatment dose because of dose limit-
ing toxicities, the overall safety was acceptable consider-
ing a cytotoxic drug. Notably, 3 patients developed
unusual grade 3 diarrhea, which could be attributed to
individual difference and all patients were relieved after
use of loperamide.

Conclusions
In conclusion, this phase II trial documented satisfactory
efficacy and safety of nab-paclitaxel in MBC patients
with visceral metastases, providing evidence for relative
clinical practice. Patients in first line therapy had better
treatment outcome than later lines. For patients with
premenopausal status or brain metastasis, further alter-
natives (for example, combined chemotherapy or target-
ing therapy) might be required. This study also
demonstrated the efficacy and safety of 125 mg/m2 nab-
paclitaxel among Asia patients.
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