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Background: Recent efforts of genome-wide gene expression profiling analyses have improved our understanding of the
biological complexity and diversity of triple-negative breast cancers (TNBCs) reporting, at least six different molecular subtypes of
TNBC namely Basal-like 1 (BL1), basal-like 2 (BL2), immunomodulatory (IM), mesenchymal (M), mesenchymal stem-like (MSL) and
luminal androgen receptor (LAR). However, little is known regarding the potential driving molecular events within each subtype,
their difference in survival and response to therapy. Further insight into the underlying genomic alterations is therefore needed.

Patients and methods: This study was carried out using copy-number aberrations, somatic mutations and gene expression
data derived from the Molecular Taxonomy of Breast Cancer International Consortium (METABRIC) and The Cancer Genome
Atlas. TNBC samples (n = 550) were classified according to Lehmann’s molecular subtypes using the TNBCtype online subtyping

tool (http://cbc.mc.vanderbiltedu/tnbc/).

Results: Each subtype showed significant clinic-pathological characteristic differences. Using a multivariate model, IM subtype
showed to be associated with a better prognosis (HR = 0.68; Cl = 0.46-0.99; P = 0.043) whereas LAR subtype was associated
with a worst prognosis (HR = 1.47; Cl = 1.0-2.14; P=0.046). BL1 subtype was found to be most genomically instable subtype
with high TP53 mutation (92%) and copy-number deletion in genes involved in DNA repair mechanism (BRCA2, MDM?2, PTEN,
RBT and TP53). LAR tumours were associated with higher mutational burden with significantly enriched mutations in PI3KCA
(55%), AKTT (13%) and CDH1 (13%) genes. M and MSL subtypes were associated with higher signature score for angiogenesis.
Finally, IM showed high expression levels of immune signatures and check-point inhibitor genes such as PD1, PDLT and CTLA4.

Conclusion: Our findings highlight for the first time the substantial genomic heterogeneity that characterize TNBC molecular
subtypes, allowing for a better understanding of the disease biology as well as the identification of several candidate targets
paving novel approaches for the development of anticancer therapeutics for TNBC.
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Introduction

Triple-negative breast cancer (TNBC), defined by the lack of ex-
pression of estrogen receptor (ER) and progesterone receptor (PR)
and the absence of HER2 overexpression and amplification, repre-
sents ~10%-20% [1] of all breast cancers. TNBCs overall portend
worse prognosis compared with other types of breast cancer with
increased likelihood of early distant recurrence and death [1].
Beyond PAM50-based classification, recent efforts of genome-wide

profiling have led to the recognition of six stable molecular sub-
types of TNBC as described by Lehmann et al. [2] namely basal-like
1 (BL1), basal-like 2 (BL2), immunomodulatory (IM), luminal an-
drogen receptor (LAR), mesenchymal (M) and mesenchymal
stem-like (MSL). A more recent and partially overlapping classifi-
cation segregated TNBC into four subtypes: basal-like/immune-
suppressed (BLIS), basal-like/immune activated (BLIA), LAR and
mesenchymal (MES) [3]. In a retrospective study, Masuda et al. [4]
have examined the relationship between pathological complete
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response (pCR) and clinical outcome by TNBC subtypes using
both PAMS50 and Lehmann’s classification and found the latter to
be a better predictor of pCR [5]. While Masuda’s study is limited
by its small size and retrospective nature, it raises important con-
siderations for the potential use of molecular subtyping to better
decipher the clinical heterogeneity of TNBC.

Based on these data and in view of the limited clinical benefit
with targeted therapies in unselected TNBC patients, there has
been a research impetus towards optimizing treatment through
molecular subtyping [6]. Little is known about the potential driv-
ing molecular events within each subtype and further insight into
their underlying genomic alterations is needed. TNBCs are sig-
nificantly associated with BRCAI germline mutations and high
levels of genomic instability, TP53 (82%) and PIK3CA (10%)
being the two most frequently mutated somatic genes [7]. In
TNBCs where actionable somatic mutations constitute low-
frequency events [2, 7], mutational analyses in the context of dif-
ferent molecular subtypes are essential to determine whether
subtype-specific therapies can be considered. Moreover, despite
the large number of past and ongoing clinical trials [8] investigat-
ing therapeutic targets in TNBC, chemotherapy still is the only
standard treatment option for those patients.

