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Abstract Triple negative breast cancers (TNBC) are often
described as biologically aggressive tumors, with poorer sur-
vival compared to other breast cancer subtypes. The fact that
TNBC lacks an obvious target like estrogen receptor and
HER2 represents a major challenge in the management of
these patients. Genomic analyses have revealed that TNBC
comprises a diverse group of cancers, which have distinct
molecular profiles and different prognosis. These studies also
highlighted molecular aberrations that could serve as potential
treatment targets. On the other hand, a high percentage of
TNBCs express some important surface receptors that have
been already exploited in the development of promising
targeted therapies, which are currently tested in clinical trials.
In this review, we will provide an overview on the molecular
diversity of TNBC with special emphasis on the evolving role
of some potential biomarkers that may be utilized in the near
future.
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Introduction

Approximately 15 % of newly diagnosed breast cancers do
not express estrogen receptor (ER), progesterone receptor
(PR), and HER-2, and are thus defined as triple negative breast
cancer (TNBC) [1]. Compared to other breast cancer sub-
types, patients with TNBC have a worse clinical outcome, in
terms of shorter disease free and overall survival [2]. The
natural history of the disease entails an early peak of recur-
rence within the first 2–3 years from diagnosis, with a higher
prevalence of visceral metastasis, particularly in the lungs and
brain [3, 4]. This is followed by a definite sharp decline in the
relapse rate during subsequent years, with relapses being sel-
dom reported after 8 years from diagnosis.

It has been unequivocally acknowledged that TNBC is
highly responsive to chemotherapy [5]. This is based on the
results of clinical trials in the neo-adjuvant setting in which
triple negative tumors were consistently shown to have a
very high rate of pathological complete response (pCR) [6].
In general around 30 % of patients with TNBC are expected
to achieve pCR following a standard anthracycline/taxane-
based chemotherapy [6]. These patients have a favorable
prognosis, with less than 20 % developing distant recur-
rence at 5 years, which is similar to the outcome of patients
attaining pCR with other breast cancer subtypes [2, 7].
However, patients with TNBC who do not experience
pCR have a significantly higher risk of recurrence and
death compared to other subtypes [2, 6, 7].

It is clear that the major challenge in managing pa-
tients with TNBC is the lack of an effective targeted
therapy that can prolong survival. Thus, several attempts
have been made to dissect the key molecular events
encountered in TNBC tumors, in order to find potential
therapeutic targets that may improve the treatment out-
come of this disease.
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TNBC Is Not a Single Disease

Earlier work using gene expression profiling has allowed the
classification of breast cancer into four main molecular sub-
types [8, 9]. It was shown that the majority of TNBC pheno-
type clustered within the basal-like (BL) tumors.Many studies
have subsequently demonstrated that TNBC and BL have a lot
of biological similarities, including a high frequency of poorly
differentiated tumors, expression of basal cytokeratins, epider-
mal growth factor receptor (EGFR) expression, BRCA1
germline mutat ions, and p53 mutat ions [1 , 10] .
Nevertheless, TNBC and BL are not synonymous terms,
where 25–30 % of TNBC defined by immunohistochemistry
do not have the genomic characteristics of basal like breast
cancers [1, 10].

The molecular landscape of TNBC was further refined by
the pivotal work of Lehmann et al. who analyzed publically
available data on gene expression profiles from 587 TNBC
cases [11]. This study identified six different TNBC subtypes,
each displaying a unique gene expression pattern [two basal-
like (BL1, BL2 which are characterized by high levels of
proliferation-related genes), an immunomodulatory, a mesen-
chymal (M), a mesenchymal stem-like (MSL), and a luminal
androgen receptor subtype]. In a subsequent similar work,
Burstein et al. performed RNA and DNA profiling analyses
on 198 TNBC tumors at Baylor College of Medicine and
identified four stable TNBC subtypes, characterized by ex-
pression of distinct molecular profiles that have distinct prog-
nosis [12].

