Review: Clinical Trial Outcomes

Triple-negative breast cancer and new
treatment developments
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Triple-negative breast cancer (TNBC) is an aggressive immunohistochemical
phenotype found in approximately 15% of women with invasive breast
cancer. Although TNBC is sensitive to cytotoxic chemotherapy, it is
associated with poorer outcomes. Moreover, patients with TNBC are not
candidates for hormonal or human epidermal growth factor 2-targeted
therapies, thus underscoring the need for new treatments for TNBC. Agents
targeting aberrant DNA repair, including platinum and PARP-1 inhibitors, are
under evaluation in TNBC based on its overlap with BRCA1-related breast
cancer. Several other cytotoxic (e.g., ixabepilone) and targeted agents
(e.g., bevacizumab, cetuximab, everolimus and dasatinib) are also being
investigated clinically. Results from early clinical trials suggest the potential
for improving the outcomes of patients with TNBC in the future.
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Breast cancer is the most common malignancy and second leading cause of cancer
death among women in the USA; an estimated 207,090 women were diagnosed in
2010 [1] . Approximately 15% of the cancers diagnosed as invasive breast cancer will
also be classified as triple-negative breast cancer (TNBC) – a breast cancer subtype
characterized by tumors that lack expression of the estrogen receptor (ER), progesterone receptor (PR) and human EGF receptor 2 (HER2) [2] . However, TNBC
itself is a heterogeneous disease; it accounts for a majority of tumors classified as
‘basal-like’ by gene expression profiling, and also includes many tumors harboring
BRCA1 or BRCA2 mutations.
TNBC confers an aggressive clinical course with a poor prognosis compared with
other breast cancer subtypes. Owing to the lack of ER, PR and HER2 expression,
TNBC is not amenable to treatment with currently approved targeted approaches
such as hormone therapy or HER2-targeted drugs such as trastuzumab, and therefore
cytotoxic chemotherapy remains the mainstay of treatment. This article describes
the molecular and clinical features of TNBC, and then reviews traditional and
experimental approaches for treating this aggressive breast cancer subtype.
Molecular & clinical features of TNBC
■■ Molecular & histological features

Microarray-based gene expression profiling conducted in the early 2000s demonstrated that invasive breast tumors cluster into five distinct and highly reproducible
molecular patterns, termed luminal A, luminal B, HER2-positive, normal breast-like
and basal-like [3–5] . The luminal A and B subtypes are ER-positive, and distinguished
by the presence of PR expression and absence of HER2 expression (luminal A), or
the absence of progesterone expression and/or presence of HER2 expression (luminal B). Both share histological features with luminal epithelial cells arising from
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the inner layer of the breast duct [6] . The HER2-positive
phenotype is characterized by HER2 overexpression
and a lack of hormone receptor expression; this subset
predicts an aggressive clinical course, but is sensitive to
HER2-targeted therapies. The normal breast-like subset
typically lacks ER and HER2 expression and exhibits
characteristics of normal mammary stromal cells. Some
experts believe that this subset may be an artifact caused
by contamination with a large proportion of normal
breast tissue [7] . The basal-like phenotype is generally
associated with lack of ER, PR and HER2 expression
(i.e., the triple-negative phenotype) and with expression of basal cell-like cytokeratins (CKs) 5, 6 and 17.
Furthermore, these tumors are thought to arise from the
outer basal layer of the breast duct [6] . More recent gene
expression studies have identified other potential but less
common subtypes. The claudin-low subtype is the most
notable given that it typically carries a triple-negative
phenotype and is enriched for features associated with
stem cell function and the epithelial-to-mesenchymal
transition [8,9] .
The term TNBC encompasses breast cancer characterized immunohistochemically based on the lack of
ER, PR and HER2 expression, whereas the molecular
phenotypes are characterized by gene expression profiling. Although basal-like tumors are frequently triple
negative, it is important to recognize that TNBC is
not synonymous with basal-like tumors (Figure 1) . Up
to 30% of basal-like tumors do not exhibit a TNBC
phenotype in that they show either hormone receptor
or HER2 expression when evaluated by immunohistochemistry [10,11] . Moreover, as noted earlier, other
molecular subtypes, such as the claudin-low subset,
may fall under the TNBC umbrella.
TNBC is associated with overexpression of the basal
CKs 5, 6 and 17, reflecting its overlap with the basal-like
subset. In addition, the EGF receptor (EGFR; HER1)
is overexpressed in up to 60% of TNBC tumors [12–15] .
Other molecular markers that are expressed at rates
higher in basal-like tumors than in other molecular
breast cancer subtypes, and consequently may also be
associated with TNBC, include c-kit, p53 (or TP53 gene
mutations), p16, cyclin E, E2F3 and a-B-crystallin [16] .
Conversely, expression levels of the retinoblastoma protein and cyclin D1 are typically reduced. TNBC has
been further characterized on the basis of CK 5/6 and
EGFR expression: the term ‘core basal phenotype’ has
been used to identify a subset of TNBC tumors that
express either CK 5/6 and/or EGFR, whereas the term
‘quintuple-negative’ has been used to refer to TNBC
tumors that express neither CK 5/6 or EGFR (i.e., ER,
PR, HER2, CK 5/6 and EGFR negative) [2] . It should
be noted, however, that the quintuple-negative subgroup among patients with TNBC is typically very
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small. The clinical relevance of this additional stratification remains to be determined, but several studies
suggest that it may add significance to the prognostic
information conferred by TNBC status [17,18] .
Histologically, TNBC generally presents as a ductal
carcinoma, but some cases have mixed histology with
features of metaplastic or medullary carcinomas [16] .
A large majority of tumors associated with TNBC are
high-grade (Nottingham grade III). In the TNBC
cohort from the Carolina Breast Cancer Study, 84% had
tumors with Nottingham grade III whereas only 2%
were low-grade tumors (grade I). Most TNBC tumors
were noted to have marked nuclear pleomorphism
(80%) and high mitotic index (>10 per 10 high-power
fields; 87%) [19] . Consistent with this profile, TNBC
is associated with high expression of the proliferation
marker Ki-67 and exhibits pushing margins of invasion, with a stromal lymphocytic infiltrate at the tumor
margins and multiple necrotic cores [16,20] .
■■ Clinical features

Population-based studies indicate that women with
TNBC are younger at diagnosis and more likely to be
African-American than those with non-TNBC [19,21,22] .
In the California Cancer Registry, for example, women
with TNBC were 53% more likely to be diagnosed at
40 years of age or younger and 77% more likely to be
African-American compared with non-TNBC cases [21] .
Similarly, in the Carolina Breast Cancer Study, women
with basal-like breast cancer were diagnosed at a significantly younger age and had a higher proportion of
African-Americans compared with the luminal subtypes [19] . TNBC is also associated with obesity among
premenopausal women [22] . However, the higher incidence of TNBC among African-Americans appears
unrelated to patient age or body mass index [23] .
BRCA1 mutations – a risk factor for early-onset
familial breast cancer – are also seen more frequently in
TNBC than non-TNBC cases [24–27] . In a cohort of 491
breast cancer patients who underwent genetic testing for
BRCA1/2 mutations, TNBC was identified in 57% of
the BRCA1-positive patients compared with 23 and 18%
of BRCA2-positive and BRCA-negative patients, respectively [25] . Although a family history of breast cancer
among first-degree relatives is associated with increased
risk of breast cancer, it is not associated with a preferential
risk increase for TNBC compared with other molecular
subtypes based on recent data from the Breast Cancer
Surveillance Consortium [28] .
■■ Prognosis & outcome

