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Introduction

Breast cancer is the most common malignancy diagnosed 
in women worldwide and the second leading cause of 
cancer-related death in women, only after lung cancer (1). 
In the United States, 249,260 new breast cancer cases are 
expected in 2016 (2). Over the last decade, breast cancer 
death rates have decreased in large due to advances in early 
detection and improved therapies (2). The majority of 
breast cancer cases are diagnosed at an early localized stage 
and the five-year survival rate is close to 100%; however, 
5–9% of women present with metastatic disease at the time 
of diagnosis with a five-year survival rate of 26% (2,3). 
Furthermore, up to 30% of women diagnosed with early-
stage breast cancer will develop metastatic disease despite 
treatment (4). The majority of breast cancer-related deaths 

are due to complications from recurrent or metastatic 
disease (5). It is estimated that 40,890 women in the U.S. 
will die of breast cancer in 2016 (2). 

Treatment options for metastatic breast cancer (MBC) 
have expanded significantly over the last two decades 
due to a better understanding of the heterogeneity of the 
disease. The identification of intrinsic molecular subtypes 
with prognostic and predictive biomarkers has offered 
therapeutic targets (6). Treatment options include endocrine 
therapies, monoclonal antibodies, antibody-drug conjugates, 
targeted therapies and different types of chemotherapy. 
Despite striking discoveries and a broad therapeutic 
armamentarium, MBC remains incurable. The goal of 
treatment of MBC is to prolong survival and to improve 
quality of life by mitigating cancer-related symptoms 

Review Article

Chemotherapy principles of managing stage IV breast cancer in 
the United States

Leonel F. Hernandez-Aya, Cynthia X. Ma

Division of Medical Oncology, Department of Medicine, Washington University School of Medicine, St. Louis, USA

Contributions: (I) Conception and design: All authors; (II) Administrative support: None; (III) Provision of study materials or patients: All authors; 

(IV) Collection and assembly of data: All authors; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors.

Correspondence to: Cynthia X. Ma, MD, PhD. Division of Medical Oncology, Department of Medicine, Washington University School of Medicine, 

660 S. Euclid Ave, Campus Box 8076, St. Louis, MO 63110, USA. Email: CMa@DOM.wustl.edu.

Abstract: The therapeutic landscape for metastatic breast cancer (MBC) has expanded greatly over the 
last three decades with an increasing availability of targeted therapies for specific breast cancer subtypes. 
However, cytotoxic chemotherapy remains an essential component for the management of endocrine 
refractory or triple negative MBC. Multiple chemotherapy agents have demonstrated activity in MBC as 
single agents and in combination. While taxanes are frequently recommended as the initial treatment of 
metastatic disease, capecitabine is a convenient oral therapy with well received toxicity profile. Eribulin is 
the only agent that demonstrated overall survival (OS) benefit in a phase III clinical trial when compared 
to treatment of physician choice in heavily pre-treated patients. Ixabepilone, gemcitabine, vinorelbine and 
platinum agents have demonstrated activity and, therefore, constitute additional therapeutic options. In this 
review, we will discuss the data supporting the use of different cytotoxic agents and the general principles in 
guiding the use of chemotherapy.

Keywords: Metastatic breast cancer (MBC); chemotherapy; cytotoxic agents; taxane; anthracycline; capecitabine; 

eribulin; ixabepilone; vinorelbine

Submitted Mar 09, 2016. Accepted for publication Mar 31, 2016.

doi: 10.21037/cco.2016.04.01

View this article at: http://dx.doi.org/10.21037/cco.2016.04.01 



Hernandez-Aya and Ma. Principles of cytotoxic chemotherapy in MBC

© Chinese Clinical Oncology. All rights reserved. Chin Clin Oncol 2016;5(3):42cco.amegroups.com

Page 2 of 15

without increasing toxicity. In order to accomplish these 
goals, the treatment plan should be individualized. This 
review article addresses the general principles of cytotoxic 
chemotherapy in HER2 negative MBC. 

Indications for cytotoxic chemotherapy in 
advanced breast cancer

Cytotoxic chemotherapy is a therapeutic option for 
many patients with MBC. Chemotherapy is generally 
recommended as first line treatment for patients with 
hormone receptor (HR)-negative breast cancer, patients 
with Human Epidermal Growth Factor Receptor 2 
(HER2)-positive disease (in combination with HER-2 
directed therapy), patients with HR-positive breast cancer 
with symptomatic visceral crisis or with endocrine resistance 
(i.e., patients who do not respond to three sequential 
endocrine therapy regimens) (7,8). 

For patients with MBC in whom chemotherapy is 
recommended, the decision on a specific therapy should be 
individualized based on disease- and patient-related factors 
such as tumor biology, disease growth rate and presence of 
visceral metastases, menopausal status, comorbidities, prior 
therapies and patient preference. For instance, in patients 
with limited tumor burden or minimal cancer-related 
symptoms, single-agent treatment is less toxic and overall 
survival (OS) is similar when compared with combination 
chemotherapy. A meta-analysis by Dear et al., included 
2,317 patients with MBC from 12 randomized clinical 
trials to assess the effect of combination chemotherapy (9) 
compared to the same drugs given sequentially. This study 
showed higher tumor response rates in the combination 
arm [RR 1.16; 95% confidence interval (CI), 1.06–1.28; 
P=0.001], however, there was no difference in OS between 
combination versus sequential monotherapy (HR 1.04, 95% 
CI, 0.93–1.16; P=0.45) and the risk of febrile neutropenia 
was higher in the combination arm (RR 1.32; 95% CI, 1.06–
1.65; P=0.01) (9). The appropriate patients for combination 
chemotherapy are those in which a rapid response is needed 
due to symptomatic disease, large tumor burden and rapid 
progression.