Both classifications show good, yet incomplete overlap
between the different genomic subtypes of TNBCs, which
for simplicity may be separated into three main categories:
BL, a mesenchymal stem-like (MSL), and luminal androgen
receptor (LAR) subtypes. Indeed, the LAR forms the most
distinct subgroup within two classifications that shares fea-
tures similar to ER-positive breast cancer [11]. In addition, it
appears to be a subtype that can be relatively easier to identify
in routine practice, by virtue of evaluating the expression of
androgen receptor (AR) by immunohistochemistry (IHC),
which has been reported by several studies [13–16] and
discussed later in detail. Importantly, these studies and others
were able to confirm the heterogeneity of TNBC subtypes in
terms of incidence, response to chemotherapy, and prognosis
[11, 12, 17].

Although the genomic characterization of TNBC appears to
be far from routine clinical application, they could help to shape
the genomic landscape of TNBCs and identify some key
subtype-specific molecular events that derive tumor progres-
sion. This can serve as the basis for biologically rational
targeted therapies in TNBC. Genome sequencing has shown
that the most common genomic events of TNBCs are TP53
mutation and Myc amplification that occur in around 80 and
40 % of all TNBC tumors, respectively [18]. Unfortunately at

the present time, there are no apparent approaches to target
either aberrations. Other less frequent molecular events include
germline and sporadic BRCA1/2 mutations (≅15 %), PIK3CA
mutation (≅9 %), EGFR amplification (≅5 %), and FGFR2
amplification (≅4%). The later events are potentially targetable
and are currently being explored in clinical trials [19].

Exploiting Genomics to Discover TNBC Therapeutic
Strategies

In this review, we will focus on three molecular biomarkers
that hold promise to be incorporated in routine clinical prac-
tice over the next decade. These biomarkers are BRCA1/2
mutations, AR expression, and tumor-infiltrating lymphocytes
(TILs).

BRCA1/2 Mutations

BRCA1 and BRCA2 are among the DNA repair genes, which
are involved in repair of double-stranded DNA breaks (DSB)
[20, 21]. Both genes are considered key components of DNA
homologous recombination repair (HR) pathway, which is an
error-free process essential for maintaining genomic stability
[22].

In BRCA-mutated cancers, DSB repair through HR is im-
paired, leading to an increased dependence on the proficiency
of base-excision repair (BER), which is the primary pathway
to repair single-strand DNA breaks (SSB). The latter is dom-
inantly mediated via the poly ADP ribose polymerase
(PARP)1 enzyme [23]. In these tumors, the PARP pathway
is upregulated as a compensatorymechanism in order to repair
DNA damage via BER. In preclinical models, inhibition of the
PARP pathway in BRCA-mutated tumor cells results in cell
death, as these cells are unable to repair either SSB or DSB
because of deficiency in HR repair mechanisms in combina-
tion with PARP inhibition [20].

Based on these data, PARP inhibitors have emerged as an
exciting treatment option in BRCA-mutated TNBC [24]. List
of recent and ongoing studies were recently summarized by
Sonnenblick et al. [25]. Current evidence clearly indicates that
these agents have weak activity in unselected TNBC [25]. The
initial study with iniparib in combination with gemcitabine
and carboplatin showed improvement in overall survival over
chemotherapy alone, yet these results were not confirmed in
phase III setting [26, 27]. Accordingly, and with the increasing
appreciation of TNBC heterogeneity, all subsequent trials on
PARP inhibitors have focused on patients with either a
germline or somatic BRCA mutation. Fong et al. showed an
impressive response rate of 47 % in BRCA-mutated breast
cancer in a phase I trial using olaparib [28]. A later phase II
showed a 41 % response rate using the 400-mg dose of
olaparib [29]. A more recent analysis including nearly 300

216 Curr Breast Cancer Rep (2015) 7:215–223



patients confirmed the activity of olaparib across different
tumor types (breast, ovarian, prostate, and pancreatic), provid-
ed the presence of BRCAmutation [30]. Of note, compared to
chemotherapy, PARP inhibitors are relatively well tolerated,
with fatigue, nausea, and vomiting (mostly grade I–II) being
the most common adverse events encountered with these
agents [25, 28, 29].

