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A. Bilici1, C. Arslan2, K. Altundag2
1

Sisli Etfal Research and Training Hospital, Department of Medical Oncology, Istanbul; 2Department of Medical Oncology, Hacettepe
University Institute of Oncology, Ankara, Turkey

Summary
Triple-negative breast cancer (TNBC) has a greater risk
of recurrence despite more aggressive therapy even in lowrisk category. TNBC is high grade, hormone receptor and
HER-2 negative, it exhibits a high level of Ki-67 staining and
expresses the epithelial growth factor receptor (EGFR). Because of its expression profile, treatment options are limited
to cytotoxic chemotherapy. Molecular defects that give rise to
BRCA1-associated breast cancer also occur in TNBC. Thus,
the combination of poly-(ADP-ribose)-polymerase (PARP)

Introduction
TNBC is characterized by lack of estrogen receptor (ER) and progesterone receptor (PR) expression, as
well as absence of human epidermal growth factor receptor-2 (HER-2) overexpression upon immunohistochemical analysis [1]. Despite the fact that the terms TNBC and basal-like cancer are often used interchangeably,
there is a substantial overlap in the biological and clinical characteristics of basal-like breast cancer and TNBC;
thus, they are different subtypes of cancer [1,2]. Basallike breast cancer constitutes one of the 5 subtypes of
breast cancer and is diagnosed using microarray-based
expression analysis [2,3]. This subtype comprises a heterogeneous group of tumors defined by absence or low
level of expression of ER and PR and a very low prevalence of HER-2 overexpression. In basal-like breast
cancer the expression of genes is usually detected in
the basal or myoepithelial cells of the human breast [3].
These tumors stain positively for basal cell cytokeratins
(CK5, 6, 17) [4].
Approximately 15-20% of breast cancers are TNBCs [5]. TNBCs are characterized by an aggressive

inhibitors with drugs that cause DNA breakages, such as alkylating agents and topoisomerase I inhibitors, could theoretically potentiate the efficacy of each drug in patients with
TNBC. Clinical trials with various targeted approaches alone
or in combination with different chemotherapeutic agents are
currently underway. In this review, current and future treatment approaches in TNBC with novel targeted agents are
discussed.
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clinical course and poor survival, despite more aggressive therapy, even in low-risk category [6]. High rates
of TNBC have been observed in young women, which
may be associated with a greater likelihood of BRCA1
expression; TNBC is common in premenopausal African or Hispanic women and in lower socioeconomic
groups. The histological features of triple-negative tumors include high grade, high Ki-67 index, and necrosis [7-9]. TNBCs frequently metastasize via the hematogeneous route rather than via the lymphatics, and thus
shows less axillary lymph node metastasis compared to
non-TNBC [9,10]. Patients with TNBC have a greater
risk of recurrence and once metastatic TNBC is present a much shorter median time from relapse to death
is commonly observed [5]. Patients with germline mutations in BRCA genes are at risk of developing breast,
ovarian, pancreatic, and prostate cancers, among other
malignancies. The products of BRCA genes have a variety of roles and cells that lack a functional BRCA1 or
BRCA2 display deficiency in the repair of DNA double-strand breaks [11]. The rate of BRCA1 mutation
is approximately 2% in all women with breast cancer
[12], but its frequency can be as high as 10% in TNBC
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patients [13]. In addition, TNBC is the major tumor
type in BRCA1 mutation carriers [14,15]. Patients with
TNBC show many similarities to BRCA1-associated
breast cancer patients: both BRCA-related breast cancer and TNBC have aggressive clinical courses, they
share pathological and clinical features and they both
have a high histological grade, are hormone-receptor
and HER-2 negative, they exhibit a high level of Ki-67
staining, they express the epithelial growth factor receptor (EGFR) and CK5/6, and they harbor a p53 mutation [16,17].
TNBC is not suitable for treatment with hormone
therapy or the anti-HER-2 monoclonal antibody trastuzumab because of its biological expression profile.
Therefore, the treatment options are currently limited
to cytotoxic chemotherapy [5,7,18,19]. Chemotherapy remains the mainstay of TNBC treatment. Previous studies associated with neoadjuvant chemotherapy
showed that TNBC was more sensitive to chemotherapy
than hormone-receptor positive subtypes, as indicated
by higher pathological complete response (pCR) rates
[20,21]. Despite this chemosensitivity, TNBC is associated with shorter 5-year survival than non-TNBC phenotypes [7]. Therefore, molecular therapeutic targets
are promptly required to improve the survival of these
patients. In this article, we review the currently available and promising therapeutic options that are still under development for patients with TNBC.

Current treatment strategies for TNBC
Chemotherapy is currently the standard option for
the systemic treatment of TNBC due to lack of molecular targets, such as the absence of ER, PR, and HER-2
[5,18,19]. Many chemotherapeutic agents have been
used, including anthracyclines, taxanes, ixabepilone,
and platinum agents. Several studies indicated that different chemotherapeutic agents were found to be useful against TNBC in the adjuvant setting [22,23]. Moreover, neoadjuvant chemotherapy trials have shown that
TNBC has a better response rate and a more frequent
rate of pCR [20,24]. However, this does not improve
the survival of patients. Selected clinical trials with respect to chemotherapeutic agents in TNBC are summarized in Table 1.