In patients in whom a single agent is recommended, an 
evaluation of the overall health status, comorbidities, prior 
treatments and toxicities may guide the choice of therapy. 
There are a number of drugs with single-agent activity in 
MBC. Anthracyclines and taxanes are considered the most 
active and frequently recommended as the initial treatment 
for patients with metastatic disease (10,11). In addition, 

capecitabine, eribulin, gemcitabine, ixabepilone, vinorelbine 
and etoposide have demonstrated single agent activity and, 
therefore, constitute therapeutic options. The selection 
should be individualized based on the relative benefits and 
toxicities of the drug.

Anthracyclines

The anthracyclines alone or in combination with other 
agents are among the most active therapies for the 
treatment of breast cancer. In the 1990s, doxorubicin was 
the comparator arm in most clinical trials evaluating newer 
agents. More recently, the use of anthracyclines has been 
declining in the metastatic setting due to the extensive use in 
the adjuvant setting and its limitations of cumulative toxicity 
although anthracyclines can be considered in those who did 
not receive an anthracycline in the past. The anthracyclines 
approved for the treatment of MBC are doxorubicin 
(60 to 75 mg/m2 every 3 weeks or 20 mg/m2 weekly for 
three weeks/1 week off), epirubicin (75 to 100 mg/m2  
every 3 weeks, or 20 to 30 mg/m2 weekly for three weeks/1 
week off) and pegylated liposomal doxorubicin (40 mg/m2 
every four weeks). Doxorubicin and epirubicin have similar 
efficacy and the choice between them is mainly driven 
by geographic location and institutional preference. The 
response rates (RR) for doxorubicin and epirubicin in the 
metastatic setting depend on prior chemotherapy exposure. 
In phase II studies of previously untreated patients  
(12-14), the RR of doxorubicin is approximately 50%, 
compared to approximately 30% in patients pretreated with 
chemotherapy (15-17). 

The risk of cardiac toxicity is a major factor to consider 
when choosing an anthracycline in the treatment of MBC. 
Anthracyclines may cause acute and late cardiotoxicity 
especially in patients with preexisting cardiovascular 
disease, concomitant cardiotoxic agents, concurrent or 
prior chest irradiation and advanced age (18,19). Early 
cardiotoxicity peaks at three months after last anthracycline 
infusion and may present with arrhythmias, ECG changes, 
acute pericarditis or decline in left ventricular ejection 
fraction. Late cardiotoxicity may occur 10 to 15 years after 
anthracycline treatment and presents with clinical heart 
failure or subclinical decline in myocardial function (20). 
The cardiac toxicity of anthracyclines is strongly correlated 
with the cumulative dose with higher rates of symptomatic 
heart failure reported in patients who received more 
than 550 mg/m2 of doxorubicin (21,22). Therefore, it is 
generally recommended that cumulative doxorubicin and 
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epirubicin doses be limited to 450 to 500 and 900 mg/m2, 
respectively. Dexrazoxane is an EDTA-like chelator that 
may prevent anthracycline-related cardiac damage (23), 
although there is concern of its association with decreased 
tumor response to anthracycline. For patients that are 
responding to anthracycline treatment but cumulative 
dose is a concern (e.g., >300 mg/m2 cumulative dose of 
doxorubicin), dexrazoxane may be used concurrently with 
the anthracycline to reduce the risk of cardiotoxicity. 

The use of pegylated and nonpegylated liposomal 
anthracyclines allows higher cumulative doses with lower 
incidence of cardiotoxicity (24). Smith et al., conducted 
a meta-analysis of liposomal doxorubicin compared with 
conventional doxorubicin in patients with MBC. Liposomal 
doxorubicin decreased the risk of clinical cardiotoxicity 
(OR 0.18; P<0.0001), subclinical cardiotoxicity (RR 
0.31; P<0.0001) and any cardiotoxic event (RR 0.30;  
P<0.0001) (25). In terms of efficacy, pegylated liposomal 
doxorubicin administered every 4 weeks appears to be 
equally effective and less toxic compared with doxorubicin 
administered every three weeks. O’Brien et al., randomized 
509 patients with MBC (56% had previously received 
anthracyclines) to treatment with pegylated liposomal 
doxorubicin (50 mg/m2 every 4 weeks) or doxorubicin 
(60 mg/m2 every 3 weeks) (26). Compared with pegylated 
liposomal doxorubicin, doxorubicin resulted in slightly 
higher ORR (38% vs. 33%), similar progression free 
survival (PFS) (median, 7.8 vs. 6.9 months; HR 1.0; 95% 
CI, 0.82–1.22) and OS (median, 22 vs. 21 months; HR; 0.94, 
95% CI, 0.74–1.19), an increase in the risk of cardiotoxicity 
(26% vs. 7%, HR 3.16; 95% CI, 1.58–6.31) and higher rates 
of alopecia (66% vs. 20%), nausea (53% vs. 37%), vomiting 
(31% vs. 19%), and neutropenia (10% vs. 4%). Pegylated 
liposomal doxorubicin was associated with a higher rate of 
palmar-plantar erythrodysesthesia (48% vs. 2%), stomatitis 
(22% vs. 15%), and mucositis (23% vs. 13%) (26). Because 
of its lower cardiac toxicity, pegylated liposomal doxorubicin 
is often preferred than conventional anthracyclines in the 
metastatic setting. 