Recently, olaparib received regulatory approval in managing
patients with advanced ovarian cancer harboring germline
BRCA1/2 mutation [31]. In breast cancer, several PARP inhib-
itors are in advanced clinical development not only in the ad-
vanced setting but also in the adjuvant setting like the
OLYMPIA trial, which evaluated the role of olaparib as amain-
tenance therapy in patients with BRCA-mutated TNBC [25].

Of note, it has been shown that some sporadic TNBC tu-
mors (BRCA non-mutant) may also exhibit a variable degree
of HR repair dysfunction (so-called BRCAness). This occurs
via many somatic events, such as loss of heterozygosity, meth-
ylation silencing, or inactivating mutation, in the wild-type
allele, which would render the tumor cells homozygous defi-
cient for either BRCA1 or BRCA2, with the resulting profound
defect in HR [32]. Development of a robust score capable of
identifying tumors with defects in homologous recombination
DNA repair should provide another potential biomarker of
sensitivity to PARP inhibition in the sporadic TNBC popula-
tion in the clinical setting. To this end, a homologous recom-
bination deficiency (HRD) score, which reflects loss of het-
erozygosity of genomic regions of intermediate size, has been
identified as a biomarker that correlates with BRCAness in
ovarian and breast cancer [33, 34].

Given the high prevalence of DNA repair dysfunction in
TNBC, the use of chemotherapeutic agents operating through
inducing DNA damage seem to be an attractive strategy for
these tumors. During the last few years, platinum salts (known
to induce DNA cross-breaks) have been strongly suggested as
an effective treatment in patients with TNBC [35], particularly
those with BRCA mutation (Table 1) [36–38].

A subgroup analysis of the GeparSixto study indicated that
the magnitude of benefit of adding platinum salts was highest
among BRCA mutation carriers [38]. Similar findings come
from the TNT trial, which is a phase III trial comparing first-
line carboplatin to docetaxel in patients with TNBC [37]. Both

arms showed comparable response rate, 31.4 vs. 35.6%; how-
ever, on restricting the analysis to patients with known
BRCA1/2 mutations, carboplatin was clearly superior to do-
cetaxel: 68 vs. 33 %, p=0.03. Of note, there was a positive
interaction between the randomization arm and BRCA1/2 sta-
tus indicating that BRCA status is a predictive marker of plat-
inum benefit rather than being a marker of chemo-sensitivity.

Recently, two other studies have investigated the association
between benefit to platinum salts and HRD scores in the neo-
adjuvant setting [39, 40]. In the GeparSixto trial, patients with
HRD-positive tumors had superior benefit on adding
carboplatin to anthracyclines/taxane chemotherapy (pCR: 63.5
vs. 33.9 %, p<0.001), while those with HRD negative did not
appear to benefit much of adding carboplatin (29.6 vs. 20 %,
p=0.054) [40]. Another study (PrECOG 0105) showed higher
pCR rates in patients with positive HRD status who received
the combination of gemcitabine, iniparib, and carboplatin [39].
The HRD assays reported in these two studies now join several
other assays that will help discover how best to incorporate
markers of DNA repair impairment as part of our therapeutic
tools across various tumor phenotypes and not just in TNBC.
Clinical use of the HRD test has the potential to identify TNBC
patients likely to respond beyond those currently identified by
germline BRCA1/2 mutation screening. These data combined
indicate that there is a reasonable rational to consider the use of
platinum salts in patients with demonstrated DNA repair defi-
ciency. It does not appear that they be particularly active treat-
ment options in other TNBC patients and thus the notion of the
preferred use platinum salts in all TNBC is not supported by
evidence and, in our opinion, should be discouraged.