Chemotherapy
Platinum agents
The beneficial effects of cisplatin or carboplatin

in the treatment of TNBC are currently being assessed
in clinical trials that are partly based on their ability to
bind directly to DNA. TNBC shares similar features
with BRCA1-associated breast cancer; a dysfunction
in BRCA1 and its pathway is associated with a specific DNA-repair defect that sensitizes cells to platinum
drugs in animal models [25,26].
In a small retrospective study performed by Bryski et al. [27], neoadjuvant cisplatin treatment showed a
higher rate of pCR (83%) than the other regimens, including non-platinum drugs. In a study by Silver et al.
[28], neoadjuvant single-agent cisplatin resulted in a
22% pCR in 28 patients with TNBC. Cisplatin has also
been used with other cytotoxic agents as combination
chemotherapy in the neoadjuvant setting. In their study
[29] Torrisi et al. showed 86% overall response and
40% pCR rates obtained with 4 cycles of neoadjuvant
epirubicin, cisplatin, and 5-fluorouracil chemotherapy,
followed by 3 cycles of weekly paclitaxel. Frasci et al.
evaluated neoadjuvant dose-dense cisplatin, epirubicin and paclitaxel with G-CSF support in 74 patients
with operable, large TNBC. The pCR rate was remarkably high (62%), while the 3-year disease-free survival
(DFS) rate exceeded 80% [30]. In addition, this regimen increased the rate of breast-conserving surgery.
These are encouraging results that merit further validation and testing. The role of platinum agents in the neoadjuvant setting for TNBC patients is currently being
tested by 2 randomized studies (CALGB 40603 and the
Spanish Breast Cancer Research Group study). In both
of these trials, patients will be randomized to receive
carboplatin as a part of neoadjuvant chemotherapy;
in the Spanish study they will be treated with 4 courses of epirubicin and cyclophosphamide and thereafter
will be randomized to receive docetaxel or carboplatin
(NCT00432172).
Cisplatin has been found to be effective in patients
with metastatic disease. In one study, platinum-containing chemotherapy as first- or second-line treatment was
investigated in 106 metastatic breast cancer patients.
The rate of TNBC was 36 (34%) and platinum-based
chemotherapy resulted in a 39% overall response rate
(ORR) and a 67% disease control (DC) rate. Although
the ORR and DC rates were similar to those obtained for
other phenotypes, the overall survival (OS) was shorter
[31]. In another study, Sirohi et al. retrospectively analyzed 94 (17 with TNBC), 79 (11 with TNBC) and 155
(34 with TNBC) patients who were treated with platinum-containing chemotherapy in neoadjuvant, adjuvant and metastatic settings, respectively [32]. The
treatment regimens included epirubicin; cisplatin/carboplatin and 5-fluorouracil; or mitomycin-C, vinblastine, and cisplatin/carboplatin. The authors reported
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Table 1. Selected clinical trials of chemotherapeutic agents in patients with triple-negative breast cancer
Setting

Regimen

Study population

Platinum agents
Bryski et al. [27]

Neoadjuvant

Cisplatin

Silver et al. [28]

Neoadjuvant

Cisplatin

Torrisi et al. [29]

Neoadjuvant

Frasci et al. [30]

Neoadjuvant

ECFx4→Px3 /
neoadjuvant+adj.
CM P.O.
Weekly cisplatin/E/
P+G-CSFx8 weeks

BRCA-1 positive
breast cancer
Stage II and III
TNBC
T2-3, N0-3; TNBC

Yi et al. [31]

Metastatic

Platinum-based
chemotherapy

Sirohi et al. [32]

Neoadjuvant, Platinum-containing
adjuvant and
chemotherapy
metastatic

Uhm et al. [33]

Metastatic/ Platinum+paclitaxel
first- or secondline
Metastatic
Platinum

Isakoff et al. [34]
Alkylating agents
and taxanes
Liedtke et al. [20]

Neoadjuvant

FAC/FEC/
AC±taxane

Carey et al. [21]

Neoadjuvant

AC

Torrisi et al. [29]

Neoadjuvant

Hugh et al. [36]

Adjuvant

ECF x4→Px3/
neoadjuvant+adj.
po CM
TAC vs FAC

Rouzier et al. [24]
Sanchez-Munoz et
al. [39]
Bidard et al. [43]

Large operable
TNBC
Metastatic
breast cancer
(TNBC n: 36)
Early and
metastatic
breast cancer

Results/Comments
pCR rate was higher (83%) than other regimens,
including non-platinum drugs.
pCR rate 22%.
ORR 86%, pCR rate 40%, 2-year DFS rate 87.5%.
The pCR rate was remarkably high (62%), while the
3-year DFS rate was 80%. Increased rate of BCS
(67.5%)
ORR 39% and disease control rate 67%. OS was
shorter in TNBC than non-TNBC.

Metastatic
breast cancer

CR for TNBC was increased in neoadjuvant setting
(88 vs 51%), but 5-year OS rate for TNBC in 3
settings was worse than non-TNBC (64%, 44% and
79%). Five-year DFS was shorter in TNBC patients
compared with non-TNBC
(57 vs 72%).
ORR rate 39% for TNBC. OS in TNBC was shorter
than non-TNBC (21 vs 56 months).

TNBC

ORR rate 30.2% and median PFS interval 89 days.

Locally advanced pCR rate was significantly higher for TNBC than
breast cancer
non-TNBC (22 vs 11%). 3-year OS and PFS rates
74 vs 89% and 63 vs 76%, respectively in TNBC vs
non-TNBC.
Locally advanced pCR was 27 vs 36 vs 7% in basal-like vs Her(+)/
breast cancer
ER(-) vs luminal breast cancer, respectively.
T2-3, N0-3; TNBC ORR 86%, pCR rate 40%, 2-year DFS rate 87.5%.

Early breast cancer There was marginal significance in TNBC cohort,
with 3-year DFS 73.5 vs 60% for TAC and FAC,
respectively.
Neoadjuvant Weekly paclitaxel x12 Locally advanced pCR rate 45 vs 45 vs 6% in basal-like vs Her-2(+) vs
weeks→FACx4
breast cancer
luminal breast cancer.
Neoadjuvant Arm A: Ecx3→GP±T Locally advanced pCR rate in TNBC was higher than Her-2(+)/HR(-)
Arm B: APG±T
breast cancer
and Her-2(-)/HR(+) cohorts (58.3%, 32% and 5.4%,
respectively), but DFS rates were similar.
Neoadjuvant
FEC/FAC
Breast cancer treat- pCR rate 17 vs 4% in TNBC vs non-TNBC. p53
ed with neoadjuvant immunostaining was associated with a trend for a
chemotherapy
higher rate of pCR in TNBC.

Anti-tubulin agents
Thomas et al. [47]

Metastatic

Roche et al. [48]

Metastatic

Arm A:
Ixabepilone+cap
Arm B: cap

Breast cancer
failed to respond to
anthracyclines
+ taxanes
Ixabepilone+cap vs Breast cancer precap
treated
anthracyclines +
or taxanes

Arm A showed higher RR (27 vs 9%) and longer
TTP (4.1 vs 2.1 months) in TNBC subgroup.
ORR 31 vs 15%, PFS rate 4.2 vs 1.7 months in
ixabepilone+cap vs cap monotherapy for TNBC
cohort.

