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B Abstract: Breast cancer that lacks expression of estrogen/progesterone receptors and overexpression of the human
epidermal growth factor receptor2 (HER2), i.e. triple-negative breast cancer (TNBC), is not amenable to current targeted
therapies and carries a poor prognosis. This review discusses the natural history of TNBC and published literature in the
relevant treatment landscape, with a focus on newer therapies. Compared with other subtypes of breast cancer, TN tumors
have higher response rates to neoadjuvant chemotherapy; however, this advantage is not clearly translated into the meta-
static setting and has not improved these patients’ overall survival. Numerous cytotoxic and targeted strategies have dem-
onstrated efficacy or are under investigation. Strategies showing promise in this difficult-to-treat group of patients include
cytotoxic therapy with platinum-containing agents, ixabepilone, and novel targeted approaches such as poly(ADP-ribose)

polymerase inhibitors. m
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Breast cancer that lacks expression of estrogen
receptor/progesterone receptor, and overexpres-
sion of the human epidermal growth factor receptor 2
(HER2), or triple-negative breast cancer (TNBC),
accounts for around 15-20% of breast cancers in the
US. It typically carries a poorer prognosis than other
breast cancer subgroups, with shorter periods of dis-
ease-free and overall survival (OS) (Fig. 1) (1-3).
TNBC also has a propensity for visceral or central
nervous system metastases (4-7).

A retrospective analysis of 1601 breast cancer
patients showed that compared with other breast can-
cer subgroups, those with TNBC have a significantly
higher risk of distant recurrence and death within
5 years of diagnosis (5). In this analysis, the risk of
recurrence rose sharply from date of diagnosis, peaked
at 1-3 years after surgery, and dropped quickly there-
after. This pattern was distinct from the steady risk of
recurrence characteristic of other breast
subtypes (Fig. 2).
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Patients with TNBC tend to have a worse prognosis
than patients with hormone receptor-positive disease,
but a better prognosis than patients who have disease,
which is hormone receptor-negative, but HER2-over-
expressed and not treated with trastuzumab (8).

Triple-negative breast cancer continues to be the
focus of intense clinical research, and this article seeks
to review what is currently known about treating this
enigmatic subtype, focusing on newer therapies that
have shown promise in recent clinical trials. It is
hoped that the current work will aid oncologists in
evaluating the ever-changing treatment landscape of
this challenging disease.

METHODS

For this review, clinical data with relevance to the
molecular biology or treatment of TNBC were com-
piled through searches within PubMed and congress
abstract databases, with no date limits, specific inclu-
sion, or specific exclusion criteria applied. These
searches were current as of December 2010. Bibliogra-
phies of publications were also scanned by eye for
additional relevant studies not captured in the initial
searches, and ongoing clinical trials in TNBC patients
were identified from the National Institutes of Health
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Figure 1. California cancer registry: survival of triple-negative
breast cancer (TNBC) (1).
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Figure 2. Rates of distant recurrences following surgery in triple-
negative breast cancer (TNBC) and other breast cancers (5).

clinical trial registry. Preference for inclusion was
given to more recent phase II or III studies, although
older studies were included if they contained data that
were deemed relevant to current clinical practice.
Ongoing clinical trials were included if designed to
focus on the efficacy or safety of therapeutic agent(s)
in TNBC patients. Relevant preclinical molecular biol-
ogy, biomarker, and statistical references were also
included to provide sufficient background on the
disease state.

INCIDENCE AND RISK FACTORS

Studies in the United States report that TNBC
accounts for 15-20% of breast cancers in the general
population (1,9), but TNBC has a higher prevalence
among premenopausal women and women with the
BRCA1 mutation (10-12). The incidence and preva-
lence of TNBC also varies with race. The prevalence
of TNBC in Asian women ranges from 12% to 19%
(13-17), and in a population of Hispanic women, the
prevalence was 24% (18). Reported incidences in

black women are particularly high, ranging from 26%
in all ages to as high as 39% in premenopausal black
women (10). In a retrospective analysis of 471 TNBC
patients diagnosed between 1996 and 2005 and trea-
ted with primary systemic therapy, investigators found
no significant difference in relapse-free or OS between
non-black and black patients, after controlling for
patient and tumor characteristics (19).

