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Breast cancer, the most common malignancy in women, be-
gins as a local disease and later metastasizes to the lymph
nodes and multiple vital organs, such as the lung, liver, bone,
and brain.Metastatic, or stage IV breast cancers, have a 5-year
survival rate of about 22%. Despite great efforts in biomedical
research into breast cancer, metastasis and therapy resistance
remain major obstacles in ending breast cancer and breast
cancer-related death and suffering. In this thematic tissue of
cancer and metastasis reviews, we bring to our readers a panel
of experts who are highlighting the recent advances in breast
cancer research and treatment.

Three reviews elaborate on the current state of breast
cancer treatment. Hortobagyi et al. review the incidence,
survival, heterogeneity, current practice, and challenges in
metastatic breast cancer. As breast medical oncologists,
they provide insights into a number of clinical challenges,
including emergence of resistance, subacute and chronic
toxicities, lack of access, lack of information, cost, lack of
robust biomarkers and biomarker-informed trials, chal-
lenges in conventional biopsy, challenges in large data
analysis, challenges in target and trial prioritization, and
limited number of translational researchers. These insights
set the basis of future directions for breast medical oncol-
ogists and clinical investigators.

Physician scientist Arteaga and colleagues focus their dis-
cussion on the PI3K-AKT-mTOR pathway, an excellent ex-
ample that links the molecular basis of cancer to the develop-

ment of targeted therapies. Sixty percent of breast tumors car-
ry genetic alterations that activate this pathway. As discussed
in this review, inhibitors targeting PI3K, AKT, and mTOR are
in clinical development, but they face many challenges such
as the lack of predictive biomarkers, effective combination
treatment to overcome resistance, and approaches to minimize
toxicity.

Tang et al. update immunotherapy, which has shown great
promise in solid tumors including melanoma and non-small
cell lung cancer with an evolving role in breast cancer. They
review the strategies of immunotherapy, recent research prog-
ress, ongoing clinical trials, biomarkers, and future directions.

On behalf of the Breast Cancer Patient-derived
Xenograft (PDX) Consortium, Lewis, Wicha, Welm,
Visvader, Reis-Filho, Piwnica-Worms, Meric-Bernstam,
Ellis, Brisken et al. summarize the experiences and data
from more than 500 stably transplantable PDX models
representing all three clinical subtypes of breast cancer.
They discuss the progress, unresolved questions, and
current limitations in using PDX models as surrogates
of individual breast cancer patients for pre-clinical and
co-clinical research and drug testing.

Three reviews address breast cancer cell-intrinsic mecha-
nisms and the breast tumor microenvironment. Small mole-
cule inhibitors and monoclonal antibodies against receptor
tyrosine kinases (RTKs) have demonstrated efficacy in
treating cancers. Hung et al. summarize the role of HER2,
EGFR, and other RTKs in breast cancer and describe mecha-
nisms of resistance to targeted therapies against RTKs.

Ma et al. propose that targeting certain deubiquitinating
enzymes (DUBs or deubiquitinases) could lead to destabiliza-
tion or functional inactivation of some non-druggable cancer-
promoting proteins, which will benefit patients whose cancers
are driven by these proteins, including breast cancer patients.
They review the role and mechanisms of action of DUBs in
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breast cancer and discuss the efforts and potential of targeting
DUBs for cancer treatment.

Zhang et al. discuss the complex nature of tumor microen-
vironment, focusing on the cellular and functional heteroge-
neity among tumor-associated myeloid cells as well as the
immune microenvironment heterogeneity in the context of a
full spectrum of human breast cancers. They underscore that
tumor-associated myeloid cells, which constitute an essential
part of the immune microenvironment, co-evolve with the
genetic heterogeneity of the tumor.

Finally, five reviews focus on breast cancer metastasis re-
search. Kang et al. delineate the role of cell lineage determi-
nants, illustrating how breast cancer cells hijack developmen-
tal programs to become metastatic. They discuss examples of
cell fate regulators that normally promote stem/progenitor cell
properties and can drive epithelial-mesenchymal transition
(EMT) and metastasis, as well as regulators that promote ter-
minal differentiation and can inhibit metastasis.

Weinberg and Chaffer et al. discuss the recent insights into
the role of EMTand cancer cell plasticity in tumor metastasis.
They note that cancer cells can transition dynamically be-
tween the epithelial, partial EMT, and mesenchymal states,
and that such epithelial-mesenchymal plasticity endows can-
cer cells with tumor-initiating potential, therapeutic resistance,
and metastatic ability.

Weaver et al. review the contribution of extracellular matrix
(ECM) to breast cancer progression, metastasis, and treatment

resistance, and discuss potential therapeutic strategies
targeting the ECM. In particular, they highlight that increased
ECM rigidity leads to altered mechanosignaling, a modified
vascular landscape, and pro-tumorigenic immune infiltration;
all of which can facilitate the invasion-metastasis cascade.

Wang et al. provide a timely review of the roles of cancer-
secreted extracellular vesicles, such as exosomes, in breast
cancer metastasis, including communicating with neighbor
cells in the primary tumor, preparing the pre-metastatic niche,
escaping from the immune system, angiogenesis, and cancer
metabolism. In addition, they discuss how breast cancer cells
secrete exosomes and the potential implication of these
exosomes in breast cancer treatment.

Yu et al. address a historically understudied area in cancer
research, brain metastasis. They review new animal models,
novel imaging technologies, omics Bbig data^ resources, and
the emerging molecular players in breast cancer brain
metastasis.

With the continued efforts from basic, translational, and
clinical researchers, we hope that we can continue to push
the field forward and further advance our understanding of
how breast cancer cells acquire metastatic ability and how
they can be targeted; such advance in basic science holds great
promise for the future of breast cancer medicine.
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