A: adriamycin, BCS: breast-conserving surgery, C: cyclophosphamide, Cap: capecitabine, T: docetaxel, DFS: disease-free survival, E: epirubicin,
ECF: epirubicin, cisplatin, and 5-fluorouracil, ER: estrogen receptor, F: 5-fluorouracil, G: gemcitabine, G-CSF: granulocyte-colony-stimulating factor,
HR: hormone receptor, M: methotrexate, ORR: overall response rate, OS: overall survival, P: paclitaxel, pCR: pathological complete response, PFS:
progression-free survival, RR: response rate, TTP: time to progression, TNBC: triple-negative breast cancer
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that the complete response (CR) rate for TNBC was increased with platinum-based chemotherapy compared
to others in the neoadjuvant setting (88 vs. 51%), but
they reported a worse 5-year OS rate following neoadjuvant and adjuvant chemotherapy for TNBC patients
than patients with non-TNBC (64, 44, and 79%, respectively) in early breast cancer. Moreover, the 5-year DFS
rate for TNBC was shorter than that of patients with
non-TNBC (57 vs. 72%). In a phase II study carried
out by Uhm et al., the ORR rate was found to be 37.5%
with a platinum and paclitaxel combination as first- or
second-line treatment in 36 metastatic TNBC patients
[33]. Despite these trials demonstrating the activity of
platinum-based chemotherapy in the metastatic setting,
their major limitation was the small sample size.
There are a number of studies for early, locallyadvanced or metastatic TNBC patients currently under investigation or planned for platinum compounds
combined with taxanes, gemcitabine and/or bevacizumab, sunitinib, and new agents (NCT00532727,
NCT00887575, NCT01150513, NCT01238133,
NCT00691379, NCT01207102). In addition, the results
of the phase II Translational Breast Cancer Research
Consortium 009 trial presented at the 2011 ASCO annual meeting showed that the ORR was 30.2% and the median progression free survival (PFS) time was 89 days
with single-agent platinum in metastatic TNBC [34].
However, the expression of p63/p73 as a biomarker of
platinum sensitivity is ongoing. In addition, a phase III
study is currently evaluating carboplatin or docetaxel
with a crossover upon progression in 400 TNBC patients (NCT00532727). The current trials will help
clarify the role of platinum agents and the relationship
between platinum sensitivity and BRCA1 mutations.
Alkylating agents and taxanes
In patients with TNBC, other cytotoxic regimens
have also been found to be active, showing that TNBC
is a chemosensitive tumor. Despite its chemosensitivity, TNBC is still related to a poor prognosis. In a prospective study from the M.D. Anderson Cancer Center,
neoadjuvant anthracycline-based combinations with or
without taxanes yielded a pCR rate of 22% in 57 out of
255 patients with TNBC, which was significantly higher
than the 11% rate seen among patients with non-TNBC
phenotypes [35]. However, the 3-year OS was significantly shorter compared with patients without TNBC.
High clinical response rates with anthracycline-based
regimens were also obtained in other studies [21,27].
In the National Surgical Adjuvant Breast and Bowel
Project (NSABP) trial, the doxorubicin-cyclophosphamide-taxane combination in the preoperative setting was

found to be effective with high in-breast response rates
for the TNBC group [21]. In another larger, retrospective
taxane-5-fluorouracil-doxorubicin series, the outcomes
of patients with TNBC were compared to those of nonTNBC patients [29]. This study showed that although
patients with TNBC had a higher pCR rate than non-TNBC patients (22 vs. 11%), they had significantly shorter
3-year PFS and OS rates (63 vs. 76% and 74 vs. 89%,
respectively). In a meta-analysis performed by Di Leo
et al., as well as in smaller phase II and III studies with
anthracyclines, different results were reported by individual agents and regimens for patients with TNBC [35].
The effect of adjuvant anthracyclines plus taxane
in TNBC was investigated in other studies. The Breast
Cancer International Research Group (BCIRG) 001 trial compared docetaxel-doxorubicin-cyclophosphamide
(TAC) vs. 5-fluorouracil-doxorubicin-cyclophosphamide (FAC) [36]. This study showed that the addition of
taxane (TAC) resulted in an advantageous high response
rate in the triple-negative cohort. In addition, anthracycline and taxane combinations were found to be useful,
with high pCR rates in the neoadjuvant setting for patients with breast cancer [37, 38], but there is no head-tohead comparison study of neoadjuvant chemotherapy
with and without taxanes in patients with TNBC. However, some retrospective series reported that the addition
of taxanes to anthracyclines yielded high pCR rates in
TNBC patients [20, 24, 39]. In their study Rouzier et al.
indicated that weekly paclitaxel for 12 weeks followed
by FAC for 4 cycles increased the pCR rate to 45%. In
this study, patients with basal-like and HER-2-positive
breast cancer had the highest pCR rates compared to
those with luminal and normal-like breast cancer [24].
Sanchez-Munoz et al. found that anthracycline-plus-taxane-containing chemotherapy was associated with superior response rates for patients with TNBC than for those
with HER-2 and hormone receptor (HR)-positive disease in the neoadjuvant setting (pCR rates of 58.3, 32 and
5.4%, respectively). On the other hand, no difference was
detected with respect to DFS between these groups [39].
The predictive values of some markers for chemotherapy response are being investigated in TNBC. The
topoisomerase-2α (TOPO2A) gene has been found to
be molecular target for anthracycline therapy and it is
located next to the HER-2 gene on chromosome 17q12q21. It was found that TOPO2A gene amplification was
related to anthracycline sensitivity in breast cancer, but
the rate of TOPO2A gene amplification was only detected in 1-10% of patients with TNBC [40,41]. The poor
prognosis of TNBC might be related to these low rates
of TOPO2A amplification despite anthracycline chemotherapy. Tumor protein 53 (TP53) is a tumor suppressor gene that might contribute to cancer progression be-
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cause it is responsible for the cellular response to DNA
damage [42]. In their study Bidard et al., who investigated the presence of p53 by immunohistochemistry
(IHC) staining in 296 breast cancer patients, showed
that p53 was found in 59% of TNBC patients and that it
was associated with poor tumor differentiation. Moreover, the authors found that p53-positive tumors responded better to alkylating neoadjuvant chemotherapy
than TNBC patients with p53-negative tumors (20 vs.
10%). In addition, the positivity of p53 was correlated
with a trend toward a higher rate of pCR in TNBC compared to non-TNBC patients [43].
Anti-tubulin agents
Epothilones bind β-tubulin, stabilize microtubules, and result in cell cycle arrest in the G2/M phase
and apoptosis, similar to taxanes. Ixabepilone is a new
agent that bypasses the resistance mechanism associated with drug efflux pumps and specific paclitaxel resistance related to β-tubulin [44]. It has recently been approved for the treatment of taxane-refractory metastatic
breast cancer, and in combination with capecitabine for
patients with advanced breast cancer refractory to anthracyclines and taxanes. Ixabepilone has been evaluated in subsets of patients with metastatic TNBC in phase
II and phase III trials [45,46]. A study on the use of ixabepilone plus capecitabine vs. capecitabine monotherapy in patients who failed to respond to anthracyclines
plus taxanes showed a higher response rate (27 vs. 9%)
and a longer time to progression (4.1 vs. 2.1 months) for
the combination in the triple-negative subgroup [47].
Furthermore, the pooled results of the 046 study (taxane
resistant) and the 048 study (population pretreated with
anthracyclines and taxanes) were presented at the 2008
San Antonio Breast Cancer Symposium [48]. The ixabepilone plus capecitabine combination indicated that
benefits were found in terms of ORR (31 vs. 15%) and
PFS (4.2 vs. 1.7 months), but not for OS (10.3 vs. 9.0
months), in patients with advanced TNBC. The ongoing phase III adjuvant study PACS-08, which stratifies
TNBCs, includes the use of combination chemotherapy
followed by docetaxel or ixabepilone (NCT00630032).