Although black women in the US and UK have a
higher breast cancer mortality rate than white women
(20,21), race does not appear to be predictive of treat-
ment efficacy in patients with TNBC.

Aside from premenopausal status and African des-
cent, other possible risk factors for TNBC include
younger age at menarche, higher parity, younger age
at first term birth, choosing not to breastfeed, pharma-
cological lactation suppression, and elevated waist-
to-hip ratio (22,23). Recent evidence suggests that
metabolic syndrome may also increase the risk of
TNBC (24).

MOLECULAR FEATURES OF TRIPLE-NEGATIVE
BREAST CANCER

Breast cancer may be subdivided into five molecular
subtypes using complementary deoxyribonucleic acid
(cDNA) microarray profiling: luminal subtype A
(estrogen receptor and/or progesterone receptor posi-
tive, and HER2 normal), luminal subtype B (estrogen
receptor and/or progesterone receptor positive and
HER2 overexpression), HER2-overexpressed/gene-
amplified basal-like, and normal breast-like (Table 1)
(10,25,26). Approximately 85% of TNBCs fall within
the basal-like subtype, the remaining 15% being
termed ‘‘non-basal-like” and consisting largely of
luminal-B tumors (a subtype that typically has lower
estrogen receptor expression than the luminal-A sub-
type) (27). As the majority of TNBC lesions are basal-
like, the terms ‘basal-like” and “TN” are often used

Table 1. Summary of Breast Cancer Molecular
Subtypes (10,25,26)

Normal
ERBB2+ Basal-like breast-like

Luminal  Luminal
Molecular subtype subtype A subtype B

Breast cancer (%) ~50 ~15 ~7 ~20 ~6

Prognosis Good Intermediate  Poor  Poor Poor
ER expression v (4 X X v/X
HER2 X (%4 v X v/x

overexpression

‘/, ER expressed / HER2 overexpressed; x, ER not expressed/normal expression of
HER2; ER, estrogen receptor
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interchangeably; however, distinct similarities and dif-
ferences exist for these two tumor types (28). Like TN
tumors, tumors with BRCAT mutations are strongly
associated with the basal-like phenotype (26), and TN
tumors tend to share characteristics with BRCA1-asso-
ciated tumors. Basal-like and TN tumors have impor-
tant differences in terms of messenger RNA (mRNA)
expression patterns: basal-like tumors tend to express
c-kit, epidermal growth factor receptor (EGFR) or
HER1, and mutant forms of p53 (26,29), while
TNBCs have exhibited a more heterogeneous mRNA
expression pattern in gene profiling studies (30). Fur-
thermore, basal-like tumors specifically express one or
more of the cytokeratins, CK5/6, CK17, and CK14,
whereas, some TN tumors do not express any of these
markers (28). These expression patterns have impor-
tant implications for treatment that will be discussed
later in this article. Interestingly, non-basal-like TNBC
may carry a better prognosis than basal-like TNBC. In
a study of 958 women, the 16 women with non-basal
TNBC experienced rates of distant recurrence compa-
rable to those with hormone receptor-positive disease
(31). A recent retrospective analysis showed that
patients with recurrent and/or metastatic TNBC may
be classified into two subgroups by relapse-free
survival (RFS). Furthermore, TNBC patients with
RFS > 3 years had a better disease control rate (DCR),
progression-free survival (PFS) to first-line palliative
chemotherapy, and OS than those with RFS < 3 years
(DCR 55% versus 77%, p = 0.022; median PFS 3.6
versus 7.7 months, p = 0.0001; median OS 17.4 ver-
sus 42.0 months, p = 0.0003) (32). Given these differ-
ences, it may be wise to consider different treatment
strategies for these subgroups.

CLINICAL FEATURES OF TRIPLE-NEGATIVE
BREAST CANCER: THE TRIPLE-NEGATIVE
PARADOX

No formal guidelines exist regarding which specific
systemic regimens are most appropriate for TNBC.
Lack of estrogen receptor, progesterone receptor, or
HER2 overexpression rules out tailored therapeutic
approaches with endocrine and HER2-directed thera-
pies. Conventional cytotoxic therapy is the only treat-
ment recommended by the National Comprehensive
Cancer Network (33). The paradox of TNBC lies in
that it seems to be particularly responsive to cytotoxic
chemotherapy, but this responsiveness frequently has
little bearing on patient survival.