Here, we aimed to study the genomic aberrations that drive
each of the TNBC molecular subtypes as defined by Lehmann
et al. by applying an integrative analysis combining somatic mu-
tation, copy number aberrations (CNAs) and gene expression
profiles of 550 TNBC derived from Molecular Taxonomy of
Breast Cancer International Consortium (METABRIC) [9] and
the The Cancer Genome Atlas (TCGA) [10] consortia. To our
knowledge, this is the largest study that aims to in depth charac-
terize TNBC subtype-specific alterations, with the ultimate goal
to provide novel genomic-driven therapeutic strategies.

Materials and methods

Datasets

Bioinformatic analyses were carried out on publicly available transcrip-
tomic and genomic data including normalized gene expression, somatic
mutation calling and segmented copy-number data from 355 and 195
TNBC samples from the Molecular Taxonomy of Breast Cancer
International Consortium (METABRIC) [9] and The Cancer Genome
Atlas Consortium (TCGA) [10], respectively. The types of omics data
available for each patient are described in supplementary Table S1, avail-
able at Annals of Oncology online.

Additional information on the bioinformatics methods used in this
analysis is provided in supplementary methods. All statistical analyses
were carried out using R (version 3.4.0). P-Values were corrected for
multi-testing using the Benjamini—Hochberg false discovery rate (FDR).
Statistical tests were considered significant if FDR < 0.05.

Results

Reproducibility of Lehmann’s TNBC classification in
the METABRIC series

We first sought to reproduce Lehmann’s classification by apply-
ing his methods on the 550 TNBC samples (~18%) from the
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METABRIC and TCGA datasets. In particular, we assessed
whether we could generate similar TNBC subtypes using un-
supervised k-means consensus clustering (supplementary Figure
S1A-H, available at Annals of Oncology online). The optimal
number of clusters based on the area under the curve of the con-
sensus distribution function (CDF) plot was found to be 5 (sup-
plementary Figure S1E and I, available at Annals of Oncology
online). Consistently with Lehmann’s classification, the contin-
gency tables showed the best global agreement (69%) as well as
the best Cohen kappa value (k =0.52) for k=5 (supplementary
Figure S2, available at Annals of Oncology online).

As shown in supplementary Figures SIE and S2, available at
Annals of Oncology online, the BL1, IM, LAR, M and MSL sam-
ples overall clustered with samples from the same subtype. Of
note, BL1 and M samples predominantly clustered together but
also to a minor extent with samples from other subtypes. In con-
trast, BL2 and UNS subtypes appeared less reproducible since
they were clustered non-specifically. Based on those results, we
opted to remove the BL2 subtype and to re-assign BL2 samples to
the second highest significant correlated centroid (supplemen-
tary Figures S2E and Table S2, available at Annals of Oncology on-
line). BL2 samples were reclassified as LAR (19%), IM (15%), M
(11%) and MSL (11%). After BL2 subtype removal, UNS samples
were reclassified as LAR (13%), MSL (6%), BL1 (3%), IM (3%)
and M (3%). Of note, 21 samples from the BL2 subtype and 44
samples from the UNS subtype remained unclassified and were
removed from further analyses (supplementary Figure S2F, avail-
able at Annals of Oncology online). Of the 485 remaining samples
(supplementary Figures S3A, available at Annals of Oncology on-
line), 122 were classified as BL1 (25%), 119 as IM (25%), 102 as
M (21%), 77 as LAR (16%) and 65 as MSL (13%).

Our results support the presence of five stable TNBC subtypes
at the transcriptional level, namely the BL1, IM, LAR, M and
MSL, which will be further investigated in the present analysis.

TNBC molecular subtypes are associated with
different clinic-pathological variables and clinical
outcome

We then assessed the distribution of the intrinsic molecular
(PAM50) subtypes [10] within the whole TNBC cohort and
within each of the five stable TNBC molecular subtypes using the
PAMS50 classifier. As expected, the majority of the samples were
classified as basal-like (76%), followed by HER2-enriched (15%),
normal-like (5%) and luminal A and B (2%) tumours (supple-
mentary Figure S3B, available at Annals of Oncology online).
When considering specific subtypes, BL1, IM and M samples
were almost entirely composed of basal-like tumours whereas the
LAR and MSL subtypes were composed of 75% of HER2-
enriched and 28% of normal-like tumours, respectively (supple-
mentary Figure S3C, available at Annals of Oncology online).

