
Introduction

Current management of metastatic breast cancer (MBC) 

requires nuanced decision-making, synthesizing an array 

of factors, including a patient’s goals, performance status, 

comorbidities, the burden and pace of disease, tumor 

subtype, and exposure to prior therapies. Despite an 

ever-expanding armamentarium of cytotoxics, endocrine 

therapies, biologics, and small-molecule inhibitors, only 

25% of white women and 15% of black women with MBC 

diagnosed between 2001 and 2008 survived 5  years [1]. 

Th e following review focuses on systemic management of 

Her2-negative MBC organized by disease subtype. In 

cases of locally recurrent disease or isolated distant 

meta stasis, site- or organ-specifi c therapy and palliation 

may take precedence over systemic strategies. Figure  1 

shows the current treatment paradigm for MBC on the 

basis of receptor status and key considerations guiding 

therapeutic decision-making within each group.

Metastatic involvement may be identifi ed through 

standard baseline radiologic staging at the time of diag-

nosis of the incident breast cancer, baseline or subsequent 

abnormalities in laboratory indices, or evaluation of focal 

symptoms such as persistent shortness of breath, cough, 

abdominal pain, nausea, bone pain, or neurologic 

changes. In the absence of focal symptoms, the American 

Society of Clinical Oncology (ASCO) and clinical prac-

tice guidelines produced by the National Comprehensive 

Cancer Network maintain that imaging of bone, chest, 

abdomen, and pelvis is, at best, based on lower-level 

evidence without expert consensus [2,3]. Similarly, the 

use of serum tumor markers and commercially available 

circulating tumor cell assays to detect recurrence after 

primary therapy is not recommended outside of a clinical 

trial [4]. ASCO does recognize the potential utility of 

serum tumor markers to assist in monitoring patients on 

therapy for metastatic disease.

Given the potential for discordance between the 

receptor status of the primary and metachronous 

metastases, biopsy of metastatic disease at the time of 

recurrence should be strongly considered not only to 

confi rm the diagnosis but also to inform potential benefi t 

of targeted therapies such as endocrine therapy or Her2-

targeted therapies or both. However, reported rates of 

discordance ranging from 10% to 40% may variably 

refl ect a true change in tumor biology, sampling error, or 

assay error [5]. Validated chemosensitivity or resistance 
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assays to predict response to individual cytotoxics remain 

elusive tools, and this is due in part to technical 

limitations, sampling challenges, complex interactions 

between the host, tumor, and tumor microenvironment, 

and limited data demonstrating that in vitro results 

correlate to clinical outcomes [6]. Th us, at present, 

clinicians must optimize treatment strategies combining 

existing know ledge of the dominant tumor phenotype, 

interval from and type of prior regimens, patient’s 

preferences, and performance status while assessing the 

need for rapid response in the face of a visceral threat.

Hormone-sensitive metastatic breast cancer

Two thirds of women with diagnosed breast cancer have 

disease that is estrogen receptor/progesterone receptor-

positive (ER/PR+) [7]. Th ese tumors are highly responsive 

to anti-estrogen therapeutic strategies. However, despite 

widespread use of hormonal adjuvant therapy, a quarter 

of women with ER+ disease will relapse [8]. In this 

situation, a determination regarding further hormonal 

therapy versus chemotherapy as the next step must be 

made. Patients whose disease is viscerally relatively ‘low’-

volume, bone/soft tissue-predominant, and asympto-

matic are reasonable candidates for upfront endocrine 

therapy. Figure  2 outlines the therapeutic approach to 

women with ER+, hormone-sensitive disease, and the 

evidence supporting these treatment strategies is 

outlined below and in Table  1. Of note, many of the 

earlier but pivotal studies included patients whose recep-

tor status was unknown, thereby potentially under-

estimating the eff ects of endocrine blockade.

Tamoxifen, fulvestrant, and ovarian suppression

Tamoxifen emerged as a non-surgical alternative for the 

management of ER+ MBC in the late 1970s. A 

non-steroidal selective estrogen receptor modulator 

(SERM) whose primary eff ect is to competitively inhibit 

the binding of estradiol to ERs, tamoxifen prevents the 

recep tor from binding to the estrogen-response element 

on DNA. However, it also induces elevated estradiol 

levels via a partial agonist eff ect [9] that can be 

suppressed to normal postmenopausal levels by gonado-

tropin-releasing hormone (GnRH) agonists. Studies 

comparing tamoxifen with oopherectomy among pre-

meno pausal women with MBC found no signifi cant 

diff erence in overall response rate (RR), duration of 

response, time to progression (TTP), or survival, nor was 

there a signifi cant diff erence in outcomes when GnRH 

agonists were compared with oopherectomy [10,11].

Complete estrogen blockade in premenopausal women 

can be achieved by using combination therapy and is 

analogous to the principle of total androgen blockade in 

prostate cancer. Meta-analysis has confi rmed that the 

combination of GnRH agonists plus tamoxifen aff ords a 

superior progression-free survival (PFS) and overall 

survival (OS) compared with luteinizing hormone release 

hormone agonists alone in the treat ment of premeno-

pausal women with ER/PR+ MBC [12].

Th e current practice for premenopausal women with 

MBC previously unexposed to hormone blockade is to be 

treated in the fi rst-line setting with tamoxifen as initial 

endocrine therapy or with aromatase inhibitor (AI) 

therapy in combination with ovarian suppression (via 

oopherectomy, radiation, or a GnRH agonist). Ovarian 

radiation is a less optimal mode of ablation as the success 

rate and time to ablation vary compared with irreversible 

and immediate ablation aff orded by oopherectomy. An 

Eastern Cooperative Oncology Group study examining 

adjuvant estrogen blockade in premenopausal patients 

randomly assigned patients to tamoxifen monotherapy 

Figu re 1. Approach to the patient with metastatic breast cancer. CT, computed tomography; ER, estrogen receptor; PET, positron emission 

tomography; PR, progesterone receptor.