Neoadjuvant/Adjuvant Setting

Triple-negative breast cancer is sensitive to chemo-
therapy, and patients who achieve a pathological com-
plete response (pCR) with neoadjuvant treatment have
good OS. In fact, recent clinical trial data indicate
that patients with hormone receptor-negative tumors
(basal-like or ERBB2-positive) show better responses
to adjuvant and neoadjuvant chemotherapy regimens
than patients with luminal A and B tumors (34-37).
Patients with TNBC treated with platinum-based che-
motherapy in the neoadjuvant setting have demon-
strated a higher pCR rate than those with non-TN
disease, although this topic is controversial (38). In a
study of anthracycline- and taxane-based neoadjuvant
therapy, Rouzier and colleagues reported a signifi-
cantly higher pCR rate for basal-like and ERBB2-posi-
tive tumor types than for luminal tumors (45% versus
7%) (36). In a subsequent analysis, Carey and
colleagues reported pCR rates of 36% and 27%,
respectively, for patients with the ERBB2-positive and
basal-like subtypes, compared with 7% for luminal
tumors (p = 0.01) (35). Patients who achieved a pCR
had good prognosis regardless of tumor subtype; how-
patients with basal-like or ERBB2-positive
tumors who did not achieve pCR had a higher risk of
relapse and poorer prognosis than other subgroups.

Similar results were found in an analysis of a pro-
spectively collected clinical database of 1118 patients
who received neoadjuvant chemotherapy for stage I-III
breast cancer between 1985 and 2004. The study
showed that patients with TNBC had significantly
higher pCR rates than non-TNBC patients (22% versus
11%, p = 0.034) (6). As before, TNBC patients who
achieved a pCR had similar OS to patients with non-
TNBC, but among those with residual disease (RD),
TNBC patients had significantly decreased OS com-
pared with those with non-TNBC (hazard ratio [HR],
1.5; 95% confidence interval [CI], 1.3-1.8; p < 0.0001)
(Fig. 3) (6). Furthermore, recent data indicate that
TNBC patients who respond to treatment and remain
disease-free for at least 3 years tend to survive without
recurrence. In contrast, it is not uncommon for non-
TNBC to relapse over a decade (5,39).

ever,

Metastatic Disease

Patients with TNBC that metastasizes typically
have poor survival (7). A retrospective analysis of the
CALGB 9342 study found that among patients treated
with paclitaxel, OS was significantly shorter in those
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Figure 3. Overall survival (OS) as a function of response to
chemotherapy (pathological complete response [pCR] versus resid-
ual disease [RD]) and triple-negative [TN] status (triple-negative
breast cancer [TNBC] versus non-TNBC) (6).

with TNBC compared with those with non-TNBC
(8.7 versus 12.9 months; p = 0.008), despite similar
objective response rates (ORRs) and times-to-treat-
ment failure (40). Furthermore, a retrospective multi-
center review of patients with metastatic TNBC
(n = 111) noted rapid progression through multiple
lines of chemotherapy: median durations of response
for first-, second-, and third-line palliative treatments
were 12 weeks (range, 0-73.1 weeks), 9 weeks (range,
0-120.9 weeks), and 4 weeks (range, 0-59 weeks),
respectively (41).

Such high relapse rates and short OS highlight a
clear need for more effective treatment options. As
TNBC has increased chemosensitivity in the neoadju-
vant setting compared with luminal tumors, and as
patients achieving a pCR seem to have similar out-
comes to patients with other genotypic profiles, opti-
mizing early improve the
outcomes for this patient group. Moreover, distin-
guishing subtypes of TNBC may be of great importance
in developing targeted regimens for this disease. In
addition, because these patients are at increased risk of
visceral or brain metastases—early brain metastases
in particular survival)—
they may be candidates for preventive strategies that
target brain metastases (4,6).