As first-line chemotherapy in MBC, anthracyclines 
have been compared with taxanes as single agents or both 
agents combined, and there is no evidence of superiority 
of either strategy in terms of OS. Paridaens et al., found 
higher response rates and median PFS with doxorubicin 
every 3 weeks compared to paclitaxel every 3 weeks. 
However, there was no significant difference in OS with a 
median survival of 18.3 months in the doxorubicin arm and  
15.6 months in the paclitaxel arm (P=0.38) (27). A meta-

analysis collected individual patient data on three single-
agent trials comparing taxanes with anthracyclines  
(n=919 patients). Median survival was 19.3 months and 
median PFS was 7.1 months. The response rates were 
similar in the taxanes (38%) and in the anthracyclines (33%) 
arms (P=0.08), the PFS was better in the anthracycline 
group (median, 7 vs. 5 months, P=0.011), but there was no 
difference in OS (HR 1.01; 95% CI, 0.88–1.16; P=0.90). Of 
note, this meta-analysis published in 2008 did not include 
trials using the weekly paclitaxel schedule (28). 

Taxanes

Docetaxel every 3 weeks; paclitaxel weekly

Taxanes are among the most widely used chemotherapy 
agents in the treatment of MBC. Several studies including 
a recent meta-analysis support the benefit of taxanes on 
clinical outcomes, including OS, time to progression 
(TTP) and response rates in MBC (29). Taxanes stabilize 
microtubules, leading to cell cycle arrest and, eventually, 
cell death (30-32). Paclitaxel (sb-paclitaxel, Taxol; Bristol-
Myers Squibb Co., Princeton, NJ, USA), docetaxel 
(Taxotere; sanofi-aventis US LLC, Bridgewater, NJ, USA), 
and nab-paclitaxel (Abraxane; Celgene Corporation, 
Summit, NJ, USA) are approved drugs for the treatment 
of recurrent and MBC. Paclitaxel is approved to be 
administered weekly (80 to 100 mg/m2 on days 1, 8, and 
15 of a 28-day cycle) or every three weeks (175 mg/m2). 
Docetaxel can be administered every three weeks (80 to  
100 mg/m2) or weekly (30 to 40 mg/m2 on days 1, 8, and 15 
of a 28-day cycle). Docetaxel is associated with a high risk of 
fluid retention, which is ameliorated by premedication with 
dexamethasone (33). Both paclitaxel and docetaxel require 
the use of solvents to enhance their solubility. Paclitaxel 
is mixed with the castor oil derivative Cremophor EL 
and docetaxel is formulated with the solvent polysorbated 
80. These solvents have been associated with allergic 
reactions and peripheral neuropathy (34-36). To decrease 
the risk of allergic reactions, patients are pretreated with 
corticosteroids.

The optimal schedule of administration of a taxane has 
been extensively investigated. A meta-analysis conducted 
by Mauri et al. (37), included 11 randomized clinical trials 
(n=2,540 patients) comparing weekly- and three-weekly 
taxanes in patients with advanced breast cancer. The weekly 
administration of paclitaxel resulted in higher OS compared 
to the three-week schedule (HR 0.78; 95% CI, 0.67–0.89; 
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P=0.001). There was no difference in PFS between the two 
schedules. In regard to docetaxel, there was no difference 
for the weekly compared to the three-week regimen for 
objective response rate, PFS and OS. However, due to the 
low number of patients included in the docetaxel studies, 
a firm conclusion might not be given. The incidence of 
serious adverse events, neutropenia, neutropenic fever, 
and peripheral neuropathy were significantly lower in 
weekly taxanes schedules. The incidence of nail changes 
and epiphora were significantly lower in the every three 
weeks docetaxel regimens (37). Furthermore, in an adjuvant 
randomized trial comparing the efficacy of paclitaxel versus 
docetaxel at different schedules, the group receiving weekly 
paclitaxel and the group receiving docetaxel every 3 weeks 
had significantly improved DFS and the group receiving 
weekly paclitaxel had improved OS (38). The results are 
consistent with other studies of MBC that demonstrated 
a benefit of weekly paclitaxel (39) or docetaxel every  
3 weeks (40), as compared with paclitaxel every 3 weeks. 
Weekly paclitaxel has not been compared with every three-
week docetaxel in the metastatic setting. 