In current clinical practice, DNA repair deficiency could be
exploited by means of evaluation of the germline BRCA mu-
tation status, in which we have a standardized and validated
assays to use. Diagnosis at young age (<45) or <50 in case of
bilateral disease or have one close relative with breast cancer,
history of ovarian cancer, or personal history of male breast
cancer are all reasons to screen for BRCA mutation [41]. In
triple negative breast cancer, the NCCN guidelines indicate
that any patient with TNBC and younger than 60 years at
diagnosis should be tested while the European Society for
Medical Oncology Guidelines recommended testing if less
than 50 years at diagnosis [41].

Table 1 Key prospective trials evaluating the role of platinum salts in triple negative breast cancer according to BRCA status

Trial Study type Setting Regimen Platinum in BRCA
vs. non-BRCA

Control in BRCA
vs. non-BRCA

TNT [36] Phase III Metastatic Docetaxel vs. carboplatin RR: 68 vs. 28 % RR: 33.3 vs. 36.6 %

GeparSixto [37] Randomized phase II Neoadjuvant PMbev vs. PMbevCarbo pCR: 66.7 vs. 46 % pCR: 43.5 vs. 34.5 %

TBCRC009 [35] Phase II Metastatic Cisplatin or carboplatin RR: 54.5 vs. 19.7 %

RR response rate, pCR pathological complete response
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Androgen Receptor

One of the constant findings of TNBC genomic studies is the
presence of a LAR subtype (10–15 % of all TNBCs) [11, 12].
The findings that LAR cells are in part dependent on AR
signaling and that the pharmacological inhibition of AR by
the anti-androgen—bicalutamide—greatly reduces tumor
growth [11] suggest a potential role of anti-androgens in the
treatment of this TNBC subset.

A large meta-analysis including 19 studies and 7693 pa-
tients was recently conducted looking into the prevalence and
prognostic effect of AR according to ER status [42]. In ER-
negative tumors, ARwas expressed in around 30% of patients
as compared to more than 70 % in ER-positive disease.
Importantly, AR expression was associated with favorable
disease-free and overall survival, with a 5-year reduced risk
of death of more 50 % independent of ER status. This may
suggest that tumors with a triple negative phenotype, yet
showing high AR expression could possibly benefit of less
intensive therapy that may include anti-androgen therapy.
However, it was clear from this meta-analysis that a consensus
is yet to be reached regarding the optimal way to evaluate AR
as different methodologies were used in the different included
studies.

Gucalp et al. reported the first trial on the use of the
antiandrogen, bicalutamide at 150 mg daily, in patients with
TNBC [43]. In this trial, patients with ER, PR-negative but
AR-positive defined as >10 % AR nuclear staining by IHC
were included. This study included 28 patients of whom the
clinical benefit rate (CBR) was 19 % and a median
progression-free survival (PFS) of 12 weeks. In this study,
all except one patients had AR expression >50 % with a du-
ration of response ranging from 25 to 231 weeks. More re-
cently, another trial was reported but this time using the more
potent AR antagonist: enzalutamide [44]. In this open label
single arm two-stage study, 75 patients with advanced TNBC
were evaluable, of whom around 50 % received single agent
enzalutamide beyond second line of therapy. The primary
endpoint was CBR at 16 weeks. In the intent to treat analysis
(irrespective of AR expression), the clinical benefit rate at
16 weeks was 25 % with a median progression-free survival
of 12.6 weeks. However, in a predefined analysis of this study
using a novel genomic assay to quantitate AR expression,
patients with positive AR expression had nearly 40 % clinical
benefit rate at 16 weeks with median progression-free survival
of 40.4 weeks compared to only 11 % and 8.9 weeks in those
with negative AR expression. These studies provide proof of
concept indicating that targeting AR could emerge as a very
relevant target in managing subsets of TNBC harboring high
AR expression.