chemotherapy might

(associated with poor

NOVEL APPROACHES TO TREATMENT OF
TRIPLE-NEGATIVE BREAST CANCER

Improved understanding of the molecular biology
of TNBC has led to the evaluation of newer agents,
including those that cause aberrant DNA repair
(such as newer platinum agents and trabectedin) or

microtubule stabilization (such as ixabepilone). In
addition, given the chemosensitivity of TNBC, “dose-
dense” and metronomic schedules of chemotherapy
are being investigated in these patients (42,43). Also
under study are novel receptor-targeted approaches,
including inhibitors of angiogenesis (e.g., bevacizumab,
sunitinib), growth-promoting proteins such as EGFR
(e.g., cetuximab), poly(ADP-ribose) polymerase (PARP)
inhibitors (e.g., BSI-201, AZD2281), and SRC (e.g.,
dasatinib, bosutinib). Table 2 presents a summary of
early phase I/11 trials with novel investigative agents.

Aberrant Deoxyribonucleic Acid Repair

Platinum Agents Triple-negative breast cancer cells
exhibit an abundance of DNA aberrations, suggesting
that their DNA repair mechanisms are defective. Conse-
quently, these tumors may have an increased sensitivity
to agents that cause inter-strand DNA breaks (e.g., plat-
inum agents) (38). In support of this idea, TNBC tends
to be phenotypically and molecularly similar to BRCA1-
associated breast cancer, for which defects in DNA
repair confer sensitivity to agents that cause inter-strand
cross-links (55,56). Therefore, the sensitivity of TNBC
to platinum-based chemotherapy has been the focus of
several recent clinical trials in the neoadjuvant/adjuvant
and advanced disease settings.

In the neoadjuvant setting, TNBC patients might
have a higher pCR rate to platinum-based chemother-
apy than those with non-TN disease (38). In other
neoadjuvant studies of platinum-containing regimens,
investigators reported respective pCR rates of 34%
and 46% in TNBC patients with locally advanced and
large operable disease (57,58). A recent study assessed
the efficacy of platinum-based combination chemo-
therapy (carboplatin plus docetaxel) in patients with
early TNBC who were unsuitable for standard anthra-
cycline-based chemotherapy. Preliminary results sug-
gest that this regimen is active and well tolerated in
these patients, with 4/10 patients achieving pCR
remission (59). Higher sensitivity to platinum-based
therapy may or may not hold true in the advanced
disease setting. The overall response rate (RR) to plat-
inum-based chemotherapy was reported higher in
patients with TNBC than non-TNBC patients in one
study (38), but similar RRs have also been reported
(60). A recent comparison of platinum-containing che-
motherapy in patients with TN and non-TN meta-
static breast cancer (MBC) determined that similar
benefits were obtained in terms of RR, DCR, PFS, and
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Table 2. Clinical Trials of Novel Agents in Patients with Triple-Negative Breast Cancer (TNBC)

Agent Patients

Outcomes

Aberrant deoxyribonucleic acid (DNA) repair
Trabectedin (44) Metastatic TNBC, pretreated and progressive
(n=43)

Metastatic TNBC with <2 prior chemotherapies
(clinical benefit rate [CBR] and progression-free
survival [PFS]: BGC n =57, and GC n = 59;
0S: BGC n=61, and GC n=62)

Recurrent, chemorefractory, BRCA-deficient BC
(n=27)

BSI-201 + gemcitabine + carboplatin
(BGC) or gemcitabine + carboplatin
alone (GC) (45)

Olaparib (46)

Microtubule stabilization
Ixabepilone (47) Untreated BC (n = 164)

Taxane-naive MBC (n = 23)

Anthracycline-pretreated MBC (n = 65)

Taxane-pretreated MBC (n = 37)

Taxane-resistant MBC (n = 49)

Anthracycline- / taxane-pretreated MBC (n = 50)

Anthracycline- / taxane- / capecitabine-resistant
MBC (n = 126)

Ixabepilone + capecitabine (Arm 1) Anthracycline- / taxane-pretreated or -resistant
versus capecitabine (Arm 2) (48) (n=752)

Angiogenesis inhibition
Bevacizumab + paclitaxel (Arm 1)
or paclitaxel alone (Arm 2) (49)

Metastatic hormone receptor-negative (n = 233;
subgroup data), majority also HER2- due to
inclusion criteria; first-line treatment

