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Time-Dependent Endocrine Signaling as a Modifiable
Therapeutic Variable in Advanced Prostate Cancer

Dear Editor,

Prostate cancer remains one of the most therapeutically challenging malignancies in male
oncology, largely due to the development of resistance to androgen deprivation therapy
(ADT) and next-generation androgen receptor signaling inhibitors (ARSi), including abi-
raterone, apalutamide, darolutamide, and enzalutamide. While substantial progress has been
made in elucidating molecular drivers of therapeutic escape, the prevailing clinical paradigm
continues to treat ADT and AR-targeted agents as time-independent interventions, implic-
itly assuming uniform pharmacodynamic efficiency regardless of the biological timing of
administration.’

This perspective challenges that assumption. Emerging evidence from endocrine physiol-
ogy, circadian biology, and translational oncology suggests that time of day represents a
modifiable therapeutic variable capable of influencing hormone receptor dynamics, steroid
metabolism, immune tone, and treatment response. In prostate cancer specifically, androgen
secretion, glucocorticoid rhythms, androgen receptor transcriptional activity, and related
molecular pathways exhibit circadian oscillations regulated by central and peripheral molec-
ular clocks. Experimental and preclinical data further indicate that receptor cofactors and
downstream transcriptional programs may display time-dependent variability, supporting
biological plausibility for temporal modulation of androgen signaling. However, current clini-
cal protocols do not consider whether aligning treatment delivery with these rhythms may
enhance therapeutic effectiveness or delay the emergence of resistance.>3

It should be explicitly acknowledged that most clinical evidence supporting chronotherapy
originates from non-urologic malignancies, including chemotherapy, radiotherapy, and
immunotherapy studies. Direct prostate cancer-specific chrono-interventional data remain
limited.

Nevertheless, these findings raise important translational questions within the context of
endocrine-driven malignancies:

Could synchronizing ADT or ARSi administration with endocrine circadian phases
improve therapeutic response?
Could circadian misalignment accelerate resistance and disease progression?

Mechanistic plausibility is supported across multiple biological domains. Cortisol and testos-
terone rhythms, gonadotropin signaling, steroidogenesis, and androgen receptor transcrip-
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To explore this hypothesis, a pragmatic pilot study design could
include:

1. Standardized timing of daily oral androgen receptor pathway
inhibitors.

2. Integration of serial endocrine and inflammatory biomarkers,
including exploratory markers such as neutrophil-to-lympho-
cyte ratio, alongside more contemporary indicators such as
AR-V7 status, circulating tumor DNA dynamics, or transcriptional
circadian signatures.

3. Correlation with clinical endpoints, including prostate-specific
antigen (PSA) kinetics, progression-free survival, toxicity profiles,
and quality of life.

4. Consideration of key confounders, including sleep disorders,
corticosteroid use, obesity, and shift work.

Feasibility and clinical implementation warrant careful consider-
ation. Timing adherence may be realistic for daily oral therapies but
less so for depot formulations. Circadian variation in drug pharma-
cokinetics and toxicity remains incompletely characterized for ARPIs,
underscoring the exploratory nature of such studies. Importantly,
current timing practices in large randomized trials have been largely
pragmatic rather than chronobiologically driven. For example, in the
Alliance A031201 trial, enzalutamide, abiraterone, and prednisone
were administered at fixed times primarily based on tolerability and
pharmacokinetic considerations, without evidence of an overall sur-
vival benefit attributable to timing itself.* This observation highlights
the absence of chronobiologically designed trials rather than dis-
proving a potential chrono-effect.

The objective of this Letter is not to assert definitive conclusions,
but to encourage scientific dialogue and stimulate translational and
clinical collaboration around chrono-informed endocrine therapy.
Defining time as a modifiable therapeutic variable represents a
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realistic and testable next step in advanced prostate cancer research.
If validated, time-synchronized ARSi administration could represent
a low-cost, widely applicable strategy to optimize outcomes for
patients with advanced prostate cancer.
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