Gogineni and DeMichele Breast Cancer Research 2012, 14:205 
http://breast-cancer-research.com/content/14/2/205

Page 2 of 14



versus tamoxifen plus ovarian ablation via radiotherapy, 

oopherectomy, or GnRH agonists [13]. Th e trial was 

closed early for inadequate accrual; however, 75% of 

those undergoing radiotherapy achieved estradiol or 

follicle-stimulating hormone (FSH) levels consistent with 

those of ovarian ablation at 6  months after completing 

20  Gy in 10 fractions. Further evidence supporting the 

need for ovarian suppression in addition to tamoxifen is 

lacking; data pertaining to premenopausal women in the 

adjuvant setting suggest that the combi na tion of goserelin 

and tamoxifen is not superior to tamoxifen alone [14]. 

Responses to surgical castration have been observed after 

tamoxifen failures, and oopherectomy should be 

considered if a premenopausal woman relapses after 

adjuvant or fi rst-line tamoxifen in the metastatic setting.

Fulvestrant (Faslodex; AstraZeneca, London, UK) is a 

synthetic ER antagonist that down regulates and degrades 

ERs by competitively binding them without tamoxifen’s 

partial agonist eff ect [9]. Intramuscular injections of 

fulvestrant were compared with tamoxifen in a large 

randomized trial to ascertain whether the absence of 

partial agonist properties of fulvestrant conferred better 

outcomes among postmenopausal women with MBC. 

Despite the lack of fi rst-line superiority over tamoxifen, 

the NCCTG (North Central Cancer Treatment Group) 

N0032 and CONFIRM (Comparison of Faslodex in 

Recurrent or Metastatic Breast Cancer) trials 

demonstrated that fulvestrant has effi  cacy as sequential 

endocrine therapy in postmenopausal women in the 

second- and even third-line setting [15,16]. Th e latter 

study also established the current standard dose of 

fulvestrant at 500 mg monthly given the superior effi  cacy 

compared with 250  mg monthly [15]. Subsequently, the 

FIRST (Fulvestrant First-line Study Comparing 

Endocrine Treatments) trial, a phase II study that 

randomly assigned women who were endocrine therapy-

naïve to fulvestrant (500 mg monthly) versus anastrozole 

(1  mg daily), showed a comparable clinical benefi t rate 

(CBR) and a longer TTP for fulves trant, suggesting the 

potential for an alternate fi rst-line endocrine agent to AIs 

in postmenopausal women [17].

Aromatase inhibitors: exemestane, anastrozole, and letrozole

Estrogen production in postmenopausal women is derived 

from the peripheral aromatization of androgens. Inhi bi-

tion of aromatase is thereby a cornerstone of hormonal 

blockade in the management of postmenopausal breast 

cancer [18]. Th ese drugs cannot be used alone safely in 

premenopausal women without concomitant ovarian 

suppression or ablation since aromatase inhibition in the 

setting of functional ovaries will lead to ovarian hyper-

stimulation [19]. AIs currently in use include anastrozole 

(Arimidex; AstraZeneca), letrozole (Femara; Novartis, 

East Hanover, NJ, USA), and exemestane (Aromasin; 

Pfi zer Inc, New York, NY, USA). Analysis of two large 

randomized trials in which postmenopausal women who 

were endocrine therapy-naïve in the metastatic setting 

showed that anastrozole was at least equivalent to 

tamoxifen in the fi rst-line setting; unplanned subgroup 

analysis restricted to patients with known positive 

hormone receptors demonstrated a superior TTP for 

anastrozole [20]. Letrozole has also been directly com-

pared with tamoxifen in the fi rst-line setting among 

women with MBC and similarly increased the TTP [21]. 

As such, anastrozole and letrozole, non-steroidal AIs, are 

fi rst-line endocrine options in postmenopausal MBC.

Figure 2. Therapeutic approach based on subtype and sensitivity. ER, estrogen receptor; Her2 Neg, Her2-negative; PR, progesterone receptor; 

Triple Neg, triple-negative.
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Table 1. Selected studies of endocrine therapy in metastatic breast cancer

  Line of Number (percentage
Phase Drug/Regimen endocrine therapy  of HR unknown) Findings

IIIa Tamoxifen

POA 74181/74185 [77]

1st line 156 premenopausal + 

postmenopausal (24%)

RR: 16%

TTP: 6.7 months

5-year PFS: 8%

OS: 27.2 months

III Tamoxifen vs. BSO [10] 1st line 53 premenopausal (21%) CR: 0% vs. 15%

PR: 31% vs. 20%

TTP: 160 vs. 144 days

OS: 749 vs. 722 days

III BSO/RT vs. goserelin vs. BSO/RT + tamoxifen vs. 

tamoxifen + goserelin [11]

1st line 85 perimenopausal (33%) RR: 47% vs. 27% vs. 11% vs. 45%

OS: 37 (ovarian) vs. 36 months (goserelin)

III Buserelin vs. tamoxifen vs. buserelin + tamoxifen

EORTC 10881 [78]

1st line 161 premenopausal (52%) RR: 34% vs. 28% vs. 48%

PFS: 6.3 vs. 5.6 months. vs. 9.7 monthsb

OS: 2.5 vs. 2.9 vs. 3.7 yearsb

Meta LHRH agonist vs. LHRH + tamoxifen [12] 1st line 506 premenopausal (22%) RR: 30% vs. 39%b

PFS HR: 0.70b

OS HR: 0.78b

III Fulvestrant 500 mg every 30 days vs. fulvestrant 

250 mg every 30 days

CONFIRM [15]

1st/2nd line 736 postmenopausal RR: 9% vs. 10%

PFS HR: 0.80b

OS: 25.1 vs. 22.8 months 

III Fulvestrant 250 mg every 30 days vs. tamoxifen 

20 mg by mouth every day [79]

1st line 587 postmenopausal (20%) RR: 33% vs. 31%

TTP: 8.2 vs. 8.3 (estrogen receptor/

progesterone receptor-positive)

OS: 39.3 vs. 40.7 months

III Fulvestrant vs. anastrozole

FIRST [17]

1st line 205 postmenopausal CBR: 73% vs. 67%

TTP: not reached vs. 12.5 monthsb

III Anastrozole  tamoxifen vs. tamoxifen  anastrozole

TARGET/SAKK 21/95 [80]