While these studies met their objectives in demonstrating
the efficacy of AR inhibitors, it should be noted that none of
them clearly define whether AR is truly a predictive marker

for AR targeting agents. In both studies, all patients were
treated with the AR inhibitor; thus, it is plausible that high
AR expression is just identifying those patients with better
prognosis and not necessarily deriving superior benefit of
these agents compared to standard chemotherapy. Hence, the
next step should be evaluating the interaction between AR
expression and benefit of AR inhibitors in the context of a
randomized trial that incorporates standard chemotherapy.

TILs

Over the last few years, extensive researches have focused on
the prognostic and predictive relevance of TILs in breast can-
cer. Several neoadjuvant studies have indicated that high TILs
are independently associated with a higher chance of achiev-
ing pCR [45–47]. Summary of these studies were recently
published [48, 49]. In one study by the German group, patients
with lymphocyte-predominant breast cancer defined as at least
60 % of TILs had a pCR of 41.7 % compared to only 2 % in
patients without any TILs detected [45]. On the other hand,
several adjuvant trials have shown that high TILs identify
patients with favorable prognosis yet this appears to be vari-
able according to breast cancer subtype [50–52]. Loi et al.
have evaluated more than 2000 samples for TILs within the
BIG 2-98 trial. In this study, TILs was more prevalent in
patients with TNBC and importantly it was only prognostic
in this subtype and not in the ER-positive or HER2-positive
subtypes [52]. The same results were observed in the FINHER
trial [50]. These findings suggest the importance of host anti-
tumor immune response in modifying the natural history of
TNBC.

On the other hand, The Cancer Genome Atlas (TCGA)
RNA sequencing data showed a higher expression of the im-
mune check point PD-L1 mRNA in TNBC (n=120) com-
pared with non-TNBC (n=716; p<0.001). Using IHC, PD-
L1 expression is present in around 20 % of TNBC specimens
and is associated with greater CD8+ T cell infiltrate than PD-
L1-negative tumors (p<0.0001).

The question is how can we exploit these findings to boost
an immune-mediated anti-tumor response in TNBC? It is well
acknowledged that the underlying basis of cancer immuno-
therapy is to activate a patient’s own T cells to specifically
recognize and kill cancer cells, a therapeutic goal that is po-
tentially achievable by recently developed immune check-
point inhibitors [48]. The recent practice changing success
reported by immune checkpoint inhibitors in melanoma [53]
has opened the door for incorporating these agents in other
diseases as well. Recently, the anti-PD-1 monoclonal anti-
body, nivolumab, has been approved for the treatment of ad-
vanced squamous NSCLC that has failed chemotherapy indi-
cating that these agents have the potential to change the treat-
ment landscape of tumors previously considered as non-
immunogenic cancers [54]. Currently, several anti PD1 and
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PD-L1 inhibitors are being tested in TNBC as well. Emens
et al. have shown an overall response rate of 33 % in nine
patients with metastatic TNBC including one complete re-
sponse using the PD-L1 inhibitor: MPDL3280A [55].
Another study using the PD-1, Pembrolizumab, has shown
an 18.5 % response rate in 32 patients with TNBC including
one complete response [56]. Other studies are also underway
and hold a lot of promise in refining the treatment paradigm of
this disease. Of note, to date, all studies are conducted in
unselected TNBC patients. As for TILs, all data is extrapolat-
ed from the early setting and hence their relevance in the
advanced setting is not very clear. Thus, whether TILs, or
PD-1/PD-L1 expression, or other markers can be used to de-
fine subsets that would benefit the most, this represents an
important question that would need to be addressed while
developing these agents.

Exploring Other Targets Outside the Genomic
Landscape of TNBC

Apart from the potential therapeutic targets emerging from the
genomic studies, a high percentage of TNBCs may express
some important surface receptors that can be exploited in the
development of promising target therapies. Two surface bio-
markers are already implicated in drug development of two
agents that carry promise to be potentially incorporated in the
treatment paradigms of TNBC in the years to come.