Nab-paclitaxel—solvent free

Nab-Paclitaxel is a, solvent free, albumin-bound form of 
paclitaxel. Nab-paclitaxel has activity in MBC similar to 
other taxanes (41,42). In a phase III trial of patients with 
MBC, nab-paclitaxel at a dose of 260 mg/m2 every 3 weeks 
demonstrated superior antitumor activity compared with 
paclitaxel 175 mg/m2 every 3 weeks (41). In 2005, nab-
paclitaxel was approved for the treatment of MBC after 
failure of combination chemotherapy for metastatic disease 
or relapse within six months of adjuvant chemotherapy. 
Prior therapy should have included an anthracycline unless 
clinically contraindicated. More recently, paclitaxel and 
nab-paclitaxel were evaluated as first line treatment in 
combination with bevacizumab in the phase III Cancer 
and Leukemia Group B 40502/NCCTG N063H Alliance 
trial (43). In this study, 799 patients were randomized to 
bevacizumab with either weekly treatment with paclitaxel 
(90 mg/m2) or nab-Paclitaxel (150 mg/m2) on a three week 
on, one week off schedule. A third arm including weekly 
ixabepilone (16 mg/m2) was closed for futility at the first 
interim analysis. At the second planned interim analysis, 
the nab-paclitaxel arm crossed the futility boundary for 
superiority and was closed as well. There was no significant 
difference in PFS and OS between paclitaxel and nab-
paclitaxel. The median PFS was 11 months for paclitaxel 

and 9.3 months for nab-paclitaxel (HR 1.20; 95% CI, 
1.00–1.45); median OS was 26.5 months for paclitaxel and 
23.5 months for nab-paclitaxel (HR 1.17; 95% CI, 0.92–
1.47). Compared with paclitaxel, nab-paclitaxel resulted in 
worse hematologic and nonhematologic toxicity (P<0.001 
for both) and increased incidence of grade ≥2 sensory 
neuropathy (54% vs. 46%, P=0.031) (43). At this point the 
choice between taxanes is guided by patient comorbidities, 
schedule preference and toxicity profile. Due to the lower 
risk of hypersensitivity reactions with nab-paclitaxel 
compared to other taxanes, it may be preferable in patients 
with poor steroid tolerance such as diabetics.

Chemotherapy in patients with anthracycline- 
and taxane-resistant metastatic breast  
cancer (MBC)

Multiple chemotherapy agents, with diverse mechanisms of 
action, have been studied in patients that have progressed 
on an anthracycline- and taxane-based therapy. The key 
clinical trials investigating the most commonly used agents, 
as single therapy or in combination, are summarized in  
Table 1.

Capecitabine

Capecitabine is an oral prodrug of the antimetabolite 
fluorouracil (FU). Capecitabine is converted to FU by the 
enzyme thymidine phosphorylase. This enzyme is found in 
higher levels in breast tumors compared with healthy tissue 
which theoretically allows some tumor selectivity and less 
systemic toxicity compared with IV FU (57). The primary 
toxicities of capecitabine are hand-foot syndrome, mucositis 
and diarrhea. Capecitabine has been largely investigated 
as a single agent mostly in phase II clinical trials and in 
combination with other chemotherapy agents, most often a 
taxane (44,45,58-62).

Single agent capecitabine was compared with CMF 
(cyclophosphamide, methotrexate, and FU) as first line 
therapy in a randomized phase II study in patients with 
MBC (63). The overall response rate (ORR) in the 
capecitabine group was 30%, versus 16% in the CMF 
group. The median TTP was similar between the two 
groups (4.1 months for capecitabine and 3.0 months for 
CMF). However, OS was slightly longer in capecitabine 
treated patients compared to CMF (19.6 and 17.2 months, 
respectively). Diarrhea and hand-foot syndrome were 
more frequent with capecitabine, whereas the CMF 
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treated patients had more alopecia and grade 3 or 4  
neutropenia (63).  First  l ine combination therapy 
with capecitabine has also been investigated in MBC 
patients. Gradishar et al., investigated the combination 
of capecitabine with paclitaxel as first line in MBC (64). 
Capecitabine 1,650 mg/m2 per day divided in two doses 
for 14 days with paclitaxel 175 mg/m2 on day 1 was 
administered every 21 days. A total of 48 patients were 
enrolled, 77% of patients had received prior neoadjuvant 
and/or adjuvant chemotherapy. ORR was 51%, including 
17 patients with CR. Median OS was 29.9 months (64). 
A non-inferiority phase III trial compared capecitabine 
plus paclitaxel versus epirubicin plus paclitaxel as first line 
treatment for MBC (65). Most patients were chemotherapy-
naïve and without exposure to anthracyclines. The primary 
endpoint, to demonstrate the noninferiority of capecitabine 
plus paclitaxel to epirubicin plus paclitaxel, was not met. 
Therefore, despite similar response rates, PFS and OS 
between the two regimens, this trial could not confirm that 
the regimen of capecitabine plus paclitaxel is noninferior to 
epirubicin and paclitaxel in the first line setting (65).

In patients that have progressed on anthracyclines, 
capecitabine was compared to paclitaxel in a small phase 
II study (66). Patients were randomized to receive either 
capecitabine (2,510 mg/m2 per day in two divided doses 
for 14 days followed by seven days of rest) or paclitaxel  
(175 mg/m2 IV on day 1 of every 21 days). ORR was similar 
between the groups (36% for capecitabine and 26% for 
paclitaxel). Median TTP (3.0 vs. 3.1 months) and median 
OS (7.6 vs. 9.4 months) were similar between capecitabine 
and paclitaxel (66). 