Targeted therapies
TNBC does not express ER, PR, or HER-2 gene
products; therefore, it does not respond to endocrine
therapy or other available targeted agents. However,
numerous targeted agents are under development for
patients with TNBC. Table 2 summarizes selected clinical studies of targeted therapies in patients with TNBC.

Bevacizumab
Bevacizumab, a monoclonal antibody directed
against the vascular endothelial growth factor (VEGF),
was approved by the US Food and Drug Administration as a first-line treatment in metastatic breast cancer in combination with paclitaxel, as it prolonged the
PFS (8.8 vs. 4.6 months) and increased response rates
compared to paclitaxel monotherapy (36.9 vs. 21.2%)
in the phase III E2100 study, but the OS was similar
in both groups. This PFS benefit with the addition of
bevacizumab to paclitaxel was maintained in the triple-negative subgroup [49]. Two additional phase III
trials indicated an increased ORR with the addition of
bevacizumab in metastatic cancer: the phase III study
AVADO combined bevacizumab with docetaxel [50],
and the RIBBON-1 study used bevacizumab in combination with different drugs (capecitabine, nabpaclitaxel, docetaxel, or anthracyclines) [51]. The subgroup
analysis of these 3 phase III studies was presented at the
2009 San Antonio Breast Cancer Symposium [52]. This
analysis showed that the addition of bevacizumab to
chemotherapy improved the PFS regardless of the chemotherapy backbone used in metastatic TNBC patients.
On the other hand, in a study performed by Balduzzi et
al., a 33% pCR rate and 54% PR was reported in patients with locally advanced breast cancer with neoadjuvant epirubicin and cisplatin plus infusional fluorouracil
for 4 cycles following 3 courses of weekly paclitaxel in
combination with bevacizumab [53].
Based on these results, novel protocols are ongoing that include bevacizumab in combination with different adjuvant chemotherapy regimens in only TNBC
(NCT00528567 BEATRICE) or HER-2-negative tumors (CALGB 40603 NCT00861705). The BEATRICE
trial is a phase III adjuvant trial that recently completed
patient recruitment; its results are being awaited.
EGFR inhibitors
The expression of EGFR is more frequent in TNBC than in other subtypes and it may be a viable target in TNBC treatment [4]. Cetuximab is a chimeric
monoclonal antibody that inhibits EGFR. It was evaluated both alone and in combination with carboplatin in
a randomized phase II trial. The TBCRC 001 trial was
a phase II trial involving 102 patients with metastatic
basal-like TNBC who had received prior chemotherapy.
Although cetuximab monotherapy showed low activity (6% response rate, 4% stable disease for >6 months
and 10% clinical benefit), cetuximab plus carboplatin
showed higher rates of partial response (18%) and clinical benefit (27%). However, most patients progressed
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Table 2. Targeted therapies in triple-negative breast cancer
Phase/Setting

Treatment

Study population

Results/Comments

Miller et al. [49]

III /Metastatic

Weekly paclitaxel,
d 1,8,15 vs
bevacizumab
10 mg/kg, d 1
and 15+paclitaxel, q3
weeks

Previously
untreated
metastatic
breast cancer

The addition of bevacizumab increased PFS (8.8 vs
4.6 months), but not OS, as compared with paclitaxel monotherapy in TNBC cohort.

Miles et al. [50]

III / Recurrent Docetaxel+placebo vs Locally recurrent
or metastatic- Docetaxel + bevaciand metastatic
first-line
zumab 7.5 or 15 mg/
breast cancer
kg, q3 weeks

Robert et al. [51]

III / Recurrent
or metastaticfirst-line

Balduzzi et al. [53]

III/ Neoadjuvant

ECFx4→weekly
paclitaxel + bevacizumab x3

Carey et al. [54]

II / Metastatic

Cetuximab ± carboplatin

O’Shaughnessy et
al. [55]

II / Metastatic Weekly irinotecan +
carboplatin ± cetuximab

Metastatic breast A higher RR was obtained with the addition of
cancer
cetuximab to chemotherapy (49 vs 30%) in TNBC
subgroup.

Baselga et al. [56]

II /Metastatic

Metastatic TNBC ORR was 20 vs 10.3% in cetuximab+cisplatin vs
cisplatin alone. PFS was shorter in cisplatin alone
compared with cetuximab combination (1.5 vs 3.7)
months.