MBC previously treated with anthracyclines/
taxanes (TNBC, n = 20; non-TNBC, n = 44)

Epidermal growth factor receptor (EGFR) inhibition

Cetuximab (+ carboplatin at Metastatic TNBC, <3 prior chemotherapies, no
progression; Arm 1) or prior platinum or EGFR inhibitor (Arm 1, n = 31;
cetuximab + carboplatin from day 1 Arm 2, n=71)

(Arm 2) (51)

Cetuximab + paclitaxel or Metastatic TNBC with <2 prior chemotherapies
cetuximab + docetaxel (52) (n=12)

Irinotecan + carboplatin (Arm 1) Metastatic TNBC (Arm 1: n = 33, Arm 2: n = 39)
or Irinotecan + carboplatin
+ cetuximab (Arm 2) (53)

Src kinase inhibition

Dasatinib (54)

Sunitinib (50)

Metastatic TNBC previously treated with
anthracyclines and taxanes (n = 36)

PR in two of 43 TNBC patients, prompting
closure of this study arm

CBR: 62% BGC versus 21% GC

Median PFS: 6.9 BGC versus 3.3 months GC

Median OS: 12.2 BGC versus 7.7 months GC

Objective response rate (ORR): 38% (based on
unconfirmed responses)

pCR: 19%

ORR: 57%; median PFS: 5.5 months

ORR: 41.5%, median PFS: 4.8 months; median
OS 22 months

ORR: 22%; median PFS 2.6 months

ORR: 12%; median PFS 2.2 months; median OS
7.9 months

ORR: 30%; median PFS 3.8 months

ORR: 11.5%; median PFS 3.1 months; median
OS 8.6 months

ORR: 31% (Arm 1) versus 15% (Arm 2);

median PFS: 4.2 (Arm 1) versus 1.7 months
(Arm 2); median OS: 10.3 (Arm 1) versus
9.0 months (Arm 2)

PFS: 8.8 (Arm 1) versus 4.6 months (Arm 2)

RR: 15% in TNBC and 11% in non-TNBC

Arm 1: PR: 6%, CBR 10%
Arm 2: RR: 18%, CBR 27%
Median PFS: 2 months

Clinical response 82% (assessed by tumor
markerl or metastasis sizel)

ORR: 30% in Arm 1, 49% in Arm 2

PFS 5.1 (Arm 1) versus 4.7 months (Arm 2)

OS 12.3 (Arm 1) versus 15.5 months (Arm 2)

RR: 4.7%
CBR: 9.3%

MBC, metastatic breast cancer; PR, partial response.

OS since the time of initiation of therapy in both
groups (61). Furthermore, a combination of gemcita-
bine plus carboplatin showed only modest activity in
a recent prospective randomized phase II study of
patients with metastatic TNBC (45).

A phase II study of cisplatin or carboplatin as first-
or second-line therapy is currently ongoing in patients
with TN-MBC. The primary objectives are to deter-
mine ORR and to evaluate p63/p73 as a biomarker
of response to cisplatin.

Platinum compounds might be a good treatment
option for patients with TNBC; however, no con-
trolled randomized data are available, and platinum

agents are not in current adjuvant or neoadjuvant
guidelines.

Trabectedin Trabectedin is a naturally derived
compound that binds to the minor groove of DNA. Its
cytotoxicity is conveyed by synergistic action between
two DNA repair mechanisms, the efficient nucleotide
excision repair and deficient homologous recombina-
tion repair machinery (62). In a phase II clinical trial,
only two of 43 patients with metastatic TN disease
who received trabectedin (1.3 mg/m? every 3 weeks)
achieved a partial response. As such, the trabectedin
arm of the study was closed due to poor response
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(44). This agent has limited potential for use in
TNBC.

Poly(ADP-Ribose) Polymerase Inbhibitors The PARP
enzyme has a well-established role in DNA repair pro-
cesses, and PARP inhibitors have been recently shown
to selectively target cells with defects in double-strand
DNA repair (63). Furthermore, breast tumor cells that
are deficient in BRCA1 or BRCA2 (including the basal-
like phenotype) have increased sensitivity to PARP
inhibition. The apparent molecular overlap between
basal-like and TN disease suggests that PARP inhibition
may be an effective approach for TNBC (64), especially
considering that TNBC may be prone to high expres-
sion of PARP1 (45).