Early-stage TNBC is highly sensitive to neoadjuvant
cytotoxic chemotherapy; however, TNBC has a paradoxical poor prognosis with increased risk of early
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relapse, different patterns of metastasis (visceral > bone), and reduced
Basal-like
TNBC
survival compared with other breast
cancer subtypes. In a cohort of 1601
women with early-stage breast cancer, the risk of distant recurrence in
the subset with TNBC peaked at
1–3 years following diagnosis, after
which it declined and matched the
lower-risk levels seen in non-TNBC
patients [29] . The poor survival of
patients with TNBC is illustrated
by data from the California Cancer
Registry, which compared 6370
women with TNBC with 44,704
BRCA1
Core basal phenotype
women with other breast cancer
(CK 5/6 and/or EGFR+)
types [21] . Survival at 5 years following diagnosis was significantly lower
among patients with TNBC com- Figure 1. Overlap among triple-negative breast cancer, basal-like and
pared with patients without TNBC BRCA1-related tumors.
(77 vs 93%); this survival difference CK: Cytokeratin; EGFR: EGF receptor; TNBC: Triple-negative breast cancer.
was evident regardless of the disease
stage at diagnosis (Figure 2) . Several other smaller stud- Traditional cytotoxic therapies for TNBC
ies have consistently shown similar findings of shorter The primary treatment for TNBC is cytotoxic chemosurvival for TNBC compared with non-TNBC [24,29–31] . therapy [2,16] . TNBC is highly sensitive to anthracyclines
When classified by expression profiling, the survival and anthracycline/taxane combinations, but patients
of patients with basal-like tumors is comparable to those have a relatively high risk of relapse, and as noted previwith HER2-overexpressing tumors, both of which are ously, a poorer outcome when compared with patients
significantly shorter than survival of patients with lumi- without TNBC. Evidence for the chemosensitivity of
nal A or B tumors [32] . However, the advent of adjuvant TNBC has been shown in several neoadjuvant and
trastuzumab has significantly improved the prognosis adjuvant clinical studies. In a cohort of 1118 women
of patients with early-stage HER2. No such targeted with early-stage breast cancer (including 255 patients
therapy exists yet for early-stage TNBC; however, early with TNBC), neoadjuvant chemotherapy, consisting
developments in adjuvant clinical trials with PARP-1 primarily of an anthracycline-based or anthracycline/
inhibitors are promising.
taxane-based regimen, produced higher pathologic
TNBC continues to confer a survival disadvantage complete response (pCR) rates in women with TNBC
even after development of distant metastases. In a cohort compared with other breast cancer subtypes (22 vs 11%;
of 3726 patients initially diagnosed with early-stage p = 0.034) [30] . Three-year survival for women achievbreast cancer between 1986 and 1992 (median follow-up ing pCR was comparable for TNBC and non-TNBC
time of 14.8 years) and having archival tumor specimens cases (94 vs 98%; p = 0.24). However, for those with
for expression analysis, median survival following dis- residual disease, 3-year survival was significantly poorer
tant metastasis was 0.5 years for patients with basal-like in the TNBC subset (68 vs 88%; p < 0.0001; Figure 3).
tumors compared with 0.7 years for those with HER2- Comparable data were reported with neoadjuvant doxooverexpressing tumors and 1.6–2.2 years for those with rubicin/cyclophosphamide with or without sequential
luminal A or B tumors [33] . Similarly, in another study, taxane therapy in a cohort of 107 women [36] . Higher
median survival from the time of distant recurrence pCR rates were achieved among basal-like and HER2was significantly shorter for patients with TNBC com- overexpressing patients compared with those having
pared with patients without TNBC (9 vs 20 months; luminal subtypes (p = 0.01). Early relapse was rare
p = 0.02) [29] . This poorer survival in the metastatic after pCR regardless of breast cancer subtype, whereas
disease setting associated with TNBC may reflect higher with residual disease, outcome was poorer for the basalrates of visceral metastases and lower rates of bone like and HER2-overexpressing subset compared with
metastases compared with non-TNBC cases [33–35] . the luminal subsets. The addition of capecitabine to
Additionally, patients with metastatic TNBC are at anthracycline/taxane regimens has also proven effective in studies of patients with early breast cancer. Data
increased risk of developing brain metastases.
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(n = 348; odds ratio = 5.29; 95%
CI: 3.22–8.68; p < 0.0001), independent of the regimen. And in the
total study population, the highest
80
pCR rates were achieved in patients
with TNBC who received epirubicin, docetaxel and capecitabine
60
compared with those who only
received epirubicin and docetaxel
(47.5 vs 31.2%; p = NS) [38] . Taken
40
Triple-negative stage I
together, these studies highlight the
Triple-negative stage II
importance of achieving pCR with
Triple-negative stages III–IV
neoadjuvant therapy in patients with
Other
breast
cancers
stage
I
20
Other breast cancers stage II
early-stage TNBC. In two recent
Other breast cancers stages III–IV
studies, sequential anthracycline/
taxane regimens produced pCR
0
0
10
20
30
40
50
60
rates of 29 and 36% in patients with
Months
TNBC [39,40] . This underscores the
need for more effective therapies
Figure 2. 5-year relative survival of patients with triple-negative breast cancer versus
capable of producing much higher
non-triple-negative breast cancer by stage at diagnosis in the California Cancer Registry
pCR rates.
(1999–2003) [21].
In the adjuvant setting, a metaanalysis of four Phase III clinical trifrom the Phase III ABCSG-24 trial demonstrated sig- als suggested that adjuvant anthracycline-based therapy
nificant improvements in pCR with the addition of was more effective than classical cyclophosphamide,
capecitabine to a neoadjuvant regimen of epirubicin plus methotrexate and fluorouracil in prolonging diseasedocetaxel (24.3 vs 16.0%; p = 0.02) [37] . Furthermore, free survival (DFS) in TNBC (hazard ratio [HR]=0.77;
a review of subgroup analyses from ABCSG-24 showed 95% CI: 0.54–1.09) [41] . The magnitude of benefit of
that patients with TNBC (n = 122) had a significantly anthracycline-based therapy was comparable to that
greater chance of achieving a pCR than non-TNBC of patients whose cancers overexpress HER2. In comparison, there was no difference in DFS among patients
with HER2 or TNBC with regard to the two regimens.
Patients treated with neoadjuvant CT
Results from the Phase III FinXX trial have also demon(n = 1118)
strated the effectiveness of adjuvant anthracycline – as
part of sequential therapy – with significant improvements in 3-year recurrence-free survival (RFS) observed
with the incorporation of capecitabine to a sequential
pCR
TNBC: 57/225 (22%)
taxane-anthracycline adjuvant regimen (92.5 vs 88.9%
Residual disease
Non-TNBC: 98/863 (11%)
control; HR = 0.66; 95% CI: 0.47–0.94; p = 0.020) [42] .
p = 0.034
A subsequent review of subgroup analyses from FinXX
demonstrated that patients with TNBC (n = 202)
had significantly shorter RFS than patients without
TNBC (n = 1294; 81.7 vs 92.2%; HR =0.43; 95% CI:
3-year OS
3-year OS
0.29–0.63; p < 0.001). Moreover, 3-year RFS was signifTNBC: 94%
TNBC: 68%
icantly longer in the capecitabine-containing treatment
Non-TNBC: 98%
Non-TNBC: 88%
p = 0.24
p < 0.0001
arm (n = 93) than in the control arm (n = 109; 87.7 vs
76.6%, respectively; HR = 0.43; 95% CI: 0.21–0.90;
p = 0.024) [38] . These promising data for capecitabine
Figure 3. Impact of pathologic complete response on 3‑year overall
in early breast cancer have provided the foundation
survival in triple-negative breast cancer versus non-triple-negative
for an ongoing randomized Phase III study conducted
breast cancer patients who received neoadjuvant chemotherapy at the
by the CIBOMA collaborative group. This trial is
MD Anderson Cancer Center from 1985–2004 [30].
prospectively investigating capecitabine-maintenance
CT: Chemotherapy; OS: Overall survival; pCR: Pathologic complete
therapy after adjuvant anthracycline/taxane treatment
response; TNBC: Triple-negative breast cancer.
in patients with early TNBC (NCT00130533).
5-year survival (%)