1st line 60 postmenopausal (20%) TTP: 28.2 vs. 19.5 monthsc

OS: 69.7 vs. 59.3 months

III Letrozole vs. tamoxifen

LILBCG [81]

1st line 977 postmenopausal TTP: 42 vs. 21 weeksb

III Exemestane vs. megestrol [23] 1st line 769 postmenopausal TTP: 20 vs. 17 weeksb

OS: not reached vs. 123.4 weeksb

III Exemestane vs. tamoxifen

EORTC [22]

1st line 371 postmenopausal (6.5%) RR: 46% vs. 31%b

PFS: 9.9 vs. 5.8 monthsb but NS after 

47 months follow-up

OS HR: 1.13

III Anastrozole vs. exemestane [24] 1st line 130 postmenopausal Insuffi  cient accrual

RR: 16% vs. 16%

TTP: 3.71 vs. 4.24 months

OS: 33.3 vs. 30.5 months

II Megestrol [25] 2nd line 73 CR: 0%

PR: 4% for median of 9 months

Median 8 months of stabilization in 48%

III Tamoxifen vs. megestrol

POA [82]

1st line 182 premenopausal + 

postmenopausal (17%)

RR: 17% vs. 34%b

TTF: 5.5 vs. 6.3 months

OS: 23.8 vs. 33 months

III Vorozole vs. megestrol [18] 1st/2nd line 452 postmenopausal (15%) RR: 10% vs. 7%

Duration response: 18.2 vs. 12.5 months

TTP: 2.6 vs. 3.3 months

OS: 26.3 vs. 28.8 months

II Estradiol 30 mg by mouth every day vs. estradiol 

6 mg by mouth every day [26] 

1st/2nd line 66 postmenopausal CBR: 28% vs. 29%

aNon-randomized phase III. bStatistically signifi cant. cNo formal statistical comparison as this was not a preplanned analysis. BSO, bilateral salpingo-oophorectomy; 
CBR, clinical benefi t rate; CONFIRM, Comparison of Faslodex in Recurrent or Metastatic Breast Cancer; CR, complete response; EORTC, European Organisation for 
Research and Treatment of Cancer; FIRST, Fulvestrant First-line Study Comparing Endocrine Treatments; HR, hormone receptor; LHRH, luteinizing hormone-releasing 
hormone; LILBCG, Letrozole International Letrozole Breast Cancer Group; NS, not signifi cant; OS, overall survival; PFS, progression-free survival; POA, Piedmont 
Oncology Association; PR, partial response; RR, response rate; RT, radiotherapy; TARGET/SAKK, Tamoxifen or ‘Arimidex’ Randomized Group Effi  cacy and Tolerability/
Swiss Group for Clinical Cancer Research; TTF, time to treatment failure; TTP, time to progression.
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Exemestane, unlike the non-steroidals in this class, is a 

steroidal AI that irreversibly inhibits aromatase. In 

women who have progressed on tamoxifen, exemestane 

showed prolonged TTP and OS compared with megestrol 

[22,23]. In addition to having a utility in the second-line 

setting, exemestane showed signifi cant early improve-

ment in TTP compared with tamoxifen in the fi rst-line 

setting, although after longer follow-up, the two drugs 

were found to have comparable effi  cacy [22]. Th ere is a 

paucity of data comparing AIs directly to each other in 

the metastatic setting; however, extrapolation from a 

small trial showed that exemestane and anastrozole had 

similar RRs among postmenopausal women who had 

MBC and who were tamoxifen-refractory [24].

Progestins: megestrol

Progestins, such as megestrol acetate (MA), are some of 

the oldest compounds to be used in the treatment of 

MBC, indirectly reducing serum estrogen levels by 

reducing androgen levels [9]. While use of these agents 

has dropped dramatically since the introduction of AIs 

and GNRH agonists, there are data demonstrating the 

effi  cacy of these agents in the MBC setting. Although 

randomized trials comparing MA and tamoxifen show 

comparable RRs and TTP, ultimately tamoxifen remains 

preferable to MA because of the toxicity profi le. Analyses 

comparing AI and MA have shown that anastrozole 

confers a survival advantage over MA, and letrozole 

shows an improved RR and time to treatment failure [18]. 

After failure on fi rst- and second-line therapies, data 

suggest that the use of MA as a second- or third-line 

therapy is reasonable primarily for ‘durable’ disease 

stabilization but not with the goal of response [25].

Paradoxical estrogen sensitization: estradiol

Th e development of estrogen sensitization in breast 

cancer cells after long-term estrogen deprivation para-

doxically enables treatment with low-dose estradiol that 

in some cases confers re-sensitization to subsequent re-

treatment with an AI. Women with ER/PR+ AI-resistant 

metastatic disease were randomly assigned to 30 mg daily 

of estradiol or 6 mg daily to assess CBR in the low-dose 

versus higher-dose group [26]. AI resistance was defi ned 

as relapse within 2  years after adjuvant AI or prior 

treatment within the metastatic setting. Study partici-

pants who had been exposed to fulvestrant within the 

previous 12  months were excluded because of data 

showing in vitro antagonism of estrogen-induced apop-

tosis. Th ere was no signifi cant diff erence in the CBR 

between the two groups, and re-treatment with the last 

AI used in the responders showed clinical benefi t in three 

of the seven patients re-treated.

Hormone receptor-positive, endocrine-refractory 

metastatic breast cancer: mTOR inhibition

Th e development of hormone resistance in ER+ but 

endocrine-refractory metastatic disease is postulated to 

involve signal transduction pathways, including mam-

malian target of rapamycin (mTOR). Results from a 

second-line phase II study randomly assigning patients 

with hormone-positive MBC to tamoxifen versus tamoxi-

fen plus an mTOR inhibitor (everolimus) showed a signi-

fi  cant improvement in the CBR, median TTP, and OS as 

of a September 2011 update at the European Multi-

disciplinary Cancer Congress [27,28]. Th e PI3K/Akt/

mTOR pathway is constitutively activated in AI-resistant 

breast cancer. Results of the phase III randomized 

controlled trial BOLERO-2 (Breast Cancer Trials of Oral 

Everolimus-2), updated at the San Antonio Breast Cancer 

Symposium in December 2011, showed that postmeno-

pausal women refractory to letrozole or anastrozole 

treated with a combination of everolimus and exemestane 

had an improved PFS of 10.6  months compared with 

4.1 months in women treated with exemestane alone [7]. 

