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This Special Issue focuses on the molecular mechanisms involved in therapeutic
resistance, lineage plasticity, and phenotypic reprogramming leading to prostate cancer
recurrence and, ultimately, lethal disease. Over the past decade, scientists and clinicians
have teamed up to develop novel therapeutic agents for the treatment of advanced prostate
cancer, such as second-generation androgen deprivation therapy, PARP inhibitors, and ra-
dionuclide therapy [1–6]. While these treatments led to improvements in patient overall
survival, therapeutic resistance invariably develops, leading to mortality. Therefore, there is
a critical need to understand the underpinnings of acquired resistance and develop effective
therapeutic approaches for the treatment of advanced prostate cancer.

Androgen signaling is a major driver of prostate growth, prostate cancer develop-
ment, and progression; thus, the blockade of the androgen receptor (AR)/androgen axis
is effective in impairing tumor growth. Androgen deprivation therapy (ADT) and AR-
targeting agents, particularly in combination with microtubule-targeting taxane chemother-
apy, offer survival benefits in recurrent prostate cancer patients. However, most patients
eventually develop castration-refractory disease, the most lethal form of prostate cancer.
Understanding the mechanisms underlying resistance is critical to improving therapeutic
outcomes. Recent advances in next-generation sequencing technologies have allowed for
the characterization of the molecular landscape of metastatic prostate cancer leading to
important insights on the mechanisms of therapeutic resistance and tumor progression to
lethal disease [7–11]. High intratumoral heterogeneity and the presence of mixed pheno-
types reveal evolutionary dynamics and the emergence of treatment-resistant populations
which, ultimately, outcompete sensitive ones [12]. Some treatment-resistant clones emerged
as a consequence of persistent androgen receptor addiction, which is reflected by the
aberrant expression and amplification of the AR gene, de novo intraprostatic androgen pro-
duction, and cross-talk between androgen signaling and other oncogenic pathways [13–15].
Other resistant clones become insensitive to androgens through the upregulation of con-
stitutively active AR splice variants (i.e., AR-Vs) and the epigenetic reprogramming of
AR activity [16–18]. In addition, genomic alterations on tumor suppressors RB1, TP53,
and PTEN can contribute to the transition towards a resistant phenotype to antiandrogen
therapy [19,20]. An emerging and significant subtype of treatment-resistant prostate cancer,
called neuroendocrine (NEPC), is characterized by AR silencing, transcriptional repro-
gramming supporting proliferative capacity, and phenotypic switching towards stemness
features [21–25]. No therapeutic strategy is available for the treatment of NEPC and patient
outcome remains extremely poor.

Further work is needed to decipher the cascade of molecular and cellular events
mediating lineage plasticity and the establishment of treatment-resistant tumor phenotypes.
Emphasis should be given on the establishment of patient-derived xenograft models
from metastatic biopsies and genetically engineered mouse prostate cancer models that
recapitulate tumor evolution and intratumoral heterogeneity. Furthermore, a deep and
comprehensive molecular profiling of metastatic tumors at different stages of the disease
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will be critical to understand the temporal and spatial determinants of treatment resistance.
Molecular subtyping of metastatic castration-refractory prostate cancer will help treatment
decision making and the identification of therapeutic vulnerabilities for drug discovery [9].
Given that a multiregional and longitudinal tumor biopsy can be very challenging for
metastatic patients, it is anticipated that liquid biopsy (ctDNA, CTC, and extracellular
vesicles) will become a preferred alternative to capture tumor heterogeneity and monitor
lineage plasticity and treatment resistance in real time [26,27].
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