100
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Use of anthracyclines and taxanes in early-stage disease limits their value in the metastatic disease setting,
directed in part by emergence of drug resistance, as
well as limitations on the maximum cumulative dose
due to cardiotoxicity (anthracyclines) or neurotoxicity (taxanes). Nevertheless, patients with metastatic
TNBC remain sensitive to cytotoxic chemotherapy. In
a cohort of 111 patients with metastatic TNBC, many
of whom were treated with neoadjuvant or adjuvant
chemotherapy, the median duration of first-, secondand third-line treatment was approximately 12, 9 and
4 weeks, respectively [43] . Median survival for the entire
cohort with metastatic TNBC was 13.3 months. The
short durations of treatment indicate a need for more
effective interventions that can be administered over
longer intervals once metastatic TNBC occurs.
Newer therapies under investigation for TNBC

Numerous agents are currently being explored for use in
TNBC – both in neoadjuvant/adjuvant therapy, as well
as in treatment of metastatic disease (Table 1) .
■■ Agents targeting aberrant DNA repair
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followed by weekly paclitaxel produced pCR in 12
of 30 patients with TNBC (40%) and 2-year DFS of
87.5% [47] . In comparison, four cycles of single-agent
cisplatin (75 mg/m2 every 21 days) resulted in pCR in
only six of 28 patients with TNBC (22%). Interestingly,
decreased BRCA1 mRNA expression was associated
with good response to cisplatin therapy [48] .
Platinum-based chemotherapy has also been suggested to produce favorable results in patients with
advanced TNBC compared with patients without
TNBC. In a retrospective cohort from the Royal
Marsden, the TNBC subset had a numerically higher
response rate (41 vs 31%), significantly longer progression-free survival (PFS; 6 vs 4 months; p = 0.05), and a
trend for longer overall survival (OS; 11 vs 7 months;
p = 0.10) [45] . In a retrospective study of 36 patients,
cisplatin/gemcitabine showed a trend for longer PFS in
metastatic TNBC compared with non-TNBC (5.3 vs
1.7 months; p = 0.058) [49] . However, in another retrospective study of 143 patients with metastatic breast
cancer, platinum-based therapy was not associated
with improvement in PFS or OS in TNBC compared
with non-TNBC, despite a higher response rate (33 vs
22%) [50] .
Brostallicin (PNU-166196A) is a new synthetic
a-bromoacrylic derivative that belongs to the pharmacological class of DNA minor groove binding anticancer
agents. In preclinical human and murine tumor models,
brostallicin is a potent inducer of apoptosis, which retains
activity in cancer cells resistant to alkylating agents,
topoisomerase I inhibitors, and is fully active against
DNA mismatch repair-deficient tumor cells [51–53] . The
North Central Cancer Treatment Group is conducting a
Phase II trial (N0937) of cisplatin followed by brostallicin in patients with advanced TNBC who have received
up to four prior lines of therapy in the metastatic setting (NCT01091454). The rationale for this study is
based on preclinical observations that cisplatin increases

Patients with mutated BRCA1 have defects in homologous recombination mechanisms that repair DNA
double-strand breaks [44] . The overlap of TNBC with
BRCA1 breast cancer raises the possibility that the
pathogenesis of TNBC may also involve defective DNA
repair. This has led to reconsideration of alkylating
agents, such as cisplatin and carboplatin, that interfere
with DNA repair, as well as the development of PARP-1
inhibitors that target the key enzyme involved in base
excision repair of single-strand DNA. The latter pathway is important in repairing DNA damage in cells with
defective homologous recombination.
In a retrospective analysis of patients treated at the
Royal Marsden in London, neoadjuvant platinumbased chemotherapy produced higher clinical complete response rates in TNBC
than in non-TNBC (88 vs 51%;
Table 1. Treatment approaches under clinical investigation in triple-negative
p = 0.005), although DFS tended
breast cancer.
to favor the non-TNBC subset [45] .
In a Phase II neoadjuvant study,
Approach
Agents
74 patients received eight cycles of
Enhance aberrant DNA repair
Platinum drugs
cisplatin, epirubicin and paclitaxel
PARP-1 inhibitors
with granulocyte-colony stimulating
Brostallicin
factor support. This regimen proBlock angiogenesis
Bevacizumab
duced a pCR in 46 patients (62%)
Sunitinib
with large, operable TNBC [46] .
Block EGFR
Cetuximab
5-year DFS was 90 and 56% among
Erlotinib
patients who did and did not achieve
Stabilize microtubules
Ixabepilone
pCR, respectively. In a similar popBlock
signaling
cascades
Src inhibitors (e.g., dasatinib)
ulation, neoadjuvant cisplatin, epimTOR inhibitors (e.g., everolimus)
rubicin and infusional fluorouracil
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expression of glutathione S-transferase in tumor cells,
and that brostallicin has greater cytotoxicity in tumor
cells with elevated levels of glutathione and glutathione
S-transferase. The PARP-1 inhibitors are novel targeted
agents designed to inhibit single-strand DNA repair
mechanisms that may be important to the survival of
TNBC cells, especially those harboring a BRCA mutation. Multiple studies of PARP-1 inhibitors in TNBC
are currently in progress. The furthest advanced of the
PARP-1 inhibitors is iniparib (also known as BSI-201).
It was evaluated in a randomized Phase II trial involving
116 patients with TNBC who had received up to two
prior chemotherapy regimens for metastatic disease [54] .
Patients were allocated to carboplatin/gemcitabine
with or without iniparib, with the PARP-1 inhibitor
administered at a dose of 5.6 mg/kg intravenous twiceweekly for the first 2 weeks of a 3-week cycle. When
added to carboplatin/gemcitabine, iniparib significantly
improved the response rate (52.5 vs 32.3%; p = 0.023),
PFS (5.9 vs 3.6 months; p = 0.0012), and OS (12.3
vs 7.7 months; p = 0.014) compared with carboplatin/
gemcitabine alone. Chemotherapy-related adverse
events were not increased by the addition of iniparib to
carboplatin/gemcitabine. The encouraging data from
this trial have led to a randomized Phase III study using
the same treatment arms. This trial is now complete and
awaits final assessment (NCT00938652). Notably, on
28 January 2011, a press release from Sanofi-Aventis and
its subsidiary, BiPar Sciences, stated that this Phase III
trial did not meet the specified criteria for significance
for co-primary end points of OS and PFS. Conversely,
data from the prespecified analysis in patients treated
in the second- and third-line setting do support the
findings reported in the Phase II trial – improvement
in OS and PFS.
The PARP-1 inhibitor olaparib (AZD2281) was
evaluated in advanced breast cancer patients with
BRCA1 or BRCA2 mutations in a multicenter, proofof-concept, Phase II trial [55] . The study cohort had
received a median of three previous chemotherapy
regimens. Olaparib produced objective responses in a
dose-related manner (41% at 400 mg twice daily [b.i.d.]
and 22% at 100 mg b.i.d.) and was well tolerated with
mainly grade 1/2 toxicities. Importantly, at an end-ofyear discussion, AstraZeneca decided to discontinue
the Phase III trial of olaparib in TNBC with BRCA
mutations and instead, focus on development in serous
ovarian cancer – a decision apparently based on iniparib
not meeting its end points in the Phase III trial.
Other studies of PARP-1 inhibitors in TNBC are
currently in progress, including a Phase II trial of
iniparib plus carboplatin/gemcitabine as neoadjuvant therapy (NCT00813956), and Phase I trials of
olaparib with either carboplatin, paclitaxel, or both in
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metastatic disease (NCT00516724; NCT00647062;
NCT00707707). Another PARP-1 inhibitor, veliparib, is being investigated with and without carboplatin in a Phase II trial in patients with BRCA1/2
mutations (NCT01149083) and in combination with
cisplatin/vinorelbine in a Phase I study in patients with
metastatic TNBC (NCT01104259). Additional studies
are also in development and will likely be activated by
the time of this publication.
■■ Angiogenesis inhibitors