Th is combination has the potential to delay initiation of 

cytotoxic therapy in endocrine-refractory patients.

In summary, fi rst-line endocrine therapy is preferred 

for women whose hormone receptor-positive MBC is 

limited to bone or soft tissue or both and for those whose 

visceral volume of disease does not appear to be fast-

growing or pose imminent threat of organ compromise. 

After failure of fi rst-line endocrine therapy, sequential 

endocrine options are preferable to cytotoxic therapy 

provided that metastatic sites are still hormone receptor-

positive. Premenopausal women who are endocrine-

naïve should receive tamoxifen and, in the second-line 

setting, can undergo ovarian suppression via either 

surgical or chemical castration and then an AI. Post-

menopausal women should be off ered an AI as fi rst-line 

treatment of their metastatic disease. After progression 

on an AI, subsequent therapy could consist of sequential 

endocrine options, including an alternative AI (that is, 

steroidal if the fi rst AI was non-steroidal), tamoxifen, or 

fulvestrant. Megestrol should be reserved for use after 

failure on fi rst- and second-line therapies. Estradiol can 

be considered if the volume of disease permits an attempt 

at re-sensitization to an AI. Ultimately, postmenopausal 

patients who progress after a non-steroidal AI may be 

treated with the combination of everolimus and exemes-

tane provided that everolimus receives US Food and 

Drug Administration (FDA) approval for this indication. 

In the clinical scenario of hormone-sensitive disease that 

is rapidly progressive and threatening organ function, 

cytotoxic therapy can be considered with the goal of 

resumption of an endocrine agent if visceral crisis has 

abated rather than empirically persisting with a series of 

cytotoxic therapies.
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Treatment of metastatic breast cancer that is ER+/

endocrine-refractory or triple-negative or that 

presents with visceral threat

Admittedly, using receptor status and sensitivity to guide 

management of therapy in MBC oversimplifi es the 

discrete molecular subtypes identifi ed through advances 

in genomic analysis. For example, the biologic behavior 

and drivers of an ER+ luminal breast cancer that becomes 

hormone-insensitive are presumably distinct from those 

of triple-negative basal-like subtypes, as evidenced by 

diff erent patterns of relapse and response to treatment 

[29]. However, practically speaking, molecular subtyping 

is not available as a routine clinical test, nor were tumors 

prospectively subtyped in the clinical trials that led to 

FDA approval for these drugs in MBC. With this limita-

tion in mind, Figure 2 outlines the therapeutic approach 

to women with ER+, hormone-refractory or ‘triple-

negative’ MBC; the evidence supporting these treatment 

strategies is listed in Table 2 and discussed briefl y below. 

A guiding principle of treatment of metastatic disease is 

to respect the palliative goal of this therapy given the 

absence of data demonstrating superior survival benefi t 

with combination cytotoxics rather than sequential 

strategies. Sequential administra tion of single agents has 

been considered a viable and acceptable standard of care 

and this is due, in part, to Intergroup trial E1193, in 

which, despite increased RR and time to treatment failure 

(primary outcomes the trial was designed to detect) with 

combination paclitaxel and doxorubicin in metastatic 

disease, sequential doxorubicin followed by paclitaxel 

and vice versa showed similar effi  cacy and no diff erence 

in survival benefi t [8]. Many patients will require multiple 

lines of therapy for advanced disease, and, as such, use of 

combination chemo therapy regimens rather than 

sequential use of single-agent cytotoxics should be 

limited to specifi c circumstances in which performance 

status permits it and rapid response is critical, as with 

impending organ failure. Table 2 and the following 

discus sion review RRs of single-agent cytotoxics and also 

expected responses to combination regimens that have a 

particular synergy. Cytotoxics that have FDA-approved 

indications in MBC and that have activity as single agents 

include anthracyclines, taxanes, non-taxane microtubule 

inhibitors, and antimetabolites.

Anthracycline single-agent cytotoxic therapy: doxorubicin, 

epirubicin, and pegylated liposomal doxorubicin

Many patients will have been exposed to anthracyclines 

in the adjuvant setting; however, with the advent of 

docetaxel/cyclophosphamide as a standard adjuvant 

doublet, more patients may present with recurrent 

disease without having been exposed to these agents. 

Women with metastatic disease (receptor status not 

reported) exposed to alkylators in the adjuvant setting or 

to, at most, one line of therapy in the advanced setting or 

to both were randomly assigned to doxorubicin 75 mg/m2 

versus docetaxel 100  mg/m2 every 3  weeks. Although 

docetaxel resulted in a higher objective RR in this 

pretreated population with visceral disease, there was no 

statistically signifi cant diff erence in median TTP or OS. 

Neutropenic fever, infection, cardiac toxicity, nausea, and 

vomiting were more likely with anthracycline therapy, 

whereas the primary toxicities caused by docetaxel 

consisted of diarrhea, neuropathy, fl uid retention, and 

skin and nail changes [30]. In a trial designed to establish 

the optimal dose of fi rst-line epirubicin in MBC, women 

who had mostly positive/unknown hormone receptor 

status and whose adjuvant regimens were non-

anthracycline-based were randomly assigned to four dose 

levels of epirubicin, including 90  mg/m2, which is 

hematologically equivalent to the maximum tolerated 

dose of 75 mg/m2 of doxo rubicin. Th is dose was found to 

aff ord the greatest TTP at the least toxicity and is further 

evidence that single-agent anthracyclines have effi  cacy 

[31]. Pegylated liposomal doxorubicin (PLD) has also 

been examined in the hope that preferential accumulation 

in tumor tissue would limit cardiotoxicity. In a non-

inferiority trial designed to assess effi  cacy and cardiac 

safety, women who could have received prior adjuvant 

anthracycline were randomly assigned to either PLD or 

doxorubicin. Non-inferiority was achieved; however, not 

surprisingly, signifi cantly more doxorubicin-treated patients 

met the protocol-defi ned criteria for cardiotoxicity [32].

