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Molecular Mechanisms and
Emerging Therapeutic Targets
of Triple-Negative Breast Cancer
Metastasis
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Breast cancer represents a highly heterogeneocus disease comprised by several
subtypes with distinct histological features, underlying molecular etiology and clinical
behaviors. It is widely accepted that triple-negative breast cancer (TNBC) is one of the
most aggressive subtypes, often associated with poor patient outcome due to the
development of metastases in secondary organs, such as the lungs, brain, and bone.
The molecular complexity of the metastatic process in combination with the lack of
effective targeted theraples for TNBC metastasis have fostered significant research
efforts during the past few years to identify molecular “drivers” of this lethal cascade. In
this review, the most current and important findings on TNBC metastasis, as well as its
closely associated basal-like subtype, including metastasis-promoting or suppressor
genes and aberrantly regulated signaling pathways at specific stages of the metastatic
cascade are being discussed. Finally, the most promising therapeutic approaches
and novel strategies emerging from these molecular targets that could potentially be
clinically applied in the near future are being highlighted.

Keywords: triple-negative breast cancer, metastasis, targeted therapy, tumor microenvironment, dormancy

Primary Metastatic [y !-4!__
tumor tumor -

L) Breast cancer cell

‘ Mesenchymal-like
breast cancer cell
SRS Fibroblast

Escaping dorman I
pig o [Ta) Macrophage

MET *
p P Platelet

= Blood vessel

Blood vessel

focsl imns!onf s:r::::‘:: Extravasation Meta.slzflc Organ
ANGPTLZ, CDCP1, | TRKB, ANGPTLZ, ANGPTLA, | LDH, PCDH7,
COX2,CXCL12, CXCR4, | VCAM1 CDCP1, COX2, CX43, SERPINS
EREG,FSCN, IRAK1, CXCL12, CXCR4,EREG,
MAFK, MLK3, NOS, FSCN, IRAK1,
NOTCH1/2, OPN, ILL3Ruz, MAFK,
PKCA/i, PML, PTKS, . I CDCP1, CXCL1/2,
RADS1, RAGE,RANKL, NOTCH1/2, PKCAi, | cvRé1, FGFR, ID1,
SLUG, SNAIL, SPRY1, PML, RADS1, RAGE, | |n3, MYOF, AR,
TGFB1, TWIST, RANKL, STEGALNACS, | posTN, RAGE, 4 A
WAVES, WNT1, TGFB1, WAVE3, $100A7, TGFB1, k7 )
ANp63, FOXF2, LIFR, WYL A6, TNG, VCAM1, | u
TP63, RAB1B, S5BP1, FOXFZ, LIFR, TP63, | wNT1, LIFR, SDPR, R S
TXNIP RAB1B, SHARP1, TXNIP
SSBPL, TIEGL, TXNIP [

LPA, PTHrP,

RANKL, TGFB1,

VCAM, WNT1

FIGURE 1 | A model for the molecular basis of triple-negatve breast cancer. During local invasion and intravasation, an epithelial-to-mesenchymal transition (EMT)
transecriptional program is initiated along with the activation of matrix metalloproteases and pro-migratory signaling. Upon entering the circulation, breast cancer
oells can interact with platelets, enable pro-sunvival pathways to suppress anoikis, and resist apoptotic signals, Then, migrated cancer cells extravasate through the
endothelial blood vessel wall to a secondary organ where they enter a prolonged domant state by forming micror Finally, the activation of m i
«colonizing genes and the interaction with the local microenvironment create permissive conditions for macrometastatic outgrowth. Red: metastasis promoters,
green: metastasis suppressars.
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Abstract: One of the most feared sequelae after a diagnosis of advanced breast cancer is development of

metastases to the brain as this diagnosis can affect physical function, independence, relationships, quality of

life, personality, and ultimately one’s sense of self. The propensity to develop breast cancer brain metastases

(BCBMs) varies by subtype, occurring in up to one half of those with triple negative breast cancer (TNBC),

approximately a third of HER+ breast cancers and 14% in hormone positive discase. Median survival after
BCEM diagnosis can be as short as 5 months in TNBC and 10-18 months in the other subtypes. Here,

we review the biology of BCBMs and how it informs the rational design of new therapeutic approaches

and agents. We discuss application of novel targeted and immunotherapies by breast cancer subtype. It is

noteworthy that there are no U.S. Food and Drug Administration (FDA)-approved treatments specifically

for BCBMs currently. Nevertheless, there are legidmate grounds for hope as patients with BCBEMs are now

being included in clinical trials of systemic therapies and a better understanding of the biology and genetic

underpinning of BCBMs is driving an increased range of options for patients.
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Table 3 Selected on-going clinical trials for triple negative hreast cancer

ClinicalTrials.gov

Class Experimental arm(s) Control arm Status i i
identifier
PARP (I} Qlaparib + carboplatin; Naone (Phase I) Active, not NCTOD516724
() olaparib + paclitaxel; recruiting
(I} olaparib + carboplatin + paclitaxel
Talazoparib (BMN-673) +carboplatin + None (Phase |) Active, not NCT02358200
paclitaxel recruiting
Talazoparib (BMN 673) monotherapy Physician's choice: capecitabine, eribulin,  Active, not NCT01945775
gemcitabine or vinorelbine (Phase [II) recruiting
Cisplatin + veliparib Cisplatin + placebo (Phase Il Recruiting NCT02595905
Rucaparib (in patients with a BRGAness  None (Phase II) Recruiting NCT02505048
genomic signature)
PARP + mAb  Niraparib + pembrolizumab None (Phase I/11) Recruiting NCT02657889
Vo
mAb 1/0 Atezolizumab and paclitaxel Placebo and paclitaxel (Phase Ill) Recruiting NCT03125902
Atezolizumab + pegylated liposomal Placebo + pegylated liposomal Recruiting NCTO03164993
doxorubicin + cyclophosphamide doxorubicin + cyclophosphamide
Pembrolizumab monotherapy Physician’s choice: capecitabine, eribulin, Active, not NCT02555657
gemcitabine, or vinorelbine (Phase I} recruiting
{l) Pembrolizumab + nab-paclitaxel; {l) Placebo + nab-paclitaxel; (ll) placebo Recruiting NCT02819518

() Pembrolizumab + paclitaxel;
{lll) Pembrolizumab + gemcitabine/
carboplatin

+ paclitaxel; (Ill) placebo + gemcitabine/
carboplatin (Phase Il

PARP, poly(ADP-ribose) polymerase; maAb, monoclonal antibody; /0, immunotherapy.
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