We also investigated the associations between classical clinic-
pathological characteristics and TNBC molecular subtypes using
two-sided Fisher tests. As shown in Table 1, the BLI subtype was
enriched with younger patients, whereas the LAR subtype was en-
riched with older patients. The BL1, IM and M subtypes were en-
riched with high grade tumours whereas the LAR and MSL
subtypes were predominantly associated with low grade tumours.
Although this cohort was mostly represented by invasive ductal
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Table 1. Patient and tumour clinic-pathological characteristics within each TNBC molecular subtype

Number of samples ALL (%) BL1 (%) 1M (%) LAR (%) M (%) MSL (%) FDR
485 (100) 122 (25) 119 (25) 77 (16) 102 (21) 65 (13)
Age (years old)
<45 106 (22) 40 (33) 30 (25) 5(8) 18 (18) 13 (20) <0.001
>45 378 (78) 82 (67) 89 (75) 71 (92) 84 (82) 52 (80) <0.001
Tumour size (cm)
<2 173 (36) 41 (34) 44 (37) 25 (33) 28 (27) 35 (54) 0.018
>2 307 (63) 79 (65) 74 (62) 52 (67) 72 (71) 30 (46) 0.033
Unknown 5(1) 2(2) 1(1) 0(0) 2(2) 0(0) NS
Nodal status
Positive 228 (47) 63 (52) 60 (50) 39 (51) 35 (34) 31 (48) 0.074
Negative 257 (53) 59 (48) 59 (50) 38 (49) 67 (66) 34 (52) 0.074
Grade
1711 65 (13) 2(2) 8 (7) 19 (25) 13 (13) 23 (35) <0.001
1l 407 (84) 119 (97) 109 (92) 58 (75) 88 (86) 33 (51) <0.001
Unknown 14 (3) 1(1) 2(1) 0(0) 1(1) 9 (14) <0.001
Histological type
IDC 406 (84) 111 (91) 97 (81) 67 (87) 90 (88) 41 (63) <0.001
ILC 17 3) 1(1) 22 8 (10) 1(1) 5(8) 0.001
MED 28 (6) 6 (5) 18 (15) 2(3) 1(1) 12 <0.001
OTHER 33(7) 4(3) 2(2) 0(0) 9(9) 18 (28) <0.001

NS, not significant.

carcinomas (84%), the LAR and IM subtypes were enriched with
invasive lobular and invasive medullary carcinomas (supplemen-
tary Figure S3D and E, available at Annals of Oncology online).

Finally, we assessed whether molecular subtypes were associ-
ated with distinct clinical outcome. Using a Cox proportional
hazards regression model, the PAM50 classification was found to
be significantly associated with overall survival (supplementary
Figure S3F and G, available at Annals of Oncology online), with
HER2-E subtype showing the worse prognosis (HR=1.56;
CI=1.07-2.26; P=10.02). The LAR subtype showed a worse out-
come in the univariate (HR = 1.5; CI = 1.04-2.17; P=0.031) and
the multivariate (HR =1.47; CI=1.0-2.14; P=0.046) analysis
whereas the IM subtype was significantly associated with a better
prognosis (HR =0.68; CI=0.46-0.99; P=0.043) in the multi-
variate analysis (supplementary Figure S3H and I, available at
Annals of Oncology online).

These results demonstrate the presence of a substantial clinic-
pathological heterogeneity and a distinct clinical behaviour that
characterize TNBC molecular subtypes.

TNBC molecular subtypes exhibit heterogeneous
mutational profiles

To gain more insight into the potential genomic abnormalities
that drive this heterogeneity, we assessed the mutational profiles
characterizing each of the TNBC molecular subtypes derived
from targeted and whole exome sequencing. As previously
described [10, 11], sequencing data were available for 447 out of
the 485 (92%) TNBC tumours samples (supplementary Table S1,
available at Annals of Oncology online) allowing the identification
of 2273 somatic mutations comprising 1994 point mutations and

279 small insertions/deletions (indels). No statistically significant
differences were observed regarding the type of nucleotide substi-
tutions (supplementary Figure S4A, available at Annals of
Oncology online) nor effect on protein sequence (supplementary
Figure S4B, available at Annals of Oncology online) between
TNBC molecular subtypes. In contrast, we observed differences
in terms of mutational burden. With an overall median of four
exonic mutations per tumour (IQ = 3-6) (supplementary Figure
S4C, available at Annals of Oncology online), the LAR subtype was
characterized by a significantly higher mutational burden
(FDR =0.03) whereas the MSL was characterized by a signifi-
cantly lower mutational burden (FDR =0.012).