Taxane single-agent cytotoxic therapy: paclitaxel and 

docetaxel

Single-agent taxanes are an eff ective option in metastatic 

patients, particularly in those who were treated with only 

anthracycline-based adjuvant therapy. Taxanes induce 

mitotic arrest by inhibiting depolymerization of the 

micro tubules. Although the mechanism of paclitaxel and 

docetaxel of binding to tubulin and cell cycle arrest 

through stabilization of microtubules is similar, pre-

clinical studies have shown that docetaxel has greater 

affi  nity, longer retention time, and higher intracellular 

concentration in target cells [33]. Side eff ect profi les are 

also diff erent as fl uid retention and fatigue are more 

charac teristic of docetaxel toxicity whereas hyper sensi-

tivity and neurotoxicity are more common with pacli-

taxel. Th is diff erence is thought to be related to the 

solvents required for stabilization of these hydrophobic 

compounds. Several studies have examined optimal 

dosing regimens of taxanes. Weekly paclitaxel appears to 

be as eff ective as or more eff ective than every-21-day 

dosing [34,35]. Docetaxel administered every 3 weeks has 

better effi  cacy compared with either weekly or every-

3-week paclitaxel but at the expense of more toxicity 

[33,36]. Docetaxel on a weekly schedule still results in 
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Table 2. Selected studies of single-agent and synergistic combination cytotoxic therapies in estrogen receptor-positive, 

endocrine-refractory, or triple-negative metastatic breast cancer

Phase Drug/Regimen Line of therapy Number Findings

II Epirubicin 135 vs. 90 vs. 60 vs. 40 mg/m2 [31] +/− endocrine 287 RR: 37% (90 or 135)

TTP: 8.4 (90) vs. 4.4 months (40)a

III Doxorubicin 60 mg/m2 every 3 weeks vs. liposomal doxorubicin 

50 mg/m2 every 3 weeks CAELYX [32]

+/− adjuvant anthracycline 

or endocrine

509 PFS: 7.8 vs. 6.9 months

OS: 22 vs. 21 months

III Doxorubicin 75 m/m2 every 3 weeks vs. docetaxel 100 mg/m2 

every 3 weeks [30]

Prior alkylator 326 RR: 33% vs. 48%a

TTP: 21 vs. 26 weeks

OS: 14 vs. 15 months

II Docetaxel 40 mg/m2 every week, 6 weeks, every 8 weeks [37] 1st/2nd line 29 RR: 41%

CBR: 59

II Paclitaxel 80 mg/m2 every week Prior anthracycline

+/− every 3 weeks taxane 

212 RR: 22%

TTP: 4.7 months

OS: 12.8 months

II Paclitaxel 250 mg/m2 every 3 weeks vs. 175 mg/m2 every 

3 weeks [83]

1st/2nd line 49 RR: 32% vs. 21%

III Docetaxel 100 mg/m2 every 3 weeks vs. paclitaxel 175 mg/m2 

every 3 weeks [33]

1st/2nd line 449 TTP: 5.7 vs. 3.6 monthsa

OS: 15.4 vs. 12.7 monthsa

III Nab-paclitaxel 260 mg/m2 every 3 weeks vs. paclitaxel 

175 mg/m2 every 3 weeks [38]

Unlimited; no prior taxane 

in metastatic setting

225 RR: 33% vs. 19%a

TTP: 23 vs. 16.9 weeksa

OS: 60.5 vs. 55.7 weeks

II Nab-paclitaxel 300 every 3 weeks or 100 every week or 150 mg/m2 

every week vs. docetaxel 100 mg/m2 every 3 weeks [39] 

1st line 302 RR: 49% (150) vs. 45% (100) vs. 35% (d)

PFS: 13 (150) vs. 7.5 months (d)a

III Docetaxel 100 mg/m2 every 3 weeks vs. capecitabine 1,250 mg/m2 

twice a day × 14 days every 3 weeks + docetaxel 75 mg/m2 

every 3 weeks [50]

1st/2nd line 511 RR: 30% vs. 42%a

TTP: 6.1 vs. 4.2 monthsa

OS: 14.5 vs.11.5 monthsa

III Paclitaxel 175 g/m2 every 3 weeks vs. paclitaxel 175 g/m2 

every 3 weeks + gemcitabine 1,250 mg/m2 D1 and D8 

every 3 weeks [54]

1st line 529 RR: 41% vs. 26%a

TTP: 6.14 vs. 3.98 monthsa

OS: 18.6 vs. 15.8 monthsa

II Vinorelbine 35-30 mg/m2 every week [40] 2nd/3rd line; anthracycline 

+/− taxane 

40 RR: 25%

TTF: 6 months

OS: 6 months

II Ixabepilone 40 mg/m2 every 3 weeks [41] 1st line 65 RR: 42%

TTP: 4.8 months

OS: 22 months

II Ixabepilone 40 mg/m2 every 3 weeks [45] 2nd line after taxane 49 RR: 12%

TTP: 2.2 months

OS: 7.9 months

II Ixabepilone 40 mg/m2 every 3 weeks [44] 3rd/4th line; anthracycline, 

taxane, and capecitabine

126 RR: 12%

PFS: 3.1 months

II Ixabepilone 6 mg/m2 per day days 1-5 every 3 weeks [43] 1st/2nd line 23 RR: 57%

TTP: 5.5 months

II Eribulin 1.4 mg/m2 every week × 2 weeks every 3 weeks [47] Median 4 prior 332 RR: 9%-14%

PFS: 2.6 months

OS: 9 months

III Eribulin 1.4 mg/m2 every week × 2 weeks every 3 weeks vs. 
physician choice [48]

Median 4 prior 762 PFS: 3.7 vs. 2.2 months

OS: 13.1 vs. 10.6 monthsa

II Capecitabine 1,255 mg/m2 twice a day × 14 days every 

3 weeks [49] 

Unlimited 75 RR: 26%

OS: 12.2 months

II Capecitabine 1,250 mg/m2 twice a day × 14 days every 3 weeks vs. 

capecitabine 1,000 mg/m2 twice a day × 14 days every 3 weeks [51]

1st/2nd line 73 RR: 37% vs. 35%

TTP: 4 vs. 4 months

Continued overleaf
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some fatigue, fl uid retention, and excess lacrimation but 

less myelosuppression and neuropathy [37]. Nab-pacli-

taxel appears to be more eff ective and convenient than 

paclitaxel and docetaxel and aff ords the benefi t of taxane 

therapy without the steroid premedication [38,39].