Anti-VEGF agents
Bevacizumab

PFS was significantly better for bevacizumab 15
mg/kg plus docetaxel than docetaxel plus placebo
(8.1 vs 6.0 months). It had similar benefit in both
HR(+) and HR (-) subgroups.

Capecitabine 2000 Locally recurrent Median PFS was 6.1 vs 4.2 in capecitabine group
and metastatic
and 14.5 vs 8.2 in taxane/anthracycline group with
mg/m2 for 4 days,
nab-paclitaxel 260
breast cancer
the addition of bevacizumab.
mg/m2, docetaxel
75-100 mg/m2,
or doxorubicin or
epirubicin q3 weeks±
bevacizumab 15 mg/
kg or placebo q3w
Locally advanced pCR 33% and PR 54%.
breast cancer

EGFR inhibitors
Cetuximab

Cisplatin ±
cetuximab

Metastatic TNBC PR 18% and clinical benefit 27% in cetuximab+ carwho had received boplatin group, but most patients progressed rapidly.
prior chemotherapy

Panitumumab
Nabholtz et al. (60)

II / Neoadjuvant

Panitumumab +
Locally advanced pCR was 17% and overall CRR 80%. Conservative
FEC100→docetaxel
breast cancer
surgery was performed in 87% of the patients.

Tyrosine kinase
inhibitors
Sunitinib
Burstein et al. [64]

II / Metastatic Sunitinib 50 mg/day Metastatic breast ORR was 11% with sunitinib and was slightly
in 6-week cycles (4 cancer previously higher in the TNBC subgroup.
weeks on, 2 weeks treated with anthraoff)
cycline and taxane

Barrios et al. [65]

III /Metastatic

Sunitinib vs
capecitabine

Previously treated
Her-2 negative
breast cancer
(>30% of patients
were TNBC)

Median DFS was better for capecitabine compared
with sunitinib monotherapy (4.2 vs 2.8 months). OS
was not different. In conclusion, sunitinib cannot
be recommended as monotherapy for patients with
metastatic disease.
Continued on next page
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Continued from previous page
Phase/Setting

Treatment

Study population

Results/Comments

Sorafenib
Baselga et al. [67]

IIb / Metastaticfirst or second
lines

Sorafenib 400
Metastatic breast Median PFS was significantly better in
mg twice daily +
cancer (30% pa- sorafenib+capecitabine group.
capecitabine vs
tients were TNBC)
sorafenib + placebo

Gradishar et al. [68] IIb / Metastatic- Sorafenib 400 mg
first-line
twice daily + paclitaxel (90 mg/m2,
weekly, 3 weeks on, 1
week off) or placebo +
paclitaxel

Locally recurrent Significant improvement was obtained in TTP and
or metastatic breast ORR with sorafenib+paclitaxel combination.
cancer (40% of patients had TNBC)

Erlotinib
Dickler et al. [58]

II / Locally
advanced/
Metastatic

Erlotinib 150 mg
orally daily

Locally advanced One patient in each cohort had a PR. Erlotinib had
or metastatic breast minimal activity in unselected previously treated
cancer
women with advanced breast cancer.

PARP inhibitors
Iniparib
O’Shaughnessy et
al. [76]

II / Metastatic Gemcitabine + Carbo- Metastatic TNBC CBR was 56% in iniparib arm vs 34% in chemoplatin ± iniparib
therapy arm. PFS and OS rates were significantly
better for iniparib arm than chemotherapy (5.9 vs
3.6 months and 12.3 vs 7.7 months, respectively).

O’Shaughnessy et
al. [77]

III / Metastatic Gemcitabine + Carbo- Metastatic TNBC In the preliminary analysis, the addition of iniparib
platin ± Iniparib
to chemotherapy did not meet the pre-specified
criteria for significance for co-primary endpoints of
OS and PFS.

Olaparib
Tutt et al. [78]

II / Metastatic

Dent et al. [80]

I / Metastatic

Cohort A: Olaparib Stage IIIB/IIIC or
400 mg twice daily; IV breast cancer
Cohort B: Olaparib patients who carried
100 mg twice daily a BRCA mutation;
≥1 prior chemotherapy

ORR was 41% in cohort A and 22% in cohort B.
54% of TNBC patients in cohort A achieved ORR
vs 25% in cohort B. PFS was 5.7 vs 3.8 months in
cohorts, respectively.

Olaparib 200 mg
Metastatic TNBC There was a high incidence of neutropenia, leading
twice daily + paclito reduced paclitaxel dose intensity despite prophytaxel weekly for 3 of 4
laxis with growth factor support.

Veliparib
Isakoff et al. [81]

II / Metastatic Veliparib 40 mg twice Metastatic breast
cancer
daily, days 1-7, temozolomide 150 mg/
m2, days 1-5, cycle
28 days

This combination was limited to patients with
a BRCA1 mutation (one partial response) and a
BRCA2 mutation (one complete and one partial
response). Stable disease was seen in 4 patients (>4
months), 2 of whom were BRCA2 deficient.

mTOR inhibitors
Everolimus
Ellard et al. [84]

II / Metastatic

Gonzalez-Angulo et II / Neoadjual. [85]
vant

Everolimus 10 mg
Metastatic breast ORR was better in daily group than weekly group
daily vs 70 mg weekly
cancer
(12 vs 0%). Everolimus had activity in metastatic
breast cancer dependent on schedule.
FEC→paclitaxel vs
FEC→paclitaxel +
RAD001 (everolimus)

TNBC

The addition of RAD001 to paclitaxel plus FEC in
the neoadjuvant setting was associated with a higher
12-week response rate than combination chemotherapy (47.8 vs. 29.6%).