A systematic review of clinical trials published in 2011 
included 1,494 patients from eight phase II trials and two 
phase III trials in which patients were treated with single 
agent capecitabine after progression on an anthracycline and 
taxane therapy. The response rate was 18%, median PFS 
4.2 months, and OS 13.5 months (67). Most capecitabine 
trials in MBC are from molecularly-unselected populations. 
Interestingly, recent data suggest that capecitabine may be 
more active in patients with hormone-receptor positive 
breast cancer (68).

Capecitabine-based combinations have been investigated 
with mixed results. A multicenter, phase III trial that 
enrolled 511 patients with MBC compared single agent 
docetaxel with combination docetaxel and capecitabine 
in patients previously treated with an anthracycline (46). 
Approximately two thirds of both groups received the 
treatment as second- or third-line for metastatic disease. 

The primary end point of median TTP was 6.1 months for 
the combination, compared to 4.2 months for docetaxel 
alone (P<0.001). Median OS favored the combination group 
(14.5 vs. 11.5 months, P=0.013). Response rate was 32% in 
the combination arm, compared to 23% in the single arm 
(P=0.025), Median time to treatment failure was 4 months 
for the capecitabine/docetaxel group and 2.8 months for 
the docetaxel group (P<0.001). Overall, more patients in 
the combination group experienced grade 3 toxicity than 
in the single agent group (71% vs. 49%) (46). Despite the 
OS benefit, this combination has not been widely adopted 
in clinical practice due to the toxicity of the regimen. 
Nevertheless, in China, the combination of docetaxel and 
capecitabine is frequently used as first-line regimen for the 
treatment of patients with MBC who do not respond to 
anthracyclines. 

Newer agents including ixabepilone and eribulin have 
been investigated in combination with capecitabine. The 
addition of ixabepilone to capecitabine increased ORR and 
PFS, but not OS, and the combination had more toxicity 
including more neuropathy and neutropenia (52,69). 
Based on the above, capecitabine monotherapy is FDA-
approved for the treatment of patients with MBC that have 
progressed on both paclitaxel and anthracycline-containing 
chemotherapy regimens or resistant to paclitaxel and 
for whom further anthracycline therapy is not indicated. 
Capecitabine in combination with docetaxel is approved 
for patients with MBC after progression on anthracycline-
containing regimen.

Non-taxanes targeting microtubule dynamics 

Eribulin

Eribulin mesylate is a nontaxane microtubule dynamics 
inhibitor  belonging to the hal ichondrin c lass  of 
antineoplastic agents (70,71). Eribulin binds to high 
affinity sites on the growing ends of microtubules which 
may decrease the effect of eribulin on normal physiologic 
microtubule functions (72,73). An important distinction 
of eribulin with other tubulin-targeted agents is that the 
mitotic blockade with eribulin is irreversible for which, 
intermittent drug exposure leads to long-term loss of 
cell viability (71). This novel mechanism of action may 
explain the activity of eribulin in patients previously treated 
with a taxane (70). The most common AEs with eribulin 
were neutropenia, alopecia, leukopenia, global peripheral 
neuropathy, and nausea. 
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The first phase III trial of eribulin EMBRACE (Eisai 
Metastatic Breast Cancer Study Assessing Physician’s Choice 
Versus Eribulin) compared eribulin mesylate (1.4 mg/m2  
on days 1 and 8 every 21 days) with treatment of physician’s 
choice (TPC) in patients with locally recurrent or MBC 
previously treated with 2–5 prior chemotherapy regimens, 
including an anthracycline and a taxane (53). In this trial, 
there was a significant improvement in OS for eribulin 
compared with TPC. The median OS was 13.2 months for 
eribulin versus 10.5 months for TPC (HR, 0.81; 95% CI, 
0.67 to 0.96; P=0.01). Most common adverse events reported 
in the Eribulin group were fatigue and neutropenia (53).  
As a result, eribulin has been approved in more than  
50 countries, as monotherapy for patients with MBC who have 
previously received at least two chemotherapeutic regimens 
with prior therapy having included an anthracycline and a 
taxane in the adjuvant or metastatic setting.

The second phase III trial of eribulin in MBC (Study 
301) compared capecitabine versus eribulin in patients with 
MBC who had received up to two prior chemotherapy 
regimens including an anthracycline and taxane (54). A 
total of 1,102 patients were randomly assigned to receive 
eribulin mesylate 1.4 mg/m2 IV over 2 to 5 minutes on days 
1 and 8, or capecitabine 1.25 g/m2 orally twice per day on 
days 1 to 14, both in 21-day cycles. More than half of the 
patients in Study 301 had received only one prior regimen 
for advanced disease. The median OS was 15.9 months 
for eribulin compared with 14.5 months for capecitabine 
(HR 0.88; 95% CI, 0.77–1.00; P=0.056). Median PFS was 
4.1 months for eribulin and 4.2 months for capecitabine 
(HR 1.08; 95% CI, 0.93–1.25; P=0.30). This study did not 
demonstrate superiority of eribulin versus capecitabine 
with regard to either OS or PFS which contrast with the 
results of the EMBRACE trial. The authors suggest that 
the treatment earlier in the course of MBC (up to two 
lines of prior therapy for MBC) with eribulin is less likely 
to impact OS, since multiple subsequent lines of effective 
treatment are available (54). Importantly, in a pre-specified 
subgroup analysis of the Study 301, median OS was longer 
with eribulin than with capecitabine in patients with human 
epidermal growth factor receptor 2 (HER2)-negative or 
triple-negative breast cancer. 