VEGF is a major angiogenic factor in human malignancies. Patients with TNBC have been shown to have
higher intratumoral levels of VEGF compared with
patients without TNBC [31] . When added to first-line
paclitaxel, the anti-VEGF monoclonal antibody bevacizumab significantly improved PFS compared with
paclitaxel alone in the Phase III E2100 trial, with subset
analyses showing comparable benefits among hormone
receptor-negative patients (which is a TNBC cohort
given the HER2-negative status of the study population) as in hormone receptor-positive patients [56] . A
meta-analysis of patients with TNBC treated in the
first-line setting in the Phase III E2100, AVADO, and
RIBBON-1 trials assessed the difference in PFS and
OS between treatment groups (chemotherapy [taxane-,
anthracycline-, or capecitabine-based] plus bevacizumab
compared with chemotherapy alone). Although median
PFS was significantly longer in the chemotherapy plus
bevacizumab cohort compared with chemotherapy alone
(8.1 vs 5.4 months; unstratified HR = 0.65; 95% CI:
0.54–0.78, log-rank p < 0.0001; stratified HR = 0.68;
95% CI: 0.56–0.83, log-rank p = 0.0002), there was
no significant difference in OS (18.9 vs 17.5 months,
respectively; unstratified HR = 0.96; 95% CI: 0.79–
1.16, log-rank p = 0.673; stratified HR = 0.99; 95% CI:
0.81–1.21, log-rank p = 0.930) [57] . In a separate study,
bevacizumab added to first-line nab-paclitaxel/gemcitabine produced a clinical benefit rate of 85% in a
small subgroup of patients with metastatic TNBC,
which was comparable to the benefit seen in hormone
receptor-positive, HER2-negative patients in a singlearm Phase II study [58] . Bevacizumab is currently being
evaluated in numerous trials in patients with TNBC,
including the Phase III BEATRICE trial comparing
bevacizumab plus chemotherapy versus chemotherapy alone in the adjuvant setting (NCT00528567).
Notable Phase II studies in first-line treatment of metastatic TNBC include bevacizumab plus carboplatin/
gemcitabine (NCT01201265) and bevacizumab plus
carboplatin/doxorubicin (NCT00608972), and those
in the neoadjuvant setting include bevacizumab plus
carboplatin/docetaxel (NCT01208480) and bevacizumab in combination with sequential nab-paclitaxel/
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carboplatin followed by doxorubicin/cyclophosphamide
(NCT00777673). However, the recent decision of the
US FDA to remove the indication for bevacizumab in
patients with metastatic breast cancer makes it very difficult to predict its future role in the management of
patients with TNBC.
Sunitinib is a tyrosine kinase inhibitor that targets the VEGF receptor, PDGF receptor, and c-kit.
Sunitinib administered at a dose of 50 mg/day for
4 weeks of a 6-week cycle produced objective responses
in three of 20 (15%) patients with metastatic TNBC
previously treated with an anthracycline and a taxane [59] . In another Phase II trial, first-line treatment
with sunitinib 25 mg/day in combination with weekly
paclitaxel produced responses in three of nine (33%)
patients with TNBC [60] . Other outcome data for
the TNBC subsets in these trials were not reported.
Sunitinib is currently being evaluated in a randomized Phase II trial against standard-of-care chemotherapy in patients with advanced TNBC who had
been treated previously, with up to two prior chemotherapy regimens (NCT00246571). Results based on
an independent central review showed no significant
improvement in median PFS in patients treated with
sunitinib compared with those treated with standardof-care chemotherapy (2.0 vs 2.7 months, respectively;
HR = 1.20; 95% CI: 0.89–1.63; 1-sided p = 0.889).
Similarly, sunitinib did not prolong median OS (9.4
vs 10.5 months, respectively; HR = 1.22; 95% CI:
0.89–1.68; 1-sided p = 0.892) [61] . Sunitinib is also
being investigated in a Phase I/II trial as neoadjuvant
therapy in combination with paclitaxel/carboplatin for
TNBC (NCT00887575). However, it is unlikely that
sunitinib will play any significant role in breast cancer
management. SUN 1107, a Phase III trial of sunitinib
versus capecitabine in a broad range of advanced breast
cancer patients who had failed prior first-line standard therapy, was closed earlier than expected after an
Independent Data Monitoring Committee found that
sunitinib would be unable to demonstrate a statistically
significant improvement in the primary PFS end point.
Three other Phase III studies (SUN 1064, SUN 1099
and SUN 1094) evaluating sunitinib in combination
with docetaxel, capecitabine, or paclitaxel in advanced
breast cancer did not meet their primary end points.
■■ EGFR inhibitors