TP53 (81%), MUCI6 (21%) and PIK3CA (20%) were the most
frequently mutated genes in exonic regions for the global TNBC
cohort (Figure 1) with the BL1 subtype showing the highest rate of
TP53 mutations (92%; FDR = 0.039). Of interest, the LAR subtype
showed the most distinct mutational profile when compared with
other subtypes with enrichment of mutations in PIK3CA (55%;
FDR=6.8 x 10~ '*), KMT2C (19%; FDR =0.023), CDHI (13%;
FDR=2.1 x 10™*), NFI (13%; FDR=0.027) and AKTI (13%;
FDR =1.1 x 10"?) genes. Consistently, AKTI and CDHI muta-
tions were significantly associated with higher and lower mRNA
expression levels, respectively (supplementary Figure S4D and E,
available at Annals of Oncology online). Several of these mutations
affected genes involved in specific KEGG signalling pathways
across TNBC subtypes (supplementary Figure S4F, available at
Annals of Oncology online).

These results highlight the presence of a substantial heterogen-
eity at the mutational level characterizing each of the TNBC mo-
lecular subtype with potential clinical implications.
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Figure 1. Mutational landscape of TNBC molecular subtypes. Frequencies of mutations across each TNBC molecular subtype according to

the different types of mutations. Only genes mutated at a frequency >1

(FDR < 0.05) are shown in red (right panel).

TNBC molecular subtypes display distinct genomic
instability

Since TNBC tumours are known to be associated with instable
genomes [10], we investigated chromosomal instability (CIN) as
defined by the percentage of the genome affected by CNAs ac-
cording to hormonal status (supplementary Figure S5A, available
at Annals of Oncology online), PAMS50 classification (supplemen-
tary Figure S5B, available at Annals of Oncology online) and
within TNBC molecular subtypes (supplementary Figure S5C,
available at Annals of Oncology online). As expected, ER—/
HER2— as well as basal-like cancers displayed higher CIN scores
when compared with the other subtypes (median CIN = 0.52 ver-
sus 0.28 for ER—/HER2— and 0.58 versus 0.28 for basal-like
breast cancer; for both P< 1071°). Among the TNBC subtypes,
BL1 and M tumours were the ones displaying a significantly
higher median CIN scores (supplementary Figure S5D, available
at Annals of Oncology online).

We also examined the frequency of CNAs in 32 known breast can-
cer copy number driver genes [12] in the whole TNBC cohort and
across all molecular subtypes. MYC (64%), PIK3CA (51%) and
CDK6 (39%) appeared to be the most frequently gained/amplified
genes whereas MAP2K4 (55%), TP53 (55%) and NCORI (54%)
were most frequently subject to hemizygous (HETD) or homozy-
gous deletion (HOMD) across the whole TNBC cohort (Figure 2).
BL1 subtype showed the highest number of CNAs (Figures 2 and 3A;
supplementary Figure S6, available at Annals of Oncology online)
with  high  gain/amplification  levels  involving ~ MYC
(FDR=2.1x10""), PIK3CA (FDR=35x10"°), CDK6
(FDR=0.012), AKT2 (FDR=1.6x 10" *), KRAS (FDR=0.01),
FGFRI (FDR=4.6 x 10°), IGFIR (FDR=5.9x 10~*), CCNEI