Results (7 = 123) of a phase II trial in patients with
metastatic TNBC showed that adding the PARP inhibi-
tor BSI-201 (6 mg/kg; intravenously on days 1, 4, 8,
and 11 every 21 days) to gemcitabine and carboplatin
in combination significantly improved the clinical bene-
fit rate (CBR) (56% versus 34% p = 0.01) and PFS (5.9
versus 3.6 months; HR 0.59, p = 0.01) over chemother-
apy alone (45). The median OS was also significantly
improved in the arm containing BSI-201 (12.3 versus
7.7 months; HR 0.57, p = 0.01) (45). BSI-201 is also
undergoing evaluation in combination with gemcita-
bine and carboplatin in a randomized phase III trial in
patients with metastatic TNBC and in a single-arm
study in neoadjuvant TNBC (NCT00938652 and
NCT00813956). Another PARP inhibitor, olaparib
(AZD2281; KU-0059436), has shown anti-tumor effi-
cacy against BRCA1-deficient breast cancer cells, both
alone and in combination with chemotherapy (65).
Phase 1 data of olaparib demonstrate its anti-tumor
activity in patients who were carriers of the BRCAI or
BRCA2 mutation (66). In a single-arm, phase II trial,
ORR (currently based on unconfirmed responses) was
38% (9/24) with oral olaparib 400 mg bd. The major-
ity of reported toxicities were mild (grade 1-2);
however, five patients (19%) had grade 3 or greater
toxicities (46). This agent is currently undergoing
clinical evaluation in combination with paclitaxel in a
phase I/II single-arm trial (NCT00707707) and in
combination with carboplatin in a phase I study
(NCT00516724), both in metastatic TNBC. Olaparib
is also undergoing investigation in combination with
cisplatin in a phase I/II single-arm trial in neoadjuvant
TNBC (NCT00782574). The PARP inhibitors show
promising activity in patients with TNBC. Further data
are awaited to confirm their potential in this setting.

Microtubule Stabilization

Ixabepilone Ixabepilone, a member of the epothi-
lone class of macrolide antibiotics, possesses high
microtubule stabilizing activity and low susceptibility
to drug resistance mechanisms, including multidrug-
resistant protein and P-glycoprotein (67). In the US,
ixabepilone is approved for use in combination with
capecitabine for the treatment of metastatic or locally
advanced breast cancer after failure of an anthracy-
cline and a taxane. It is also approved in the US as a
monotherapy in the same setting after failure of an
anthracycline, a taxane, and capecitabine.

A retrospective analysis of phase II studies (includ-
ing patients in the neoadjuvant and metastatic setting)
showed activity for ixabepilone in TNBC patients,
including patients who had previously received or
were resistant to anthracyclines, taxanes, and capecita-
bine (47). Notably, in a neoadjuvant study, pCR rates
in patients with TNBC were 26% in the breast and
19% in the breast plus lymph nodes (68). In the total
population, pCR rates were 18% in the breast and
11% in the breast plus lymph nodes (68).

In two phase III trials with large TNBC subpopula-
tions, combination therapy with ixabepilone and cape-
significantly improved overall RR and
prolonged PFS over single-agent capecitabine in TNBC
disease that had already progressed following anthra-
cyclines and taxanes. A prospective analysis of the
pooled data for TNBC patients from the two studies
yielded median overall RR of 31% and 15% for com-
bination and single-agent capecitabine arms. PFS times
were 4.2 months in patients receiving combination
therapy and 1.7 months in capecitabine monotherapy
recipients (HR 0.63; 95% CI 0.52-0.77) (48). Median
OS in these arms were 10.3 months and 9.0 months,
respectively, a difference that was not statistically sig-
nificant (HR 0.87; 95% CI 0.71-1.07).