EGFR overexpression is seen in up to 60% of TNBC
tumors [12–15] . The combination of the EGFR inhibitor
cetuximab with paclitaxel produced a major response
against skin metastases in a case report of a heavily
pretreated woman with metastatic, EGFR-expressing
TNBC [62] . In a randomized Phase II trial, 102 patients
with metastatic TNBC who had not previously received
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platinum chemotherapy received single-agent cetuximab
with carboplatin added at disease progression, or combination therapy with cetuximab plus carboplatin [63] .
Overall, 54% had been treated previously for metastatic
disease, including 24% who received more than one
regimen. Single-agent cetuximab exhibited limited
activity (6% partial responses, 4% stable disease). In
comparison, the cetuximab/carboplatin doublet was
more active, producing partial responses in 17% and
stable disease in 9%. The response rate did not differ
by the line of therapy. Unfortunately, the median PFS
was disappointing for both arms; 1.4 months for singleagent cetuximab and only 2 months in the combination arm. In another Phase II trial in metastatic disease,
cetuximab plus weekly carboplatin/irinotecan produced
a higher response rate in the TNBC subgroup compared
with chemotherapy alone (49 vs 30%) [64] . However,
the addition of cetuximab to chemotherapy did not
improve the PFS or OS of the entire cohort of patients
or in the TNBC population (PFS of 6.4 vs 5.2 months
for the TNBC patients treated with and without cetuximab). Additionally, grade 3/4 toxicity was higher in the
cetuximab arm, particularly diarrhea, neutropenia and
thrombocytopenia. Other ongoing studies are evaluating cetuximab in the TNBC population. These include
a series of Phase II trials comparing cetuximab plus
ixabepilone versus ixabepilone in neoadjuvant therapy
(NCT01097642) and in first-line treatment of advanced
breast cancer in women previously treated with anthracycline-based therapy in the adjuvant or neoadjuvant
setting (NCT00633464). Results from a trial comparing cetuximab plus cisplatin with cisplatin alone in
patients with metastatic TNBC treated with up to one
prior regimen (NCT00463788) demonstrated that the
addition of cetuximab to cisplatin nearly doubled the
overall response rate (ORR): 20.0 (95% CI: 13.1–28.5)
versus 10.3% (95% CI: 3.9–21.2; p = 0.5 for testing
ORR against 20.0%). Moreover, cetuximab in combination with cisplatin was associated with a significant 32.5% reduction in the risk of disease progression
compared with cisplatin alone (HR = 0.675; 95% CI:
0.470–0.969; p = 0.032), with a manageable safety and
toxicity profile [65] .
The EGFR tyrosine kinase inhibitor erlotinib is also
being evaluated in Phase II clinical trials in TNBC.
In one study, patients with advanced breast cancer are
given first-line nab-paclitaxel plus bevacizumab over a
24-week period, and those without disease progression
receive maintenance therapy with bevacizumab plus
erlotinib until disease progression (NCT00733408).
Other trials are evaluating erlotinib in combination
with neoadjuvant chemotherapy (NCT00491816) and
in combination with bendamustine in women with
advanced breast cancer (NCT00834678). However,
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a Phase II trial of erlotinib in patients with EGFRoverexpressing TNBC was recently terminated due to
poor accrual (NCT00739063). Although, as previously
noted, up to 60% of TNBC may express EGFR, the
results of some of the above trials raise serious questions as to whether EGFR is an appropriate target in
this malignancy.
■■ Src inhibitors

Src tyrosine kinase is an important messenger in numerous steps of oncogenesis, including tumor cell proliferation, invasion and metastasis [66] . Preclinical studies suggest that basal-like/TNBC cell lines are more
likely to respond to src inhibitors, such as dasatinib,
than other breast cancer subtypes [67] . Moreover, breast
cancer cells that have undergone an epithelial-to-mesenchymal transition – which correlates with the basallike phenotype – are also highly sensitive to src kinase
inhibition [68] . Dasatinib exhibited modest singleagent activity in a Phase II trial involving women with
advanced TNBC who had received prior anthracycline
and/or taxane therapy and up to two previous regimens
in the advanced disease setting [69] . Dasatinib was initially given at a dose of 100 mg b.i.d. but it caused toxicity necessitating dose interruption or delay. The starting
dose was subsequently lowered to 70 mg b.i.d., and the
drug was generally well tolerated with fatigue (9%) as
the most common grade 3 event. Because both of the
starting doses resulted in similar exposure, the efficacy
analysis was combined. Overall, patients responded to
dasatinib unfavorably, with partial responses observed
in only two of 43 evaluable patients (5%) lasting 54
and 8 weeks, respectively. The disease control rate was
9.3% and median PFS was 8.3 weeks. Dasatinib is
still being evaluated in multiple clinical trials in breast
cancer, but only one trial is specifically evaluating the
drug in TNBC: a Phase II trial of single-agent dasatinib
in locally advanced disease (NCT00817531). Patients
with TNBC are also eligible for some of the other trials. Subset analyses of these trials will be needed to
determine if the drug has preferential clinical activity
in TNBC compared with other breast cancer subtypes.
■■ Microtubule-stabilizing agents

Ixabepilone is the first member of the epothilone class to
be approved for use in breast cancer. Like the taxanes,
it stabilizes microtubules and leads to cell-cycle arrest
and apoptosis. However, ixabepilone differs structurally from the taxanes and binds uniquely to b-tubulin,
which may account for its low susceptibility to mechanisms that confer resistance to taxanes and anthracyclines, notably P-glycoprotein overexpression [70] . In
the neoadjuvant setting, ixabepilone administered for
up to four cycles produced a pCR of 26% in patients
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with TNBC compared with 15% in patients without
TNBC [71] . Phase II trials of single-agent ixabepilone
were conducted in various populations of patients with
metastatic breast cancer, ranging from those previously
untreated to those who had progressed on multiple
lines of therapy. A retrospective analysis of data from
five Phase II trials indicated that response rates for ixabepilone in patients with TNBC were comparable to
those seen in the overall study cohorts [72] . In the two
pivotal Phase III trials of ixabepilone plus capecitabine
versus capecitabine alone, the combination significantly
improved PFS in anthracycline/taxane-pretreated
women with metastatic breast cancer [73,74] . Many
women in these trials were resistant to anthracyclines,
taxanes, or both. A prospective pooled analysis was conducted to compare treatment arms in the TNBC subset:
the ixabepilone/capecitabine combination significantly
improved PFS (4.2 vs 1.7 months) and also increased the
response rate (31 vs 15%) compared with capecitabine
alone [72] . Besides the aforementioned trials of ixabepilone with cetuximab, several other studies are evaluating
ixabepilone in TNBC. Two Phase III trials are evaluating the role of ixabepilone in the adjuvant setting: the
TITAN trial is comparing sequential adjuvant therapy
with doxorubicin plus cyclophosphamide followed by
either ixabepilone or paclitaxel in patients with TNBC
(NCT00789581), and the PACS-08 trial is comparing sequential adjuvant therapy with 5-fluorouracil,
epirubicin and cyclophospha mide, followed by either
ixabepilone or docetaxel (NCT00630032) in patients
with TNBC or ER positive – but PR/HER2-negative
with poor prognosis – patients. In addition, the Phase II
ECLIPSE study is evaluating ixabepilone plus carboplatin in patients with metastatic breast cancer treated with
up to two lines of prior therapy and includes a predefined
analysis of the TNBC subgroup (NCT01075100).
■■ PI3K-Akt pathway inhibitors

The PI3K/Akt pathway utilizes signals from the cell
surface to drive a variety of cellular functions including proliferation, survival and apoptosis. Approximately
70% of breast cancers have mutations in components
of the PI3K/Akt pathway [75] . Loss of the phosphatase
and tensin homolog is common in TNBC and results
in activation of the mTOR, a downstream kinase in the
PI3K/Akt pathway that regulates G1 cell-cycle protein
synthesis prior to cell replication [76,77] . Blocking mTOR
suppresses proliferative signals causing cell-cycle arrest.
The mTOR inhibitor everolimus was evaluated in
first- or second-line treatment of advanced breast cancer
in a Phase II trial [77] . When administered at a dose of
10 mg/day, everolimus produced objective responses
in 12% of patients, with HER2-negative status being
predictive of clinical benefit. However, the activity of
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everolimus in patients with TNBC in this trial was
not specified. Of patients receiving daily everolimus,
16% discontinued due to pneumonitis. Everolimus
is currently being evaluated in several Phase II trials
specifically targeting TNBC: as single-agent therapy
(NCT00827567), in combination with carboplatin for
metastatic disease (NCT01127763), and in combination with cisplatin/paclitaxel in the neoadjuvant setting
(NCT00930930). Another mTOR inhibitor, temsirolimus, is also being evaluated in breast cancer. However,
none of the ongoing trials is specifically targeting the
TNBC population.
Future perspective