Non-taxane microtubule inhibitor single-agent cytotoxic 

therapy: vinorelbine, ixabepilone, and eribulin

Other microtubule inhibitors effi  cacious in the treatment 

of metastatic disease in those exposed/resistant to 

anthracyclines and taxanes include vinorelbine, ixabepi-

lone, and eribulin. Nearly a quarter of patients who 

progressed through anthracyclines and taxanes treated 

with weekly vinorelbine (dose modifi ed to 25  mg/m2 

because of hematologic toxicity and neurotoxicity) had 

an objective response [40]. Vinorelbine binds to tubulin, 

inhibiting tubulin polymerization, and this may explain 

why sensitivity to vinorelbine is retained among patients 

pretreated with taxanes as excess depolymerized tubulin 

has been noted in vitro [9].

Ixabepilone – an epothilone B analog that increases 

polymerization but that, unlike the taxanes, has the 

capacity to bind to multiple isomers of tubulin – has been 

evaluated in the setting of patients pretreated with 

anthracyclines, taxanes, and capecitabine as well as in 

fi rst-line metastatic treatment of patients treated with 

adjuvant anthracyclines. In the fi rst-line setting, women 

with MBC achieved an overall RR of 41.5% and a median 

survival of 22  months [41,42]. Modifi cations in the 

administration schedule of ixabepilone in a group of 

women who had not had prior taxane exposure did 

reduce neurotoxicity while maintaining RRs comparable 

to those of historical controls of docetaxel or paclitaxel in 

the fi rst- or second-line metastatic setting [43]. Women 

with taxane-resistant metastatic disease or those pre-

treated with taxanes and capecitabine had RRs ranging 

from 11% to 12% and a durable response of nearly 

6  months [44,45]. In this heavily pretreated population 

with prior exposure to taxane therapy, half experienced 

reversible sensory neuropathy.

Eribulin is the latest non-taxane microtubule inhibitor 

with a mechanism distinct from that of taxanes, 

epothilones, and vinca alkaloids in that it aff ects 

centromere dynamics and sequesters tubulin into non-

functional aggregates and, like vinorelbine, decreases 

polymerization of microtubules [46]. Phase II studies 

have shown effi  cacy in populations pretreated with 

anthracyclines and taxane as well as capecitabine. 

Despite a median of four prior regimens, women still 

achieved RRs ranging from 9% to 14% and a PFS of 

approximately 2.6  months [46,47]. A phase III trial 

randomly assigning heavily pretreated patients to eribulin 

showed an improvement in OS of 13.1 months compared 

with 10.6  months in women treated according to 

physician’s choice. Neutropenia (52%), fatigue (54%), and 

neuropathy (35%) were common toxicities [48].

Antimetabolite single-agent cytotoxic therapy: 

capecitabine and gemcitabine

Antimetabolite therapy should be considered in women 

with prior exposure to anthracycline and taxane therapy. 

Capecitabine is an orally administered precursor of 

5-deoxy-5-fl uorouridine monotherapy that is prefer en-

tially converted in tumor tissue through exploitation of 

high intratumoral concentrations of thymidine phos-

phorylase to 5-fl uorouracil [9]. A group of women who 

had received over three prior cytotoxic regimens, includ-

ing prior anthracycline and taxane therapy, achieved an 

objective RR of 26% and a median survival of 12.2 months 

with capecitabine monotherapy, even though nearly half 

required dose reduction. Retrospective analysis suggested 

that dose reduction for palmar-plantar erythrodys-

esthesia, diarrhea, and nausea did not aff ect effi  cacy [49]. 

Capecitabine monotherapy was also tested in the fi rst-

line setting against cyclophosphamide/methotrexate/fl uor-

ouracil with comparable RRs, although palmar-plantar 

Table 2. Continued

Phase Drug/Regimen Line of therapy Number Findings

II Capecitabine 1,255 mg/m2 twice a day × 14 days every 3 weeks 

vs. cyclophosphamide 600 mg/m2 + methotrexate 40 mg/m2 + 

5-fl uorouracil 600 mg/m2 every 3 weeks [84]

1st line 95 RR: 30% vs. 16%

TTP: 4.2 vs. 3 months

OS: 19.6 vs. 17.2 months

III Capecitabine 1,250 mg/m2 twice a day × 14 days every 3 weeks vs. 

ixabepilone 40 mg/m2 every 3 weeks + capecitabine 1,000 mg/m2 

twice a day × 14 days every 3 weeks [56]

3rd line 1,221 RR: 29% vs. 43%a

PFS: 4.2 vs. 6.2 monthsa

OS: 15.6 vs. 16.4 months

II Gemcitabine 1,200 mg/m2 every week × 3 weeks every 4 weeks 

[52]

1st line 39 RR: 37%

TTP: 5.1 months

OS: 21.1 months

II Gemcitabine 800-850 mg/m2 every week × 3 weeks every 4 weeks 

[85]

1st-4th line 81 RR: 20%-25%

OS: 11-11.5 months

aStatistically signifi cant. CBR, clinical benefi t rate; d, docetaxel arm; OS, overall survival; PFS, progression-free survival; RR, response rate; TTP, time to progression.
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erythrodysesthesia induced by capecitabine required 

treatment interruptions and dose reductions in a third of 

patients [50]. Capecitabine at a lower dose of 1,000 mg/

m2 daily for 14 days out of a 21-day cycle was compared 

with previously tested regimens of 1,250 mg/m2 to assess 

safety in women at least 65 years old, half of whom had 

received prior systemic treatments. Th e lower dose 

aff orded similar rates of tumor response with better 

tolerability in the lower-dose group [51].