C: cyclophosphamide, CBR: clinical benefit rate, DFS: disease-free survival, E: epirubicin, F: 5-fluorouracil, ORR: overall response rate, OS:
overall survival, PR: partial response, pCR: pathological complete response, PFS: progression-free survival, TTP: time to progression, TNBC:
triple-negative breast cancer
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rapidly with a median PFS of 2 months [54]. The combination regimen was well tolerated, with grade 3 toxicity consisting of rash, fatigue, nausea, and vomiting,
which occurred in 6% of the patients. Another phase II
study randomly evaluated the effect of carboplatin and
weekly irinotecan with or without cetuximab in 165
metastatic breast cancer patients. In the TNBC subgroup (n=72), a higher response rate was achieved with
the addition of cetuximab to the treatment regimen (49
vs. 30%) [55]. In these studies, the expression of EGFR
was not evaluated. Very recently, another phase II randomized BALI-1 trial was presented at the 2011 San
Antonio Breast Cancer Symposium [56]. This study
showed that adding cetuximab to cisplatin increased
the ORR compared to cisplatin alone (20 vs. 10.3%)
and improved the PFS in patients with metastatic TNBC
(3.7 vs. 1.5 months). Several trials are currently evaluating the efficacy of adding cetuximab to the chemotherapy regimen in both neoadjuvant and metastatic settings.
Erlotinib is an orally active EGFR tyrosine kinase inhibitor (TKI). Erlotinib in combination with
capecitabine/docetaxel chemotherapy has shown activity in metastatic breast cancer [57]. In a phase II study
carried out by Dickler et al., a partial response was
achieved in 2 out of 69 patients, one of which had triplenegative histology [58]. However, the efficacy of erlotinib remains unclear in the TNBC subgroup.
Another EGFR TKI, gefitinib, showed greater
activity in combination with carboplatin and docetaxel
than the chemotherapy agents alone [59], but further
trials are needed to determine the benefit of gefitinib in
the subgroup of TNBC patients. Panitumumab is an antibody that targets EGFR and is being evaluated in patients with TNBC. The results of the preliminary analysis of a neoadjuvant pilot phase II trial were presented
at the 2011 ASCO annual meeting. Fifty-eight patients
with operable TNBC were prospectively included and
this study showed that panitumumab in combination
with 5-fluorouracil, epidoxorubicin, and cyclophosphamide (FEC 100) followed by docetaxel resulted in pCR
in 17 patients with an overall clinical RR of 80% (47%
CR). Conservative surgery was performed in 87% of the
patients. This systemic treatment was well tolerated and
the main side-effect was skin toxicity [60].
Tyrosine kinase inhibitors
Sunitinib is an oral TKI that inhibits VEGF 1, 2
and 3, platelet-derived growth factor receptor (PDGFR) alpha and beta, c-KIT and colony-stimulating factor 1 [61-63]. In several preclinical studies with breast
cancer models, sunitinib showed antitumor activity.
In a recent, multicenter, phase II study, Burstein et al.

analyzed 64 metastatic breast cancer patients (20 with
triple negative tumors) who were previously treated
with anthracyclines and taxanes. The authors reported
an ORR of 11% with sunitinib. The response rate was
slightly higher in the TNBC subgroup (15%; 3 out of 20
patients) [64]. The most common grade 3 non-hematological adverse events included fatigue and hand-foot
syndrome. A phase III randomized study (SUN 1107)
that evaluated sunitinib vs. capecitabine in patients with
previously treated HER-2-negative advanced breast
cancer was presented at the 2009 San Antonio Breast
Cancer Symposium [65]. More than 30% of the patients
had TNBC and less than 2 prior regimens for metastatic
disease. The primary end point (DFS) was not reached;
indeed, the median DFS was better with capecitabine
therapy (4.2 vs. 2.8 months). No significant difference
was detected with respect to OS. After these results,
the Independent Data Monitoring Committee recommended that trial enrollment be stopped due to futility
and concluded that sunitinib cannot be recommended as
monotherapy at this dosing schedule for the treatment
of advanced metastatic breast cancer. Sunitinib is being
evaluated in a phase II study on previously treated patients with metastatic TNBC (NCT00246571). This trial
recently completed accrual and the results are eagerly
awaited [66]. Another neoadjuvant trial of sunitinib in
combination with paclitaxel and carboplatin in locally
advanced TNBC is ongoing (NCT00887575).
Sorafenib is another multitargeted TKI with antiangiogenic and antiproliferative activity. It is currently
being used for the treatment of patients with advanced
renal cell carcinoma and unresectable hepatocellular carcinoma. Sorafenib has shown modest activity as a single
agent in advanced breast cancer patients and is currently
being evaluated in 2 phase IIB trials. The SOLTI-0701
study evaluated the combination of sorafenib (400 mg
twice daily) with capecitabine or a placebo in patients
with metastatic breast cancer as first- or second-line
treatment. Thirty percent of the patients had TNBC. The
median PFS was significantly better for patients treated
with the combination of sorafenib-capecitabine than for
the patients who received sorafenib-placebo (hazard ratio [HR], 0.57, p=0.0006). Grade 3 hand-foot syndrome
was high in the sorafenib-capecitabine arm (45 vs. 13%)
[67]. A second study, a phase IIb study, was also presented at the 2009 San Antonio Breast Cancer Symposium. This trial investigated the efficacy of sorafenib in
combination with paclitaxel or a placebo as first-line
therapy in patients with locally recurrent or metastatic
breast cancer. Forty of the patients had TNBC. The results of the primary endpoint, PFS, demonstrated a trend
favoring sorafenib over paclitaxel-placebo (HR 0.788,
p=0.0857). Moreover, significant improvements in time
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to progression and the ORR were observed. The rate of
grade 3/4 hand-foot reactions was 30 vs. 3% in the placebo group. From these data, the authors concluded that
sorafenib provides added benefits when combined with
paclitaxel compared to single-agent paclitaxel in the
first-line treatment of advanced breast cancer [68].
The src tyrosine kinase (Rous sarcoma virus) is
overexpressed in breast cancer and it may be another potential target for the treatment of TNBC. It was
found to be related to metastatic disease progression
[69]. Dasatinib is an orally active, small-molecule TKI
that acts on src and brc protein kinases, in addition to inhibiting c-kit. Preclinical trials showed that the growth
of basal-like breast cancer cell lines was highly sensitive to inhibition by dasatinib [70,71]. A phase II study
(BMS-354825 NCT00371254) with dasatinib in patients with advanced TNBC has been recently completed patient recruitment and the results are awaited [72].
Poly-(ADP-ribose)-polymerase inhibitors
Poly-(ADP-ribose)-polymerase (PARP) is a nuclear protein that is recruited to the site of stranded DNA
breaks. PARP, especially PARP 1, plays a greater role,
together with other mechanisms that include BRCA1
and BRCA2 proteins, in DNA repair when the preferred
homologous recombination mechanism for repairing
double-stranded breaks is lost because of a BRCA1 dysfunction. This enzyme rescues tumor cells from DNA
damage and it may be a good therapeutic target in tumors with a BRCA mutation. In preclinical studies, cancer cells with mutated BRCA1 were found to be hypersensitive to PARP inhibition [73,74]. Molecular defects
that bring about BRCA1-related breast cancers also
emerge in TNBC. Therefore, PARP inhibitors, either as
monotherapy or in combination with chemotherapeutic agents that result in DNA breaks, such as alkylating
agents and topoisomerase I inhibitors, could possibly be
used in patients with TNBC [75].
Currently, several PARP inhibitors, including iniparib (previously known as BSI-201), olaparib (previously known as AZD2281), and veliparib (previously
known as ABT-888) are being evaluated. Iniparib was
evaluated in combination with gemcitabine and carboplatin in patients with TNBC. The final results of this
phase II trial revealed that the addition of iniparib to
gemcitabine and carboplatin significantly improved
the clinical benefit rate (56 vs. 34%, p=0.01), PFS (5.9
vs. 3.6 months, p=0.01) and the median OS (12.3 vs.
7.7 months, p=0.01) compared to chemotherapy alone.
Iniparib was well tolerated and did not significantly increase toxicity [76]. A confirmatory phase III study using the same regimen was recently presented at the 2011