Luteinizing Hormone-Releasing Hormone Receptor
(LHRH-R)

LHRH-R is a member of the seven-transmembrane, G-protein
coupled receptor family, which binds luteinizing hormone re-
lease hormone (LHRH). These receptors are normally
expressed in the gonadotropes in the pituitary gland and re-
productive organs but have been also detected on many hu-
man tumors, such as breast, ovarian, endometrial, and prostate
cancers [57, 58]. Cloning of the mRNA for GNRHR in these
cancers demonstrated that their nucleotide sequence is identi-
cal to that of the pituitary receptor [58].

In clinical practice, LHRH analogues are used in managing
prostate cancer and premenopausal ER-positive breast cancers
and prostate carcinoma. Although their mechanism of action
is primarily attributed to sex hormones suppression, in vitro
studies on LHRH-R expressing human breast cancer cell lines
have suggested a direct anti-proliferative action of these
agents mediated by tumoral LHRH receptors [59].

In TNBC, expression of the LHRH-receptor is reported in
around 50 % of patients with no—as yet—identified impact
on the prognosis [60]. In vitro studies have shown that treat-
ment of LHRH receptor-positive TNBC cell lines MDA-MB-
231 and HCC 1806, with LHRH analogues, is associated with

growth inhibition, and apoptotic cell death with synergistic
anti-cancer effects occurred with co-administration of cisplat-
in [61]. The proliferation of both TNBC cell lines was also
significantly inhibited in vitro by the LHRH antagonist
cetrorelix [62]. Given the known safety of LHRH agonists/
antagonists, these data would suggest that targeting LHRH
receptors in combination with chemotherapy could be ready
for clinical testing.

Of note, the recent POEMS trial that tested the role of
LHRH agonist, goserelin, as a means to preserve fertility in
young breast cancer patients has shown a rather unexpected
finding of improved rates of disease-free (adjusted hazard ra-
tio, 0.49; 95 % CI, 0.24 to 0.97; p=0.04) and overall survival
(adjusted hazard ratio, 0.43; 95 % CI, 0.18 to 1.00; p=0.05) in
the goserelin group [63]. In this trial, all patients in this study
were ER-negative (85 % TNBC phenotype). The potential
favorable survival outcome with LHRH agonist in this study
may suggest a possible therapeutic effect of targeting LHRH
receptors in patients with TNBC especially when co-
administrated with chemotherapy as suggested by the previ-
ously discussed preclinical studies. This hypothesis requires
further validation.

More intriguingly, it is well known that the LHRH receptor
will react by receptor internalization following its binding to
LHRH analogues. Thus, several conjugates consisting of an
LHRH analogue linked to an antitumor agent with the aim to
deliver the cytotoxic drug directly to cancerous cells [64].

AEZS-108 (also known as AN-152) is among such cyto-
toxic hybrid molecules consisting of doxorubicin linked to an
LHRH agonist [65] (Fig. 1). Xenografts TNBC models have
shown interesting activity with no apparent adverse effects. In
the clinical setting, AEZS-108 was tested in 44 patients with
advanced LHRH receptor-positive endometrial cancers in
which it was given as a 2-h infusion of 267 mg/m2 (equimolar
to 76.8 mg/m2 of free doxorubicin) on day 1 of a 21-day cycle
[66]. The overall response rate was 23 % (including 2 CRs),
with an overall CB rate of 70 %. The median time to progres-
sion was 7 months, and the median overall survival was
15 months, with neutropenia (12 %) and leucopenia (9 %)
being the most common ≥Grade 3 toxicities reported in the
study. This highly appealing safety and efficacy profile along
with the supporting preclinical data in TNBC could open the
door for exploring this strategy in TNBC patients with LHRH
receptor expression.

Glycoprotein Non-metastatic Melanoma Protein B
(GPNMB)

GPNMB is a transmembrane protein that is expressed at high
levels in several human cancers and was shown to promote
angiogenesis, migration, invasion, and metastasis [67–69]. In
TNBC, GPNMB is overexpressed in approximately 40 % of
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patient and is associated with poor prognosis [67]. Intriguingly,
in normal cells, localization of GPNMB tends to be restricted to
intracellular compartments. In contrast, GPNMB expression in
tumor cells is enriched on the cell surface [70]. This preferential
pattern of GPNMBexpressionmakes it an attractive therapeutic
target for an antibody-based therapy. Of note, the surface
GPNMB protein is internalized on antibody binding, which is
an ideal situation for an antibody-drug conjugate approach.