Ixabepilone, alone or in combination with capecita-
bine, has demonstrated efficacy in a broad spectrum
of patients with TNBC. Further studies will help
define its use and value in these patients.

citabine

Eribulin The halichondrin B analog, eribulin, was
approved by the Food and Drug Administration (FDA)
on 15 November 2010 for the treatment of patients
with MBC who have received at least two prior chemo-
therapy regimens for late-stage disease. In an open-
label, randomized, phase III study of 762 patients with
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anthracycline and taxane-pretreated locally recurrent
or MBC, eribulin significantly improved median OS
compared with treatment of physician choice (13.1 ver-
sus 10.7 months; HR =0.81, 95% CI 0.66-0.99;
p = 0.041) (EMBRACE; 69). In this study, eribulin also
improved RR versus the control arm (12% versus 5%;
p = 0.005 by independent radiology review [IRR]), and
there was a trend for improved IRR-assessed PFS (3.7
versus 2.2 months; HR = 0.87; 95% CI: 0.71-1.05;
p = 0.14).The survival benefit was maintained in differ-
ent prespecified patients’ subsets, including hormone
receptor expression and HER2 status, number of organs
involved, sites of disease and prior treatment with cape-
citabine (70). Another phase III trial is still ongoing and
will compare eribulin versus capecitabine in locally
advanced or MBC patients who had received up to
three prior chemotherapy regimens (but no more
than two regimens for advanced or MBC) including an
anthracycline and a taxane (71).

Angiogenesis Inhibition

Bevacizumab The angiogenesis inhibitor bev-
acizumab in combination with paclitaxel demon-
strated improvements in RR and PFS for patients with
metastatic TNBC (49). In a large phase III study, PFS
was 8.8 months in TNBC patients receiving bev-
acizumab plus paclitaxel versus 4.6 months in those
receiving paclitaxel alone (HR 0.53; 95% CI 0.40-
0.70) (49). OS, however, was not significantly
improved in the overall population (72).

A number of phase II studies are currently evaluat-
ing how patients with metastatic TNBC respond to
the addition of bevacizumab to standard chemother-
apy, both in the first-line (NCT00691379; NCTO00
733408; NCT00608972) and later-line settings (NCT
00479674; NCT00472693). In a first-line MBC study
in which over one-third of the population had TNBC,
RRs for the overall patient population were, however,
comparable when adding bevacizumab
weekly ixabepilone or weekly paclitaxel. When ixab-
epilone and bevacizumab were given on a 3-weekly
schedule, the RR was higher (73).

A large phase III study (BEATRICE; NCT00528
567) is evaluating the benefits of adjuvant bev-
acizumab when added to standard chemotherapy in
patients with TNBC. This study has completed accrual
and results should be available in 2014. Bevacizumab
is also being evaluated in the neoadjuvant setting in
patients with TNBC: a randomized neoadjuvant phase

to either

IT trial of paclitaxel with or without carboplatin
and/or bevacizumab followed by doxorubicin and
cyclophosphamide is recruiting patients
with hormone receptor-poor/HER2-negative resect-
able breast cancer. The primary outcome measure is
pCR (NCT00861705).

currently

Sunitinib Sunitinib, a dual inhibitor of the recep-
tors for platelet-derived growth factor and vascular
endothelial growth factor, has been investigated in a
preliminary phase II trial in TNBC patients with meta-
static disease who had received prior anthracycline
and taxane therapy (50). Objective responses to sin-
gle-agent sunitinib were reported in three of 20 (15%)
patients with TNBC and seven of 64 patients (11%)
in the total population. Ongoing phase I/1I studies are
also evaluating sunitinib in patients with metastatic
TNBC previously treated with an anthracycline and
taxane (NCT00246571), and in the neoadjuvant set-
ting in combination with carboplatin plus paclitaxel
(NCTO00887575). Recent phase II and phase III studies
of sunitinib have shown that there is limited potential
for this agent in MBC (74,75). Combination of suniti-
nib plus docetaxel and sunitinib plus capecitabine
improved ORR, but did not prolong PFS or OS com-
pared with single agent docetaxel or capecitabine in
first-line MBC.

Epidermal Growth Factor Receptor Inhibition

Recent studies have indicated that EGFR is fre-
quently overexpressed in TNBC and is a negative
prognostic factor when present (76,77), suggesting a
potential role for EGFR-targeted therapies in this
indication.