A pooled analysis of the two studies, EMBRACE and 
Study 301, requested by the European Medicines Agency 
(EMA), showed a significant benefit in favor of eribulin (74). 
Median OS was 15.2 months in the eribulin arm compared 
with 12.8 months in the control arm (HR 0.85; P=0.003). 

In addition, treatment with eribulin was associated with 
benefits in OS across all patient subgroups, but more 
significant in the triple-negative and HER-2 negative/ER-
positive subgroups. In patients with HER2-negative disease 
(median OS, eribulin vs. control: 15.2 vs. 12.3 months, 
respectively; HR 0.82; P=0.002), although this effect did not 
reach statistical significance in patients with HER2-negative 
but ER-positive disease (P=0.060). The difference in OS 
for those with HER2-positive disease favored eribulin but 
did not reach statistical significance (13.5 vs. 12.2 months; 
HR 0.82; P=0.135). In patients with triple-negative disease, 
median survival was 4.7 months longer in patients treated 
with eribulin than in those who received control (median 
OS: 12.9 vs. 8.2 months; HR 0.74; P=0.006). Interaction 
analysis showed clearest evidence of a greater benefit for 
eribulin in the case of patients with a higher burden of 
disease, as indicated by more than two organs involved 
(P=0.023 vs. those with two or fewer organs involved) (74). 
Eribulin is being compared to weekly paclitaxel as first- or 
second-line chemotherapy for MBC (ACCRU protocol 
#RU0112011). 

Ixabepilone

Ixabepilone is a semi-synthetic analog of epothilone B, a 
non-taxane class of microtubule inhibitors. The epothilones 
disrupt the dynamic instability of microtubules, promote 
microtubule polymerization, and arrest cells in the G2/
M transition of the cell cycle leading to apoptotic cell  
death (75). A phase II trial of ixabepilone in patients 
previously treated with anthracycline, taxane, and 
capecitabine resulted in an ORR of 18.3% (95% CI, 11.9%–
26.1%) with a median duration of response of 5.7 months 
and median PFS of 3.1 months, respectively (50). 50% of 
patients had stable disease with a median OS of 8.6 months. 
In this study 14% of patients treated with ixabepilone 
experienced Grade 3/4 peripheral sensory neuropathy. 
Grade 3/4 hematologic adverse effects occurring during 
use of ixabepilone included neutropenia (54%), leukopenia 
(49%), anemia (8%), and thrombocytopenia (7%) (50). 

Ixabepilone in combination with capecitabine was 
evaluated in a phase III clinical trial in women with MBC 
previously treated with anthracyclines and a taxanes (51). 
Patients were randomized to receive ixabepilone 40 mg/m2  
IV on day 1 of a 21-day cycle plus capecitabine 2,000 mg/m2  
orally (n=375) on days 1 to 14 of a 21-day cycle or 
capecitabine alone 2,500 mg/m2 orally on the same schedule 
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(n=377). The trial was positive with ixabepilone plus 
capecitabine showing an improved median PFS relative to 
capecitabine (5.8 vs. 4.2 months; HR 0.75; 95% CI, 0.64–
0.88; P=0.0003), and higher ORR (35% vs. 14%; P<0.0001). 
Grade 3 and 4 adverse events were more common in 
patients receiving combination therapy and included 
sensory neuropathy (21% vs. 0%), fatigue (9% vs. 3%), and 
neutropenia (68% vs. 11%) (51). The favorable efficacy of 
ixabepilone plus capecitabine over capecitabine alone led to 
regulatory approval of this regimen in 2007 for MBC after 
failure of an anthracycline and a taxane.

In the first line setting, a randomized phase III trial 
comparing ixabepilone to weekly paclitaxel and weekly 
nab-paclitaxel, each combined with bevacizumab, closed 
recruitment to the ixabepilone arm at the first interim 
analysis when the comparison of ixabepilone versus 
paclitaxel crossed the boundary for futility (43). Weekly 
paclitaxel was superior to ixabepilone (median PFS 10.6 
vs. 7.6 months, respectively; P<0.0010) and caused less 
peripheral neuropathy (16% and 25%, respectively). 

Ixabepilone at a dose of 40 mg/m2 every 21 days is 
approved for use as monotherapy in MBC after failure of an 
anthracycline, taxane and capecitabine, or in combination 
with capecitabine in patients with locally advanced or MBC 
that has failed to respond to therapy with a taxane and an 
anthracycline.