Although multiple targeted therapy approaches are
being explored in clinical trials, cytotoxic chemotherapy
continues to be the mainstay of treatment for TNBC.
Understanding the role of BRCA1 in DNA repair and
its overlap with TNBC has led to reconsideration of
platinum agents and development of PARP-1 inhibitors. Similarly, identification of EGFR overexpression
as a common marker in basal-like tumors and recognition of common mutations in downstream effector
pathways has led to multiple targeted approaches. As
a greater understanding is obtained about the mechanisms driving this aggressive phenotype, new targeted
strategies for TNBC should continue to evolve over the
next 5–10 years. Those therapies with proven benefit
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will be integrated into current treatment paradigms.
Apart from targeted therapy, newer cytotoxic agents
with low susceptibility to common resistance mechanisms will provide additional treatment options for
patients with TNBC.
Triple-negative breast cancer is a heterogeneous subtype and consequently, a ‘one-size-fits-all’ treatment strategy is unlikely to be optimal. It is anticipated that predictive biomarkers identified in the coming years can be
used to select patients with TNBC who are most likely to
respond to a specific treatment. The development of targeted therapies and identification of predictive biomarkers are expected to have a substantial impact on TNBC.
Such an impact would be analogous to the benefit of
hormone therapy in hormone receptor-positive breast
cancer and HER2-targeted therapies in HER2-positive
disease. As a result, it is anticipated that outcomes for
patients with TNBC will improve over the next 10 years.
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Executive summary
■■ Triple-negative breast cancer (TNBC) is an aggressive phenotype identified by immunohistochemical analysis. However, TNBC is
actually a heterogeneous classification that overlaps with the basal-like subtype identified by gene expression analysis, as well as
with BRCA1-related breast cancer.
■■ Cytotoxic chemotherapy is the mainstay of treatment for TNBC. Despite high chemosensitivity, TNBC is associated with poor
patient outcomes underscoring the need for new treatments.
■■ Newer treatment approaches – both in terms of chemotherapy and targeted agents – are currently being evaluated in ongoing
clinical trials. Initial results with several agents appear promising both in early-stage and metastatic disease.
■■ Predictive biomarkers need to be identified to select those patients with TNBC who are most likely to benefit from
various treatments.

basal-like tumors and
BRCA1-related tumors.

Bibliography
Papers of special note have been highlighted as:
of interest
of considerable interest
n

3

n  n

1

2

n  n

Jemal A, Siegel R, Xu J, Ward E. Cancer
statistics, 2010. CA Cancer J. Clin. 60,
277–300 (2010).
Foulkes WD, Smith IE, Reis-Filho JS.
Triple-negative breast cancer. N. Engl. J. Med.
363, 1938–1948 (2010).
Provides a detailed comparison of triplenegative breast cancer (TNBC) with

future science group

n  n

4

Perou CM, Sørlie T, Eisen MB et al.
Molecular portraits of human breast tumours.
Nature 406, 747–752 (2000).

n  n

5

Sørlie T, Tibshirani R, Parker J et al.
Repeated observation of breast tumor
subtypes in independent gene expression
data sets. Proc. Natl Acad. Sci. USA 100,
8418–8423 (2003).

6

Cleator S, Heller W, Coombes RC.
Triple-negative breast cancer: therapeutic
options. Lancet Oncol. 8, 235–244
(2007).

This seminal study classifies breast tumors
in different subtypes based on their
gene expression.
Sørlie T, Perou CM, Tibshirani R et al. Gene
expression patterns of breast carcinomas
distinguish tumor subclasses with clinical
implications. Proc. Natl Acad. Sci. USA 98,
10869–10874 (2001).

Clin. Invest. (2011) 1(8)

This seminal study demonstrates that gene
expression profiling distinguishes
subclasses of breast cancer with
different outcomes.

1115

Review: Clinical Trial Outcomes
7

n  n

8

9

Weigelt B, Baehner FL, Reis-Filho JS. The
contribution of gene expression profiling to
breast cancer classification, prognostication
and prediction: a retrospective of the last
decade. J. Pathol. 220, 263–280 (2010).

Hennessy BT, Gonzalez-Angulo AM,
Stemke-Hale K et al. Characterization of a
naturally occurring breast cancer subset
enriched in epithelial-to-mesenchymal
transition and stem cell characteristics. Cancer
Res. 69, 4116–4124 (2009).
Prat A, Parker JS, Karginova O et al.
Phenotypic and molecular characterization of
the claudin-low intrinsic subtype of breast
cancer. Breast Cancer Res. 12, R68 (2010).
Bertucci F, Finetti P, Cervera N et al. How
basal are triple-negative breast cancers?
Int. J. Cancer. 123, 236–240 (2008).

11

Rakha EA, Eisheikh SE, Aleskandarany MA
et al. Triple-negative breast cancer:
distinguishing between basal and nonbasal
subtypes. Clin. Cancer Res. 15, 2302–2310
(2009).

13

Nielsen TO, Hsu FD, Jensen K et al.
Immunohistochemical and clinical
characterization of the basal-like subtype of
invasive breast carcinoma. Clin. Cancer Res.
10, 5367–5374 (2004).
Lerma E, Peiro G, Ramón T et al.
Immunohistochemical heterogeneity of breast
carcinomas negative for estrogen receptors,
progesterone receptors and Her2/neu
(basal-like breast carcinomas). Mod. Pathol.
20, 1200–1207 (2007).

14

Pintens S, Neven P, Drijkoningen M et al.
Triple negative breast cancer: a study from the
point of view of basal CK 5/6 and HER-1.
J. Clin. Pathol. 62, 624–628 (2009).

15

Thike AA, Cheok PY, Jara-Lazaro AR, Tan B,
Tan P, Tan PH. Triple-negative breast cancer:
clinicopathological characteristics and
relationship with basal-like breast cancer.
Mod. Pathol. 23, 123–133 (2010).

16

Irvin WI Jr, Carey LA. What is triplenegative breast cancer? Eur. J. Cancer 44,
2799–2805 (2008).

17

Cheang MC, Voduc D, Bajdik C et al.
Basal-like breast cancer defined by five
biomarkers has superior prognostic value than
triple-negative phenotype. Clin. Cancer Res.
14, 1368–1376 (2008).

18

19

Carey LA, Perou CM, Livasy CA et al.
Race, breast cancer subtypes, and survival in
the Carolina Breast Cancer Study. JAMA. 295,
2492–2502 (2006).

20

Livasy CA, Karaca G, Nanda R et al.
Phenotypic evaluation of the basal-like
subtype of invasive breast carcinoma. Mod.
Pathol. 19, 264–271 (2006).

Reviews the role of gene expression profiling
in breast cancer classification,
prognostication and prediction.

10

12

Dyar & Moreno-Aspitia

Choi YL, Bocanegra M, Kwon MJ et al.
LYN is a mediator of epithelial-mesenchymal
transition and a target of dasatinib in breast
cancer. Cancer Res. 70, 2296–2306 (2010).