0% in at least one subtype are displayed. Significant differences

(FDR=59%10"* and CDKN2A/B (FDR=5.6x10"" and
7.5 x 107°) genes, as well as the highest frequency of HETD/HOMD
in genes linked with DNA repair such as BRCA2 (FDR = 0.019),
PTEN (FDR=0.019), MDM2 (FDR=39x10"%), RBI
(FDR = 0.042) and TP53 (FDR = 0.025). The LAR subtype was sig-
nificantly associated with higher gain/amplification levels for EGFR
(FDR=1.9 x 10~°) and AKTI (FDR=7.9 x 10~ %), as well as high
frequency of HETD/HOMD for CCND3 (FDR=4.7 x 107°),
AKT2 (FDR=9.8 x 10°), ESRI (FDR=4.7 x 10~°), CDKN2A/B
(FDR=3.5x 10~ and 4.6 x 10*), SMAD4 (FDR=2.0 x 10),
NFI (FDR=0.047), NCORI (FDR=12x10"%, TP53
(FDR=7.2x10"°) and MAP2K4 (FDR=85x 10"°) genes.
Finally, the M subtype was significantly associated with higher fre-
quency gain/amplification levels for DNMT3A (FDR = 0.036) and
TP53 (FDR = 0.034), as well as high frequency of HETD/HOMD for
PDGFRA (FDR = 0.037), RBI (FDR=9.8 x 10 °) and MAP3K1I
(FDR=2.7 x 1072).

Similarly, to previous results, TNBC subtypes are characterized
by distinct CNA profiles, notably in specific driver cancer genes,
providing the basis for future genomic-driven targeted therapies.

Different biological processes characterize TNBC
subtypes according to hallmarks of cancer

Here, we sought to assess the biological processes driving each
TNBC molecular subtype according to the Hallmarks of Cancer
[13]. For this purpose, we computed specific meta-gene signa-
tures associated with the 10 previously reported hallmarks of
Cancer using 270 Reactome signatures [14] (Figure 3B). Of inter-
est, the BL1 subtype was significantly associated with Genome
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Figure 2. Genomic instability within each TNBC molecular subtype. CNA frequencies for the 32 breast cancer copy number driver genes
across each TNBC molecular subtype. Significant differences (FDR < 5%, one-sided Fisher test) are shown with an asterisk.

Instability and Mutation biological process (FDR = 1.3 x 10~ ')
whereas the IM subtype was significantly associated with Avoiding
Immune Destruction process (FDR=2.6 x 107*) and Tumour-
Promoting Inflammation (FDR = 2.7 x 10~ %) processes. The M
subtype was associated with Inducing Angiogenesis (FDR=
1.7 x 10?) whereas the MSL subtype was significantly associated
with Activating Invasion and Metastasis (FDR = 4.3 x 107°%) and
Inducing Angiogenesis (FDR = 2.6 x 10™) processes. The LAR sub-
type was not enriched in any of the signatures.

Discussion

In this study, we carried out an integrative in silico analysis using
publicly available datasets in order to emphasize the degree of
TNBC heterogeneity at the gene expression, mutational and CNA
levels. We were able to globally reproduce Lehmann’s [2] TNBC
classification with BL1, IM, LAR, M and MSL being the more sta-
ble subtypes. In particular, we showed that TNBC could be parti-
tioned into five stable transcriptional subtypes with ~25% being

BLI, 25% IM, 16% LAR, 21% M and 13% MSL. Of note, the lack
of reproducibility regarding BL2 and UNS subtypes has already
been observed in other studies [4, 15].

We furthermore showed that TNBC molecular subtypes dis-
played distinct clinic-pathological characteristics, PAM50 and
histotype distribution as well as overall survival. As already re-
ported (7], BL1, IM and M tumours were classified as basal-like
tumours whereas a substantial proportion of LAR and MSL tu-
mours were classified as HER2-enriched and normal-like, re-
spectively. Of interest, LAR tumours were associated with higher
mutational burden with significantly enriched mutations clus-
tered in the PI3K pathway and MSL tumours were the ones show-
ing the lowest mutational load that could partially explain their
pertaining to HER2-enriched and normal-like subtypes by
PAMS50, respectively.

Although this TNBC series was mostly represented by invasive
ductal carcinomas, we did observe some differences with the LAR
and IM subtypes being enriched with invasive lobular and medul-
lary carcinomas, respectively. Similarly to LAR tumours, lobular
cancers harbour high mutation frequency in PIK3CA, AKT1 and
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Figure 3. Altered signalling pathways and deregulated hallmarks of cancer signatures within each TNBC molecular subtype. (A) Genomic
and transcriptomic alterations profiles involving PDGF/VEGF and PI(3)K/RTK/RAS signalling pathway. Copy-number frequency is reported for
each TNBC molecular subtype inside each box. Copy number gain frequency is presented in red while copy number losses are in blue.
Differences in mRNA expression were tested using one-sided Wilcoxon Rank Sum test with P-values corrected for multi-testing. Significant
mRNA upregulation and downregulation were displayed using, respectively, red and blue triangles. Somatic mutation frequency is reported,
when available, on top of each TNBC molecular subtype. (B) Heatmap of the 10 Hallmarks of cancer meta-gene signature scores for the
TNBC molecular subtypes. Differences were reported using one-sided Wilcoxon Rank Sum test with P-values corrected for multi-testing.
Significant differences were reported for FDR lower than 5% (significant up-regulation are displayed in black and down-regulated in white).
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CDHI genes [16] whereas medullary breast cancers, like IM tu-
mours, are enriched with tumour infiltrating lymphocytes which
are captured by high expression levels of immune check point
genes and immune response signatures [17].