Other active drugs in heavily pre-treated 
patients with metastatic breast cancer (MBC)

Vinorelbine

Vinorelbine is a semisynthetic vinca alkaloid with activity 
in MBC patients. Vinorelbine is widely used particularly 
because of its favorable side effect profile. Vinorelbine is 
administered IV at 30 mg/m2 on days 1 and 8 of a 21-day 
schedule (76). Vinorelbine causes less toxicity compared to 
other chemotherapy agents and is active as a single agent 
(ORR 20% to 45%), even in heavily pretreated patients 
(48,77,78). A randomized phase III trial compared single-
agent vinorelbine and the combination of gemcitabine 
plus vinorelbine (gemcitabine 1,200 mg/m2 + vinorelbine  
30 mg/m2, days 1 and 8) (48). A total of 252 patients with 
MBC previously treated with anthracyclines and taxanes 
were enrolled. The median PFS (primary end point) was 
higher in the combined treatment arm (6 vs. 4 months; 
HR 0.66; P=0.0028). However, OS was similar (15.9 vs. 
16.4 months). The ORR was higher for patients receiving 

gemcitabine plus vinorelbine (36% vs. 26%). Some adverse 
events were more frequent in the combined treatment 
arm (grade 3 or 4 neutropenia: 61% vs. 44%; febrile 
neutropenia: 11% vs. 6%). Incidences of grade 3 or 4 
nonhematological toxic effects were similar between both 
treatment groups (48). 

The combination of vinorelbine-gemcitabine was 
compared to capecitabine single agent in a small phase III 
trial with only 74 patients in each arm (49). The results 
did not show a benefit for the combination arm. The 
median PFS in the combined therapy arm was 5.4 months 
compared with 5.2 months for capecitabine. Also, median 
OS (20.4 vs. 22.4 months) and ORR (28.4% vs. 24.3%) were 
not significantly improved. Neutropenia and fatigue were 
more common with vinorelbine-gemcitabine and hand-foot 
syndrome in patients receiving capecitabine (49).

Gemcitabine

Gemcitabine is a pyrimidine nucleoside analogue. 
Gemcitabine is commonly used as a single agent as salvage  
chemotherapy after several lines of treatment administered 
over a large dose range (800–1,250 mg/m2) (79). Response 
rates to gemcitabine have ranged from 14% to 42%, 
depending on the gemcitabine dose and schedule and the 
extent of prior treatment (79). In a study investigating 
gemci tab ine  in  pat ients  prev ious ly  t reated  wi th 
anthracycline- and taxane-based regimen, Rha et al., found 
a RR of 20%, with median response duration of 9 months 
and OS 11 months (80). The most common grade 3 and 
4 adverse event is myelosuppression. Thrombocytopenia 
can be a dose-limiting toxicity. Alopecia, neuropathy and 
gastrointestinal toxicity are less frequent. 

It is important to note that gemcitabine, as a single agent, 
is inferior to epirubicin in women with MBC not previously 
treated with an anthracycline. Epirubicin demonstrated 
statistically significant superiority in a phase III study 
compared to gemcitabine in TTP (6.1 and 3.4 months,  
P=0.0001), OS (19.1 and 11.8 months, P=0.0004), and 
response rate (40.3% and 16.4%, P<0.001) (81). For 
patients with MBC that require a rapid response to decrease 
tumor burden, a combination of gemcitabine and paclitaxel, 
has shown effective results with improvements of ORRs, 
PFS and OS compared to paclitaxel alone (82).

Platinum agents

The platinum agents, cisplatin and carboplatin, induce 
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DNA interstrand cross-links. Both drugs undergo renal 
elimination. They are rarely used as single agents in MBC; 
however, emerging data suggest these agents may be more 
effective in patients with MBC associated with germline 
BRCA mutations and in triple negative breast cancer 
(TNBC) (83). TNBC is a heterogeneous group in which 
subgroups such as BRCA1 mutation carriers may have 
particular sensitivity to platinum agents and relatively less 
sensitivity to taxanes (84). Platinum in combination with 
other agents such as gemcitabine, have shown promising 
results in tumors with defects in DNA repair pathways. A 
randomized phase II trial included 116 patients with TNBC 
receiving first or second-third line therapy which included 
carboplatin (AUC 2 IV) plus gemcitabine (1,000 mg/m2 
IV on days 1 and 8 every 3 weeks) alone or in combination 
with the PARP inhibitor iniparib (85). The iniparib arm was 
associated with a higher response rate, median PFS, and 
OS, providing some information about the effectiveness 
of the carboplatin-gemcitabine combination in this  
population (85). However, a confirmatory phase III trial 
failed to show a benefit for the addition of iniparib to the 
same carboplatin/gemcitabine regimen in 519 patients 
with metastatic TNBC (86). Importantly, iniparib was 
subsequently found to be a relatively weak PARP inhibitor, 
and induced its antitumor effects by inducing cell cycle 
arrest in the G2-M phase, promoting double strand DNA 
damage, and potentiating cell cycle arrest induced by 
carboplatin and gemcitabine (86). Definitive data is needed 
to support the use of platinum agents in TNBC (87).