ASCO annual meeting. In the preliminary analysis, although this study showed a compatible safety profile
with that of the phase II trial, the addition of iniparib to
gemcitabine and carboplatin did not meet the pre-specified criteria for significance for co-primary endpoints
of OS and PFS in patients with metastatic TNBC [77].
Analyses for further clarification of these results are ongoing. Iniparib is also being investigated in 2 neoadjuvant trials (NCT00813956 and the SOLTI NEOPARP
study, and NCT01204125, respectively).
Another oral PARP inhibitor is olaparib, which
was evaluated in a phase I study. Fong et al. recently analyzed 60 patients with breast cancer, of whom 22 were
BRCA1 or BRCA2 mutation carriers, and 1 patient had
a strong family history of BRCA-associated cancer. Of
the 9 breast cancer patients, 2 BRCA2 mutation carriers
achieved a clinical response (one with CR and the other
stable disease for 7 months). Patients without the mutation did not show response [73]. Following this, olaparib was evaluated in a phase II trial involving 54 patients
with chemotherapy-refractory advanced breast cancer
who carried a BRCA1 or BRCA2 mutation. The first cohort (n=27) (13 out of 27 had TNBC) was given continuous oral olaparib at the maximum tolerated dose (400
mg twice daily), and the second (n=27) (16 out of 27 had
TNBC) was given a lower dose (100 mg twice daily). An
ORR was obtained in 11 (41%) out of 27 patients in the
cohort receiving 400 mg twice daily, while 6 (22%) out
of 27 patients had an objective response in the 100 mg
twice daily cohort. Overall response of the patients with
TNBC was 7 (54%) out of 13 in the 400 mg cohort and
4 (25%) out of 16 in the 100 mg cohort. None of the patients who had TNBC achieved pCR. The median PFS
was 5.7 months for patients treated with 400 mg and 3.8
months for patients in the 100 mg cohort. This agent was
fairly well tolerated, with fatigue and nausea being the
most common adverse events in both treatment cohorts
[78]. In another smaller phase II study, 400 mg olaparib
monotherapy showed an ORR of 0% in 15 patients with
TNBC [79]. Recently, Dent et al. presented their results
of a phase I study of olaparib in combination with weekly paclitaxel at the 2010 ASCO annual meeting [80].
Although responses were observed with this combination, there was a high incidence of neutropenia, leading
to reduced paclitaxel dose intensity despite prophylaxis
with G-CSF support. Several clinical trials using olaparib alone or in combination with various chemotherapeutic agents are also under way to evaluate them in TNBC
with BRCA-deficient cancers.
Veliparib is another oral PARP1 inhibitor that is
being investigated in combination with temozolomide.
The results of a phase II trial were recently reported
and the activity of this combination was limited to pa-
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tients who had BRCA1 mutation (one partial response)
and a BRCA2-mutation (one complete and one partial
response). Stable disease was seen in 4 patients (>4
months), 2 of whom were BRCA2-deficient. The median PFS was 1.9 months in all patients and 5.5 months
in those with BRCA mutations [81].
The novel intravenous PARP inhibitor, PF01367338, in combination with cisplatin for TNBC
patients with residual invasive disease after standard
preoperative anthracycline and/or taxane-containing
chemotherapy is being evaluated in a phase II study
(NCT01074970).

BC. They found that the androgen-enhanced growth of
this breast cancer cell line was ER independent and AR
dependent [87]. These authors subsequently identified
MDA-MB-453 as a cell line that had a molecular phenotype similar to a previously defined subtype of TNBC.
Previous studies reported that 10-35% of TNBC express
AR [88,89]. Thus, patients with TNBC may benefit from
inhibition of the AR. Bicalutamide, a non-steroidal competitive androgen inhibitor, is used in the treatment of
advanced prostate cancer, but it is currently being tested
in the treatment of AR-positive TNBC by a multicenter
phase II trial (NCT00468715, TBCRC 011study).