Glembatumumab vedotin (GV) is an antibody-drug conju-
gate that combines a fully human monoclonal antibody
against an extracellular domain of GPNMB and a potent mi-
crotubule inhibitor mono-methyl auristatin E (MMAE) using
a cathepsin cleavable linker [71] (Fig. 1). This drug was eval-
uated in the clinical setting in which 34 heavily pretreated
breast cancer patients (median of seven prior anti-cancer reg-
imens) were investigated [72]. Thirty-three percent met the
primary endpoint, which was 12-week PFS. Two patients
had confirmed partial responses; both had GPNMB-positive
tumors. Importantly in the TNBC cohort, overall response rate
(ORR) was 20 % and PFS at 12 weeks was 60 %. In a subse-
quent phase II study, 124 patients with heavily pretreated (me-
dian number of prior lines: 6) GPNMB-expressing (>5 % by
IHC) breast cancer were randomly assigned at 2:1 ratio to
receive either GV (n=83) or investigator’s choice (IC) che-
motherapy (n=41) [73]. Thirty-one percent of patients had
TNBC. In the intent to treat analysis, no difference in ORR
was observed between both arms; however, in an unplanned
analysis in patients with TNBC, ORR was 18 % in the GV.
The difference was even more striking in patients with high
GPNMB expression (>25 %), in which ORR was 40 versus
0 %. These results were encouraging to proceed to phase 3,
which is currently underway in which 300 women with met-
astatic GPNMB-overexpressing TNBC (≥25 % of tumor epi-
thelium by central IHC) are randomized to receive GV or
capecitabine at a 2:1 ratio, with PFS as the primary end point.

Conclusions and Future Directions Towards
Improving Drug Development in TNBC

In the last few years, the advent of next generation se-
quencing technologies is changing the way cancer disease
is perceived. This technological revolution, together with
the identification of critical pathways involved in carcino-
genesis, metastasis, and drug resistance, fuels the dream
of Bpersonalized medicine,^ in which the molecular land-
scape of an individual’s cancer will inform clinical deci-
sion making, particularly the selection of Btailored^
targeted therapies. Several clinical trials in not only in
breast cancer but also in other tumors have already report-
ed results that show better outcomes for patients undergo-
ing molecular screening [74, 75]. Now, the SAFIR02 pro-
gram (NCT01414933)—a multicentric phase II random-
ized trial, using high throughput genome analysis as a
therapeutic decision tool, comparing a targeted treatment
(administered according to the identified molecular anom-
aly of the tumor) with a chemotherapy administered with-
out considering the tumor genome analysis—aims at dem-
onstrating the medical benefits of a genomic analysis
based treatment.

The main challenge in applying such approach in TNBC
is in its heterogeneity. Thus, conducting large-sized trials in
subsets within TNBC requires novel approaches to study
design and optimally international collaborations. The con-
cept of Master-protocol trials is increasingly adopted now-
adays, which allows access to different targeted agents in
parallel within independent cohorts of patients defined by
specific molecular aberrations that could predict sensitivity
to the investigational agent under assessment [76]. This
approach reduces the percentage of screening failures, as
patients with different aberrations can be enrolled in one of
the different molecularly defined cohorts. Applying such

Fig. 1 Antibody-drug conjugates
targeting luteinizing hormone-
releasing hormone (LHH) and
glycoprotein non-metastatic
melanoma protein B (GPNMB)
that are currently in clinical
development in TNBC. MMAE
monomethylauristatinE
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strategy for drug development in TNBC could have impor-
tant medical, scientific, and economic implications and
may lead to accelerated development of several agents in
this disease in the coming years.
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