Etirinotecan pegol

Etirinotecan pegol (NKTR-102) is a long-acting inhibitor of 
topoisomerase-I, an enzyme essential for DNA replication. 
Etirinotecan pegol consists of the topoisomerase-I inhibitor 
irinotecan bound to a proprietary polyethylene glycol 
(PEG) core that prolongs exposure to, but reduces the 
toxicity of, SN38 the active metabolite of irinotecan (88). 
The linker slowly hydrolyses in vivo to release irinotecan, 
which is subsequently converted to SN38. The high 
molecular weight of etirinotecan pegol, restricts its ability 
to cross intact vasculature into healthy tissues, but promotes 
extravasation through leaky tumor vessels potentially 
resulting in fewer side effects (88,89). A Phase II study 
in patients with advanced taxane-resistant breast cancer 
showed that etirinotecan pegol at a dose of 145 mg/m2 
every 21 days had an ORR of 29%, and resulted in clinical 
benefit (CR, PR, SD for ≥6 months) to 48% of patients (55).  

Median PFS was 5.6 months and median OS was 13.1 months. 
The most common grade 3 or worse adverse events were 
diarrhea, fatigue, neutropenia, dehydration and vomiting. 
Myelosupression, febrile neutropenia and alopecia were rare 
events. No cardiotoxicity or neurotoxicity was reported in 
this study (55).

These encouraging results led to the phase III BEACON 
study (Breast Cancer Outcomes With NKTR-102): a 
Phase III open-label, randomized, multicenter study of 
etirinotecan pegol versus treatment of physician’s choice 
(TPC) in patients with locally recurrent or MBC previously 
treated with an anthracycline, a taxane, and capecitabine (56).  
All patients had received two to five prior cytotoxic 
chemotherapy regimens for MBC. The primary endpoint 
was OS in the intention-to-treat population. The study 
recruited a total of 852 patients randomly assigned to 
etirinotecan pegol (n=429) and to TPC (n=423). Ninety 
percent of the patients enrolled in the BEACON study had 
HER2-negative disease. Patients in both treatment groups 
received a median of three treatment cycles. Eribulin was 
the most frequent treatment of physician's choice, followed 
by vinorelbine, gemcitabine, nab-paclitaxel, paclitaxel, 
ixabepilone, and docetaxel. There was no statistically 
significant difference in OS between etirinotecan pegol 
and TPC (median OS 12.4 vs. 10.3 months; respectively, 
HR 0.87; 95% CI, 0.75–1.02; P=0.084). The incidence 
of grade 3 and higher adverse events was lower in the 
etirinotecan pegol (48%) compared with the TPC arm 
(63%) (P<0.0001). The group treated with etirinotecan 
pegol had more grade 3 or worse diarrhea (10% vs. 1% in 
the control group) and less neutropenia (10% vs. 31%), and 
less peripheral neuropathy (<1% vs. 4%). Three patients 
in the etirinotecan pegol group died of treatment-related 
adverse events (pneumonia, myelodysplastic syndrome, and 
acute renal failure) and two in the TPC group (neutropenic 
sepsis and septic shock). The health-related quality of life 
analysis showed better results for both global health status 
and physical functioning in the etirinotecan pegol group 
compared with TPC (56).

Interestingly, pre-specified subgroup analyses suggest that 
etirinotecan pegol significantly prolonged OS in patients 
with a history of brain metastases, with liver metastases, 
and with two or more sites of disease. In the subgroup 
analysis of 67 patients with brain metastases, etirinotecan 
pegol improved the median OS compared to TPC (10.0 vs.  
4.8 months; HR 0.51; 95% CI, 0.30–0.86). Etirinotecan 
pegol was also superior to TPC in the subgroup of 456 patients 
with baseline liver metastases (median OS 10.9 vs. 8.3 months; 
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HR 0.73; 95% CI, 0.59–0.89) (56). The potential benefit 
of etirinotecan pegol in patients with a history of brain and 
liver metastases warrants further investigation.

Conclusions

Cytotoxic chemotherapy remains pivotal in the treatment 
of MBC. The choice of an agent, as a single therapy or in 
combination, requires an individualized approach with a 
comprehensive balancing of efficacy, toxicity profile and 
individual preferences to achieve the goals of extending 
survival and improving quality of life by treating cancer-
related symptoms. For the patient previously exposed to 
chemotherapy in the adjuvant or metastatic setting, there 
is no optimal sequence of administration of chemotherapy 
drugs since several drugs have proven antitumor activity 
as single agents. Combination regimens have generally 
shown higher response rates and improved PFS, but 
not OS benefit, compared with single agent therapy and 
carry higher toxicity. Combination regimens should 
be reserved for patients with symptomatic disease and 
large tumor burden in need of rapid disease control. 
Cumulative toxicity is a limiting factor for anthracyclines 
inducing cardiomyopathy and drugs frequently used 
(including taxanes, eribulin, ixabepilone and vinorelbine) 
that are associated with severe neuropathy. Following 
progression on anthracycline- and taxane-based therapies, 
capecitabine is frequently the first choice because of oral 
administration and low risk of alopecia and myelotoxicity. 
To date, eribulin is the only agent that has been shown, 
when administered as monotherapy, to prolong OS in 
heavily pretreated MBC. The development of novel 
chemotherapy agents with antitumor activity in MBC 
and diverse mechanisms of action is imperative in this 
patient population. Furthermore, predictive biomarkers 
are needed to personalize chemotherapy and identify for 
an individual patient the precise drug from which they are 
most likely to benefit.
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