Mammalian target of rapamycin inhibitors

Heat shock protein 90 inhibitors

The mammalian target of rapamycin (mTOR) is
a cell-cycle regulator protein that is downstream of the
PI3K/AKT pathway and, when activated, promotes
protein synthesis, cell-cycle progression, proliferation,
and angiogenesis [82]. Activation of the PI3K pathway
frequently occurs in TNBC and confers susceptibility
to mTOR inhibitors. Moreover, loss of the PTEN tumor suppressor gene is common in TNBC, which gives
rise to increased mTOR activation [83]. Everolimus, an
oral mTOR inhibitor was evaluated in phase II trials as
a first- or second-line treatment in 59 metastatic breast
cancer patients, of whom 20 were HER-2 negative. A 10
mg daily regimen of single-agent everolimus showed a
12% ORR in heavily pretreated patients with metastatic
breast cancer, but the ORR was 0% for the weekly regimen [84]. Very recently, a phase II randomized clinical
trial of standard neoadjuvant chemotherapy with paclitaxel followed by FEC vs. the combination of paclitaxel
and RAD001 followed by FEC in patients with TNBC
was presented at the 2011 ASCO annual meeting [85].
The clinical endpoints were the 12-week response rate,
the pCR, and toxicity. Results of the preliminary analysis showed that the addition of RAD001 to paclitaxel
plus FEC in the neoadjuvant setting was well tolerated
and associated with a higher 12-week response rate than
the combination chemotherapy alone (47.8 vs. 29.6%).
However, this difference was not statistically significant due to the small sample size. Biomarker analysis is
ongoing in order to further optimize patient selection.

Heat shock proteins (Hsp) are highly conserved
proteins and their expression is dependent on the level of
various cellular stresses. The Hsp 90 proteins play a role
as molecular chaperones for several cellular proteins in
transducing proliferative signals. Their function is essential for normal cell viability and growth [90]. Several initial clinical studies showed promising anticancer activity
of Hsp 90 inhibitors, mainly in breast cancer and various hematological malignancies. When the function of
Hsp 90 is blocked, its client protein is degraded by proteasomes. Geldanamycin and tanespimycin have shown
antitumor activity in HER-2-positive metastatic breast
cancer patients [91,92]. Clinical trials are evaluating the
efficacy of Hsp 90 inhibitors AUY922 and IPI-504, but
only in ER and HER-2-positive disease (NCT0181613
and NCT01081600). Whether or not the agents of this
class will prove effective in vivo and specifically in TNBC remains to be seen.

Therapy based on androgen receptor inhibition
Preclinical in vitro studies indicated that androgens
can induce proliferative changes in breast cancer cell
lines and promote tumorigenesis in animal models by androgen receptor (AR) stimulation [86]. Doane et al. conducted a genome-wide gene expression profiling study
of 99 patients with breast cancer, 41 of whom had TN-

Histone deacetylase inhibitors
The interaction between histone acetyl transferase
and histone deacetylase (HDAC) enzymes modulates
the structure of chromatin and transcription factor accessibility, resulting in changes in gene expression. Inhibitors of HDAC have pleiotropic effects on cell cycle
arrest, apoptosis, and differentiation, and the inhibition
of growth and angiogenesis have emerged as promising
new therapeutic agents in multiple cancers, including
those resistant to standard chemotherapy. HDAC inhibitor activity has been found in breast cancer cell lines in in
vitro studies [93,94]. Various HDAC inhibitors, such as
trichostatin A and SK-7041, have been used in preclinical trials, and vorinostat has been used in phase I and II
studies [95,96]. Recently, a new HDAC inhibitor, entinostat (MS-275), in combination with all trans retinoic
acid (ATRA) and low dose chemotherapy, resulted in
the regression of established xenografts of TNBC [97].
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Tumor necrosis factor-related apoptosis-inducing
ligand inhibitors
The tumor necrosis factor (TNF)-alpha-related
apoptosis-inducing ligand (TRAIL) recently emerged
as a promising targeted therapeutic strategy in various
types of cancers due to its proapoptotic characteristics.
As a member of the TNF superfamily, TRAIL specifically activates extrinsic apoptotic pathways in cancer
cells by binding to death receptors (DR4 and DR5). Importantly, TRAIL selectively promotes the apoptosis of
tumor cells but it has no effect on normal human reproductive tract cells, including those in the endometrium,
ovary, cervix, and fallopian tubes [98,99]. Agonistic
monoclonal antibodies (mAbs) that functionally engage human and murine TRAIL receptors have shown
their capability to engage human DR4 or DR5 in exerting antitumor activity in in vivo xenograft studies [100].
Phase II trials are currently investigating the therapeutic efficacy of TRAIL agonists alone or in combination
with various chemotherapeutics. Tigatuzumab is a humanized, anti-DR5, agonistic, monoclonal antibody
that has strong preclinical data showing its in vitro and
in vivo activity against basal-like breast cancer cells. A
phase II trial using nanoparticle-albumin-bound paclitaxel with or without tigatuzumab in patients with metastatic TNBC is currently ongoing (TBCRC 019 trial,
NCT01307891).

Other therapies
Vitamin D levels may be a risk or an important
prognostic factor in breast cancer patients. Many epidemiologic, preclinical and clinical trials have indicated that vitamin D deficiency may result in breast cancer
initiation and progression. However, the significance of
vitamin D deficiency has not been studied comprehensively in different breast cancer phenotypes. Rainville et
al. showed that in their case series TNBC phenotype had
the lowest average vitamin D level and the highest percentage of patients that were vitamin D deficient [101].
In addition, checkpoint kinase 1(CHK1) and claspin
were quickly down-regulated in mouse MC3T3-E1
mammary carcinoma cells by treatment with 1,25 dihydroxyvitamin D3, which is a known inhibitor of cell
proliferation [102]. These findings suggest that low vitamin D levels may be characteristic of TNBC and vitamin D intake may be effective in the treatment of TNBC
[103]. On the other hand, the recommendation of routine vitamin D supplementation should be confirmed in
large prospective studies for patients with breast cancer
including TNBC phenotype.

Conclusion
TNBCs comprise a heterogeneous breast cancer
subgroup that substantially overlaps basal-like tumors
in terms of their characteristics. However, the biological aspects of TNBC, basal-like breast cancer and BRCA-deficient tumors are specific and different. TNBC
is characterized by an aggressive clinical course and
poor survival, but only few developments have been
made for patients with TNBC. While conventional chemotherapeutic regimens can be successful in treating
women with TNBC and basal-like disease, emerging
therapies aimed at damaging DNA, angiogenic players, tubulin structures, mTOR, TRAIL, AR, and Hsp 90
have shown promise in early studies but their clinical
performance has yet to be definitively proven. Novel
therapeutic options will be provided for best approaching the treatment of TNBCs. Future studies are needed
for the detection of novel molecular predictive factors
and therapeutic targets in order to identify better and optimal treatment modalities for TNBC.
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