Gemcitabine has also been evaluated as single-agent 

therapy in multiple trials in both the fi rst-line and 

refractory/resistant setting in doses ranging from 800 to 

1,200 mg/m2 weekly for 3 weeks on a 28-day cycle with 

RRs as varied as 14.5% to 37% and OS of 21 months in 

the fi rst-line setting to RRs of 20% to 37.1% and OS of 

11 months in a pretreated setting [52,53].

Combination cytotoxic therapy

Combination therapies generally increase RR and TTP 

but with a concomitant increase in toxicity. Moreover, a 

critical shortcoming of studies in this area is the use of 

study designs in which the combination is compared with 

one or the other of the agents alone. Th e lack of com-

parison between sequential use of both agents and the 

combination biases these studies in favor of the 

combination. Many cytotoxic combinations have been 

assessed in the metastatic setting; however, only a few 

have shown synergy in phase III studies to prolong OS 

over single-agent cytotoxics with manageable toxicities, 

and these regimens will be reviewed here.

Th e low myelotoxicity associated with capecitabine 

made it an attractive agent to consider in combination 

with other cytotoxics, and preclinical work showing 

tumor overexpression of thymidine phosphorylase by 

taxanes suggested that this was an opportunity for 

synergy. Patients pretreated with anthracycline (prior 

paclitaxel was permitted) were randomly assigned to 

capecitabine/docetaxel or docetaxel monotherapy, and 

the combination resulted in an increased RR, TTP, and 

OS, but the improvement in effi  cacy was at the cost of 

more grade 3 adverse events (71% versus 49%) in the 

combination arm. Th e 1,250  mg/m2 twice daily dose of 

capecitabine may have been too high to use in combi-

nation with docetaxel given evidence that 1,000  mg/m2 

twice daily of capecitabine monotherapy was equivalent 

to higher doses in women at least 65 years old. Treatment 

interruption was required in 34% of capecitabine cycles 

and 27% of docetaxel cycles compared with 20% in the 

single-agent arm [50]. Th is trial did not answer the 

question of whether sequential administration would 

have had equivalent benefi t with less toxicity.

Another study compared the combination of gemcita-

bine plus paclitaxel to gemcitabine alone in the fi rst-line 

treatment of metastatic disease. Median survival was 18.6 

versus 15.8 months (P = 0.0489) with a longer TTP (6.14 

versus 3.98 months; P = 0.0002) and a higher RR (41.4% 

versus 26.2%; P  =  0.0002). However, the 22% improve-

ment in OS and 43% improvement in TTP were at the 

expense of more neutropenia, fatigue, and neuropathy. 

Again, the trial did not answer the question of whether 

sequential single-agent therapy would have yielded 

equivalent results [54]. Th e study design also precluded 

comparison with a weekly paclitaxel schedule which 

appears preferential to a three-weekly schedule in the 

advanced setting [34,54,55].

A third combination regimen that has shown synergy is 

ixabepilone plus capecitabine in women previously 

treated with, but not necessarily resistant to, anthra-

cycline and taxane therapy [56]. Although the combina-

tion arm had better PFS, there was no signifi cant diff er-

ence in OS between the two arms. Notably, there was an 

imbalance between the two groups in performance 

status. After adjustment for performance status, OS was 

also improved in the combination arm. Nearly a quarter 

of those in the ixabepilone plus capecitabine arm 

experienced reversible grade 3 or 4 neuropathy.

Given the proposed defi ciency of DNA repair mecha-

nisms in triple-negative and basal-like tumors, platinum-

based chemotherapy combinations have been presented 

as a strategy to treat these subtypes of MBC. Although 

phase II studies of carboplatin- or cisplatin-based 

combination regimens have demon strated overall RRs 

ranging from 29% to 41% in triple-negative MBC, these 

responses are often at the expense of signifi cant 

hematologic and non-hematologic side eff ects, including 

peripheral neuropathy, nephrotoxicity, and nausea [57-

59]. In light of the high rates of grade 3/4 toxicities for a 

palliative regimen and absence of pros pective phase III 

data showing improvement in PFS and OS, use of 

combination platinum-based therapy in triple-negative 

MBC warrants further study [60].

In summary, women whose MBC requires cytotoxic 

therapy have multiple alternatives. Monotherapy is 

prefer able to minimize side eff ects given the paucity of 

data comparing combination regimens to sequential use 

of single agents. Presuming adequate performance status, 

women with prior exposure to anthracyclines only should 

receive paclitaxel, albumin-bound paclitaxel, or docetaxel 

as fi rst-line treatment for their triple-negative or 

endocrine-refractory metastatic disease. Women who 

have progressed through taxane therapy can be treated 

with alternative microtubule inhibitors such as vinorel-

bine or eribulin if they do not have prohibitive residual 

neuropathy. A reasonable alternative is to treat these 

women with either capecitabine or gemcitabine. Combi-

na tion cytotoxic regimens should be reserved for women 

who have good performance status and whose organ 

function is threatened by rapidly progressive disease.

Gogineni and DeMichele Breast Cancer Research 2012, 14:205 
http://breast-cancer-research.com/content/14/2/205

Page 9 of 14



Bevacizumab

Th e addition of bevacizumab to cytotoxic therapy for the 

fi rst-line treatment of Her2-negative MBC has recently 

undergone considerable scrutiny. In 2008, the FDA 

granted accelerated approval for its use in combination 

with chemotherapy based on a 5.5-month increase in PFS 

achieved in E2100, which compared paclitaxel plus beva-

cizu mab with paclitaxel alone [61]. Subsequent trials, 

including AVADO (Avastin and Docetaxel ), RIBBON 

(Regimens in Bevacizumab for Breast Oncology ), and 

TRIO-10 (Translational Research In Oncology), which 

evaluated the addition of bevacizumab to taxanes, 

anthracyclines, and capecitabine, showed notably smaller, 

albeit statistically signifi cant, improvements in PFS [62-

65]. As with E2100, these trials showed no improvement 

in OS, and, in some instances, OS appeared to favor the 

chemotherapy-alone arms. Although some women 

appear to benefi t from bevacizumab, there remains no 

clear marker to predict activity and bevacizumab-

containing arms did have more adverse events that were 

serious. As a result of these analyses, the National 

Institute for Health and Clinical Excellence in the UK 

concluded in February 2011 that the addition of beva-

cizu mab was not a cost-eff ective use of resources and the 

FDA decided in June 2011 to revoke the indication for 

the use of bevacizumab in MBC [66,67]. To date, 

compendium guidelines put forth by the National 

Comprehensive Cancer Network still support considera-

tion of weekly paclitaxel and bevacizumab, and the 

European Medicines Agency endorses the addition of 

bevacizumab to paclitaxel or capecitabine as a viable 

option in MBC.