1116

21

22

23

24

25

n

Bauer KR, Brown M, Cress RD, Parise CA,
Caggiano V. Descriptive analysis of estrogen
receptor (ER)-negative, progesterone receptor
(PR)-negative, and HER2-negative invasive
breast cancer, the so-called triple-negative
phenotype: a population-based study from the
California Cancer Registry. Cancer 109,
1721–1728 (2007).
Kwan ML, Kushi LH, Weltzien E et al.
Epidemiology of breast cancer subtypes in two
prospective cohort studies of breast cancer
survivors. Breast Cancer Res. 11, R31 (2009).
Stead LA, Lash TL, Sobieraj JE et al.
Triple-negative breast cancers are increased in
black women regardless of age or body mass
index. Breast Cancer Res. 11, R18 (2009).
Haffty BG, Yang Q, Reiss M et al.
Locoregional relapse and distant metastasis in
conservatively managed triple negative
early-stage breast cancer. J. Clin. Oncol. 24,
5652–5657 (2006).
Atchley DP, Albarracin CT, Lopez A et al.
Clinical and pathologic characteristics of
patients with BRCA-positive and BRCAnegative breast cancer. J. Clin. Oncol. 26,
4282–4288 (2008).
This retrospective study describes the overlap
between TNBC and BRCA1 mutations.

26

Musolino A, Bella MA, Bortesi B et al. BRCA
mutations, molecular markers, and clinical
variables in early-onset breast cancer: a
population-based study. Breast 16, 280–292
(2007).

27

Billar JA, Dueck AC, Stucky CC et al.
Triple-negative breast cancers: unique clinical
presentations and outcomes. Ann. Surg. Oncol.
17(Suppl. 3), 384–390 (2010).

28

Phipps AI, Buist DS, Malone KE et al. Family
history of breast cancer in first-degree relatives
and triple-negative breast cancer risk. Breast
Cancer Res. Treat. 126(3), 671–678 (2010).

29

Dent R, Trudeau M, Pritchard KI et al.
Triple-negative breast cancer: clinical features
and patterns of recurrence. Clin. Cancer Res.
13, 4429–4434 (2007).

30

Liedtke C, Mazouni C, Hess KR et al.
Response to neoadjuvant therapy and
long-term survival in patients with triplenegative breast cancer. J. Clin. Oncol. 26,
1275–1281 (2008).

www.future-science.com

n

The retrospective study shows that
outcomes differ between TNBC and
non-TNBC for those with residual disease
after neoadjuvant chemotherapy but not
for those achieving pathologic
complete response.

31

Linderholm BK, Hellborg H, Johansson U
et al. Significantly higher levels of vascular
endothelial growth factor (VEGF) and
shorter survival times for patients with
primary operable triple-negative breast
cancer. Ann. Oncol. 20, 1639–1646
(2009).

32

Onitilo AA, Engel JM, Greenlee RT,
Mukesh BN. Breast cancer subtypes based
on ER/PR and Her2 expression: comparison
of clinicopathologic features and survival.
Clin. Med. Res. 7, 4–13 (2009).

33

Kennecke H, Yersushalmi R, Woods R et al.
Metastatic behavior of breast cancer
subtypes. J. Clin. Oncol. 28, 3271–3277
(2010).

34

Fulford LG, Reis-Filho JS, Ryder K et al.
Basal-like grade III invasive ductal
carcinoma of the breast: patterns of
metastasis and long-term survival. Breast
Cancer Res. 9, R4 (2007).

35

Smid M, Wang Y, Zhang Y et al. Subtypes
of breast cancer show preferential site of
relapse. Cancer Res. 68, 3108–3114
(2008).

36

Carey LA, Dees EC, Sawyer L et al.
The triple negative paradox: primary tumor
chemosensitivity of breast cancer subtypes.
Clin. Cancer Res. 13, 2329–2334 (2007).

n

Demonstrates that patients with basal-like
tumors have higher sensitivity to
anthracycline-based neoadjuvant
chemotherapy than those with luminal
tumors. Despite the initial
chemosensitivity, patients with luminal
tumors have poorer outcomes.

37

Steger GG, Greil R, Jakesz R et al. A
randomized Phase III study comparing
epirubicin, docetaxel, and capecitabine
(EDC) to epirubicin and docetaxel (ED) as
neoadjuvant treatment for early breast
cancer – first results of the Austrian Breast
and Colorectal Cancer Study Group-Trial
24 (ABCSG-24). Eur. J. Cancer 7(3),
Abstr. 4BA (2009).

38

Steger GG, Barrios C, O’Shaughnessy J,
Martin M, Gnant M. Review of
capecitabine for the treatment of triplenegative early breast cancer. Poster presented
at: The 34th San Antonio Breast Cancer
Symposium. San Antonio, TX, USA, 6–10
December 2011.

future science group

Triple-negative breast cancer & new treatment developments

39

40

41

42

43

44

Warm M, Kates R, Grosse-Onnbrink E et al.
Impact of tumor biology, particularly
triple-negative status, on response to
pre-operative sequential, dose-dense
epirubicin, cyclophosphamide followed by
docetaxel in breast cancer. Anticancer Res. 30,
4251–4259 (2010).
Masuda H, Masuda N, Kodama Y et al.
Predictive factors for the effectiveness of
neoadjuvant chemotherapy and prognosis in
triple-negative breast cancer patients. Cancer
Chemother. Pharmacol. 67(4), 911–917 (2010).
Di Leo A, Isola J, Piette F et al. A metaanalysis of Phase III trials evaluating the
predictive value of HER2 and topoisomerase
II a in early breast cancer patients treated
with CMF or anthracycline-based adjuvant
therapy. Breast Cancer Res. Treat. 107(Suppl.),
24 (2008).
Joensuu H, Kellokumpu-Lehtinen PL,
Huovinen R et al. Adjuvant capecitabine in
combination with docetaxel and
cyclophosphamide plus epirubicin for breast
cancer: an open-label, randomised controlled
trial. Lancet Oncol. 10, 1145–1151 (2009).
Kassam F, Enright K, Dent R et al. Survival
outcomes for patients with metastatic
triple-negative breast cancer: implications for
clinical practice and trial design. Clin. Breast
Cancer 9, 29–33 (2009).
Zhang J, Powell SN. The role of the BRCA1
tumor suppressor in DNA double-strand
break repair. Mol. Cancer Res. 3, 531–539
(2005).

49

50

Koshy N, Quispe D, Shi R, Mansour R,
Burton GV. Cisplatin-gemcitabine therapy in
metastatic breast cancer: improved outcome
in triple negative breast cancer patients
compared with non-triple negative patients.
Breast 19, 246–248 (2010).
Staudacher L, Cottu PH, Diéras V et al.
Platinum-based chemotherapy in metastatic
triple-negative breast cancer: the Institut
Curie experience. Ann. Oncol. 22(4),
848–856 (2010).

51

Fedier A, Fowst C, Tursi J, Geroni C, Fink D.
Retained sensitivity to brostallicin after loss of
DNA mismatch repair. Eur. J. Cancer 38(7),
S155 (2002).

52

Fedier A, Fowst C, Tursi J et al. Brostallicin
(PNU-166196) – a new DNA minor groove
binder that retains sensitivity in DNA
mismatch repair-deficient tumour cells.
Br. J. Cancer 89, 1559–1565 (2003).

53

Fedier A, Fink D. Mutations in DNA
mismatch repair genes: implications for DNA
damage signaling and drug sensitivity
(review). Int. J. Oncol. 24, 1039–1047 (2004).

54

O’Shaughnessy J, Osborne C, Pippen J et al.
Final efficacy and safety results of a
randomized Phase II study of the PARP
inhibitor iniparib (BSI-201) in combination
with gemcitabine/carboplatin (G/C) in
metastatic triple negative breast cancer
(TNBC). Ann. Oncol. 21(Suppl. 8), 5 (2010).