Moreover, we found specific differences in mutational and
copy number profiles characterizing each TNBC molecular sub-
type offering novel therapeutic avenues for TNBC patients. For
instance, we demonstrated that BL1 tumours were characterized
by high genomic instability, high copy number losses for TP53,
BRCA1/2 and RBI genes, as well as high copy number gains for
PPARI gene (supplementary Figure S6A, available at Annals of
Oncology online) supporting the notion that these tumours may
be sensitive to PARP inhibitors. In addition, they may also be po-
tential candidates for MEK1/2 inhibitors since 90% of BL1 tu-
mours displayed copy number gains for KRAS, NRAS and BRAF
with significant mRNA overexpression of the corresponding
genes (Figures 2 and 3A). Finally, a high proportion of BL1 may
also benefit from PI3K/AKT inhibitors since they showed a high
frequency of PIK3CA copy number gains with significant overex-
pression of PIK3CA, AKT2 and AKT3 genes (Figures 2 and 3A).

We also demonstrated that LAR and MSL tumours retained
RBI while showing significantly lower CDK4 and CDK6 mRNA
expression level (supplementary Figure S6B, available at Annals
of Oncology online). Since RB1, CDK4 and CDK6 expression was
shown to be associated with response to CDK4/6 inhibitors [18],
patients diagnosed with LAR and MSL tumours may be potential
candidates to CDK4/6 inhibitors. Moreover, 75% of LAR tu-
mours exhibited somatic mutations in PI3K signalling pathway
(Figures 1 and 3A), suggesting a potential benefit to PI3K and
AKT inhibitors as previously reported in preclinical models [19].

Despite being genetically more stable, MSL tumours showed an
overexpression of the “Inducing Angiogenesis” hallmark together
with a significant mRNA overexpression of PDGFR and VEGFR
that may drive MSL tumorigenesis supporting that these tumours
may derive benefit from an antiangiogenic therapy (Figure 3A and
B) in contrast to unselected TNBC population [20].

EGFR and Notch signalling pathways were found to be enriched
in M subtype, with high level of mRNA expression for EGFR
(Figure 3A) and NOTCH1, NOTCH3 (supplementary Figure S6C,
available at Annals of Oncology online) suggesting that targeting
EGFR and Notch pathways may be an option for these tumours.
Similarly to anti-VEGF inhibitors, EGFR inhibitors failed to dem-
onstrate a survival advantage in unselected TNBC [21].

What differentiated IM to other TNBC subtypes was the pres-
ence of high expression levels of immune related signatures as
well as high mRNA expression levels of immune check point in-
hibitor genes such as PDI, PDLI and CTLA4 (supplementary
Figure S6D, available at Annals of Oncology online) supporting
the notion that these tumours may mostly benefit from check-
point inhibitors.

Finally, MYC was the most frequently gained/amplified gene in
almost all TNBC subtypes but MSL, in association with a signifi-
cant mRNA overexpression in the BL1 and M subtypes (supple-
mentary Figure S6E and F, available at Annals of Oncology online).
It has been recently shown that selective inhibition of CDK1/2 [22]
and spliceosomal core component BUD31 [23] was found to in-
duce synthetic lethal mortality in MYC overexpressing TNBC tu-
mours suggesting a potential benefit of inhibiting CDK1/2 and the
spliceosome, in particular in the BL1 and M subtypes.

In conclusion, our findings highlight for the first time the sub-
stantial biological heterogeneity that characterize TNBC molecu-
lar subtypes at the somatic mutation, copy number and gene
expression levels, allowing the identification of several candidate
targets paving novel approaches for the development of
anticancer therapeutics for TNBC.
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