Future directions: molecular subtypes and 

targeted therapy

While ER, PR, and Her2 status primarily inform the 

selection of therapy for MBC, recent advances in 

genomic analysis have provided insight into metastatic 

behavior of breast cancers within specifi c biologic 

subtypes. In addition to the conventional prognostic 

factors of size and lymph node involvement, analysis of 

archival specimens in women by breast cancer subtypes – 

such as luminal A, luminal B, luminal/Her2-enriched, 

non-luminal/Her2-enriched, basal-like, and triple-

negative tumors – appears to show diff erent patterns of 

relapse and response to treatment [29]. ER− tumors 

(characteristic of non-luminal/Her2-enriched, basal-like, 

or triple-negative subtypes) are associated with early 

relapse and a higher proportion of metastatic disease 

involving the central nervous system, whereas ER+ 

tumors (characteristic of luminal A, luminal B, or 

luminal/Her2-enriched subtypes) carry a risk of late 

relapse with a predilection for bone. Her2-enriched 

tumors (characteristic of luminal/Her2 or non-luminal/

Her2-enriched subtypes) demonstrate a high relapse rate 

in the brain, liver, and lung. Triple-negative basal-like 

tumors demonstrate a high and early relapse rate, with a 

greater incidence of brain, lung, and nodal metastases; 

triple-negative non-basal like subtypes also demonstrate 

a higher rate of visceral involvement that includes a greater 

proportion of liver metastases [29]. Although molecular 

subtype analysis is not yet a standard component of 

pathologic evaluation, knowledge of these subtypes in the 

future may add to the evaluation of women with MBC, 

aff ording both prognostic and predictive tools.

Molecular profi ling will ideally enable analysis within 

and across subtypes to isolate therapeutic targets as 

diff erent tumor subtypes appear to share some muta-

tional hotspots. New agents targeting critical pathways in 

metastatic disease are currently in late-stage development 

(Table 3), and combinations of these agents and existing 

therapies will undoubtedly be necessary to better control 

systemic disease.

Th e development of endocrine-refractory, ER+ meta-

static disease appears to involve cell signaling pathways, 

including insulin-like growth factor receptor-I (IGFR-I) 

and mTOR. Although early results from IGFR-I inhibitors 

in overcoming resistance to AIs have been disappointing, 

the results from BOLERO-2 demonstrating the potential 

for use of mTOR inhibition to overcome AI resistance 

appear to be a promising alternative to cytotoxic therapy 

in these patients.

Proteins involved in DNA repair, such as poly (ADP-

ribose) polymerase (PARP), are a therapeutic target in 

both BRCA mutation carriers and non-BRCA mutant 

triple-negative tumors. In basal-like subtype and sporadic 

triple-negative patients, intrinsic hypermethylation of the 

BRCA gene in combination with PARP inhibition may 

aff ord the synthetic lethality necessary to make these 

tumors more susceptible to cell death from chemotherapy 

[53]. Phase II data initially demonstrated that patients 

with triple-negative MBC had an improvement in CBR 

and OS when treated with PARP inhibitor iniparib when 

combined with carboplatin and gemcitabine; however, 

results of the phase III trial presented at the 2011 ASCO 

meeting did not result in a signifi cant increase in OS and 

PFS [68,69]. Although phase I and II studies testing 

olaparib showed response in BRCA1/2 mutation carriers 

with MBC, current trials have shifted the clinical focus of 

this drug toward ovarian carcinoma [70]. Velaparib, for 

which phase II results of a combination regimen with 

temozolomide were presented at the 2010 ASCO meet-

ing, also showed lower-than-expected RRs [71]. 

Unfortunately, the initial promise of PARP inhibitors in 

triple-negative patients with MBC has yet to be realized.

Other potential targets that appear specifi c to basal-

like and triple-negative tumors include hedgehog ligands 

and tyrosine phosphatases. Overexpression of hedgehog 
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ligands, thought to mediate tumor-stromal interactions, 

in basal-like tumors is associated with poor prognosis, 

and blockade of this ligand may aff ord another thera-

peutic target. Tyrosine phosphatases, such as PTPN12 

(tyrosine-protein phosphatase non-receptor type 12), 

normally inhibit tyrosine kinases such as epidermal 

growth factor receptor (EGFR) and Her2 and may act as 

tumor suppressors. Th eir expression is frequently lost or 

inactivated in triple-negative tumors, and, as such, these 

subtypes may be more sensitive to inhibitors of tyrosine 

kinase inhibitors. However, as yet, phase III trials adding 

agents like sunitinib to standard cytotoxics like docetaxel 

have not demonstrated improved outcomes compared 

with cytotoxic monotherapy [72].

Preclinical work examining the role of proto-oncogene 

c-Met, also known as hepatocyte growth factor receptor, 

in the pathogenesis of basaloid tumors and trastuzumab-

resistant, Her2-positive tumors points to another 

potential opportunity for targeted therapy [9,19,73]. Oral 

small-molecule inhibitors of c-Met are currently in phase 

I trials both as monotherapy and in combination with 

gemcitabine and sorafenib [74-76].

Conclusions

Despite the development of numerous new agents over 

the past two decades and the rare durable remission, 

MBC remains an incurable disease. While the treatment 

of women with MBC will become even more complex as 

novel therapies emerge alongside of clinical decision-

making tools that allow personalization of therapies 

according to molecular and genomic subtype, one basic 

principle ultimately will remain unchanged: do no harm. 

Th e current goal of care in metastatic disease is to 

palliate. Any therapeutic approach that seeks to harness 

the potential of a given drug to improve upon existing 

RRs and survival must be balanced against toxicities.
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