Review: Clinical Trial Outcomes
patients with metastatic breast cancer
previously treated with an anthracycline and
a taxane. J. Clin. Oncol. 26, 1810–1816
(2008).
60

Kozloff M, Chuang E, Starr A et al. An
exploratory study of sunitinib plus paclitaxel
as first-line treatment for patients with
advanced breast cancer. Ann. Oncol. 21,
1436–1441 (2010).

61

Curigliano G, Pivot X, Cortes J et al. A
randomized Phase II study of sunitinib vs.
standard of care for patients with previously
treated advanced triple-negative breast cancer.
Poster presented at: The 34th San Antonio
Breast Cancer Symposium. San Antonio, TX,
USA, 6–10 December 2011.

62

Gholam D, Chebib A, Hauteville D,
Bralet MP, Jasmin C. Combined paclitaxel
and cetuximab achieved a major response on
the skin metastases of a patient with
epidermal growth factor receptor-positive,
estrogen receptor-negative, progesterone
receptor-negative and human epidermal
growth factor receptor-2-negative (triplenegative) breast cancer. Anticancer Drugs 18,
835–837 (2007).

63

Carey LA, Rugo HS, Marcom PK et al.
TBCRC 001: EGFR inhibition with
cetuximab added to carboplatin in metastatic
triple-negative (basal-like) breast cancer.
J. Clin. Oncol. 26(Suppl. 15), 43 (2008).

55

64

Reviews the role of BRCA1 in the repair of
DNA double-strand damage and provides
the basis for treatment strategies targeting
aberrant DNA repair.

Tutt A, Robson M, Garber JE et al. Oral
poly(ADP-ribose) polymerase inhibitor
olaparib in patients with BRCA1 or BRCA2
mutations and advanced breast cancer: a
proof-of-concept trial. Lancet 376, 235–244
(2010).

O’Shaughnessy J, Weckstein DJ, Vukelja SJ
et al. Preliminary results of a randomized
Phase II study of weekly irinotecan/
carboplatin with or without cetuximab in
patients with metastatic breast cancer. Breast
Cancer Res. Treat. 106(Suppl. 1), S32 (2007).

56

65

45

Sirohi B, Arnedos M, Popat S et al.
Platinum-based chemotherapy in triplenegative breast cancer. Ann. Oncol. 19,
1847–1852 (2008).

Miller K, Wang M, Gralow J et al. Paclitaxel
plus bevacizumab versus paclitaxel alone for
metastatic breast cancer. N. Engl. J. Med. 357,
2666–2676 (2007).

57

46

Frasci G, Comella P, Rinaldo M et al.
Preoperative weekly cisplatin-epirubicinpaclitaxel with G-CSF support in triplenegative large operable breast cancer. Ann.
Oncol. 20, 1185–1192 (2009).

O’Shaughnessy J, Romieu G, Diéras V,
Byrtek M, Duenne A-A, Miles D. Meta-ana
lysis of patients with triple-negative breast
cancer (TNBC) from three randomized trials
of first-line bevacizumab (BV) and
chemotherapy treatment for metastatic breast
cancer (MBC). Poster presented at: The 34th
San Antonio Breast Cancer Symposium. San
Antonio, TX, USA, 6–10 December 2011.

Baselga J, Stemmer S, Pego A et al.
Cetuximab + cisplatin in estrogen receptornegative, progesterone receptor-negative,
HER2-negative (triple-negative) metastatic
breast cancer: results of the randomized
Phase II BALI-1 trial. Poster discussed at: The
34th San Antonio Breast Cancer Symposium.
San Antonio, TX, USA, 6–10 December
2011.

66

Finn RS. Targeting src in breast cancer. Ann.
Oncol. 19, 1379–1386 (2008).

67

Finn RS, Dering J, Ginther C et al.
Dasatinib, an orally active small molecule
inhibitor of both the src and abl kinases,
selectively inhibits growth of basaltype/’triple-negative’ breast cancer cell lines
growing in vitro. Breast Cancer Res. Treat.
105, 319–326 (2007).

68

Choi YL, Oh E, Park S et al. Triple-negative,
basal-like, and quintuple-negative breast
cancers: better prediction model for survival.
BMC Cancer 10, 507 (2010).

n

47

48

Torrisi R, Balduzzi A, Ghisni R et al. Tailored
preoperative treatment of locally advanced
triple negative (hormone receptor negative and
HER2 negative) breast cancer with epirubicin,
cisplatin, and infusional fluorouracil followed
by weekly paclitaxel. Cancer Chemother.
Pharmacol. 62, 667–672 (2008).
Silver DP, Richardson AL, Eklund AC et al.
Efficacy of neoadjuvant cisplatin in
triple-negative breast cancer. J. Clin. Oncol.
28, 1145–1153 (2010).

future science group

58

59

Lobo C, Lopes G, Baez O et al. Final results
of a Phase II study of nab-paclitaxel,
bevacizumab, and gemcitabine as first-line
therapy for patients with HER2-negative
metastatic breast cancer. Breast Cancer Res.
Treat. 123, 427–435 (2010).
Burstein HJ, Elias AD, Rugo HS et al.
Phase II study of sunitinib malate, an oral
multitargeted tyrosine kinase inhibitor, in

Clin. Invest. (2011) 1(8)

1117

Review: Clinical Trial Outcomes

Dyar & Moreno-Aspitia

69

Finn RS, Bengala C, Ibrahim N et al. Dasatinib
in triple-negative breast cancer: results of study
CA180059. Poster presented at: The 31st San
Antonio Breast Cancer Symposium. San Antonio,
TX, USA, 10–14 December 2008.

73

Thomas E, Gomez HL, Li RK et al.
Ixabepilone plus capecitabine for metastatic
breast cancer progressing after anthracycline
and taxane treatment. J. Clin. Oncol. 25,
5210–5217 (2007).

70

Vahdat L. Ixabepilone: a novel antineoplastic
agent with low susceptibility to multiple tumor
resistance mechanisms. Oncologist 13, 214–221
(2008).

74

Sparano JA, Vrdoljak E, Rixe O et al.
Randomized Phase III trial of ixabepilone plus
capecitabine in patients with metastatic breast
cancer previously treated with an
anthracycline and a taxane. J. Clin. Oncol. 28,
3256–3263 (2010).

71

72

Baselga J, Zambetti M, Llombart-Cussac A
et al. Phase II genomics study of ixabepilone as
neoadjuvant treatment for breast cancer. J. Clin.
Oncol. 27, 526–534 (2009).
Perez EA, Patel T, Moreno-Aspitia A. Efficacy
of ixabepilone in ER/PR/HER2-negative
(triple-negative) breast cancer. Breast Cancer
Res. Treat. 121, 261–271 (2010).

1118

75

Wickenden JA, Watson CJ. Key signalling
nodes in mammary gland development and
cancer. Signalling downstream of PI3 kinase
in mammary epithelium: a play in 3 Akts.
Breast Cancer Res. 12, 202 (2010).

www.future-science.com

76

Saal LH, Holm K, Maurer M et al. PIK3CA
mutations correlate with hormone receptors,
node metastasis, and ERBB2, and are
mutually exclusive with PTEN loss in human
breast carcinoma. Cancer Res. 65, 2554–2559
(2005).

77

Ellard SL, Clemons M, Gelmon KA et al.
Randomized Phase II study comparing two
schedules of everolimus in patients with
recurrent/metastatic breast cancer: NCIC
Clinical Trials Group IND.163. J. Clin.
Oncol. 27, 4536–4541 (2009).

future science group