Cetuximab Monotherapy with the EGFR inhibitor
cetuximab (with carboplatin added at progression)
demonstrated limited activity in a largely pretreated
metastatic TNBC population (87% had received prior
adjuvant chemotherapy; 54% had received prior che-
motherapy in the metastatic setting) (51). Most
patients progressed rapidly, and overall median PFS
was 2.0 months. Preliminary data in patients with pre-
treated TNBC indicate that adding cetuximab to irino-
tecan and carboplatin may anti-tumor
activity over chemotherapy alone (53). The triple-
therapy regimen achieved a higher overall RR (49%
versus 30%) and longer median survival (15.5 months
12.3 months) than chemotherapy alone,
although PFS appeared to be shorter (4.7 months

improve

versus



48 e FORNIER AND FUMOLEAU

versus 5.1 months). Interestingly, the overall RR with
the triple-therapy regimen was higher in TNBC than
in the overall study population (49% versus 38%,
respectively) (53).

Cetuximab, used in combination with other agents,
may have potential for use in TNBC; however, further
studies are warranted to investigate the benefit/risk
profile of these combinations. Other EGFR inhibitors
that are being investigated as potential treatments
for TNBC include panitumumab (NCT00894504),
gefitinib  (76), (NCT00491816 and
NCT00739063).

and erlotinib

SRC Kinase Inbibition In vitro studies have indi-
cated that TNBC cell lines display greater sensitivity
to growth inhibition by the multitarget kinase inhibi-
tor, dasatinib, than luminal or HER2-overexpressed
breast cancer cell lines (78). In a phase II study in
patients with metastatic TNBC previously treated with
anthracyclines and taxanes, dasatinib was associated
with modest single-agent activity, with a CBR of
9.3% (4/43) (54).

In vitro studies have shown that dasatinib in com-
bination with certain chemotherapy agents has a syn-
ergistic effect on TNBC tumor growth, suggesting
further evaluation of this agent in combination with
chemotherapy (79). Further to this idea, two recent
phase I trials for patients with MBC reported that
dasatinib plus capecitabine and dasatinib plus
paclitaxel had good tolerability and promising activ-
ity (80,81). Two ongoing phase I/ trials are
investigating the combinations of dasatinib plus paclit-
axel (NCT00820170) and dasatinib plus ixabepilone
(NCT00717704).

Other Approaches to Treatment of Triple-Negative
Breast Cancer

Several other approaches may be worthy of investi-
gation in patients with TNBC. For example, the
androgen receptor may be a valid target, given that it
is frequently expressed on TNBC tumors (82). Heat
shock proteins (HSPs) may also be good choices for
targets; an in vitro study found that TNBC cells
respond to retreatment with the HSP90 inhibitor
PU-H71 for several cycles (extending over 5 months)
without evidence of resistance (83). Other potential
approaches include the histone deacetylase inhibitor
entinostat, which has demonstrated cytotoxicity in
TNBC cells (84); and the somatostatin analog
AN-162, which produced greater growth inhibition

than doxorubicin in TNBC cells (85). In addition, the
mammalian target of rapamycin (mTOR) inhibitors
everolimus and temsirolimus may have potential for
the treatment of TNBC and are currently being inves-
tigated in phase I/II trials of TNBC. Ongoing clinical
studies of these agents in breast cancer patients will
determine the validity of these targets against TNBC.

CONCLUSIONS

There is a clear need to broaden the pool of effec-
tive treatments for TNBC. In this regard, recent stud-
ies have suggested that therapy with
platinum-containing agents or ixabepilone, as well as
novel targeted approaches such as PARP inhibition,
may be effective in this difficult-to-treat indication.

In addition, a significant body of preclinical and clin-
ical breast cancer research is aimed at addressing the
many unanswered questions regarding the biology of
TNBC. In the future, the resulting data may yield risk
prediction models that will allow us to further subclas-
sify and diagnose TNBC tumors based on individual
gene expression profiles. Such personalized approaches
are expected to become valuable tools for more accu-
rately defining prognosis for TNBC patients and pre-
dicting the likelihood of response to the various
treatment options. This information should in turn help
to overcome the enigma associated with TNBC.

cytotoxic
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