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The Clinical Paradox

Source: NCD-RisC. The Lancet, 2024. | Bray F et al. CA Cancer J Clin, 2024.



Cancer beyond genetics
Metabolic reprogramming . Bioenergetic state . Epigenetic regulation

Pavlova NN, Thompson CB. Cell Metab, 2016. Kaelin WG, McKnight SL. Cell, 2013. Martínez-Reyes I, Chandel NS. Nat Commun, 2020.



Circadian Regulation as a Master Coordinator

Bass J, Takahashi JS. Science, 2010, Panda S. Science, 2016. Jacobi D et al. Cell Metabolism, 2015.

The body is not designed to do everything at every moment



Chronic Circadian Misalignment

Scheer FAJL et al. PNAS, 2009. Morris CJ et al. J Clin Endocrinol Metab 2016.

Timing is metabolic information



Light as a Biological Signal Beyond Vision

Berson DM et al. Science, 2002 | Hattar S et al. Science, 2002 | Gooley JJ et al. JCEM, 2011.

Light is biological information



Sunlight as a Multispectral Biological Signal

Wacker M, Holick MF. Dermato-Endocrinology, 2013 | Juzeniene A, Moan J. Dermato-Endocrinology, 2012 | Berson DM et al. Science, 2002 | Hamblin MR. AIMS Biophysics, 2017.
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Sunlight is not one signal —

 it is a timed biological spectrum

Healthy signal = bright days + 

dark nights

Different wavelengths, different biological targets



Melatonin as a Circadian and Mitochondrial Hormone

Gooley JJ et al. JCEM, 2011 | Reiter RJ et al. J Pineal Res, 2016 | Hill SM et al. Endocr Relat Cancer, 2015.



Stress Physiology and Immune Modulation
The body loses rhythm — and with it, regulatory capacity

Sephton SE et al. JNCI, 2000 | Adam EK et al. Psychoneuroendocrinology, 2017 | Labrecque N, Cermakian N. J Biol Rhythms, 2015.



Insulin Signaling and Proliferative Pathways
Insulin is not only a glucose hormone — it is a growth signal

Pollak M. Nat Rev Cancer, 2008 | Gallagher EJ, LeRoith D. Physiol Rev, 2015 | Goodwin PJ et al. J Clin Oncol, 2002, 2012.



Mitochondria as Bioenergetic Decision Hubs

Wallace DC. Nat Rev Cancer, 2012 | Vyas S, Zaganjor E, Haigis MC. Cell, 2016 | Martínez-Reyes I, Chandel NS. Nat Commun, 2020.

Impaired bioenergetics is disordered signaling



Near-Infrared Light, Mitochondria and Supportive Photobiology
NIR bridges sunlight biology and clinical photobiomodulation 

Supportive care, indication-specific

Karu TI. Photomed Laser Surg, 2010 | Hamblin MR. AIMS Biophys, 2017 | Zadik Y et al. Support Care Cancer, 2019 | Quirk BJ, Whelan HT. Photobiomodul Photomed Laser Surg, 2020.



From Mechanism to Bedside: Levels of Evidence

Ballesta A et al. Pharmacol Rev, 2017 | IARC Monographs, Vol. 124, 2019/2020 | Zadik Y et al. Support Care Cancer, 2019.



Circadian Disruption in Breast & Prostate Cancer: 

Human Evidence

IARC Monographs, Vol. 124, 2019/2020 | National Toxicology Program. Cancer Hazard Assessment Report on Night Shift Work and Light at Night, 2021 



The 4-Pillar Clinical Framework
Circadian and metabolic care: structured · measurable · clinically grounded

Ballesta A et al. Pharmacol Rev, 2017 | Zadik Y et al. Support Care Cancer, 2019.



Clinical Implementation: A Daily Light and Timing Prescription
The first prescription is not a device. It is the sky

Chaix A et al. Annu Rev Nutr, 2019 | Manoogian ENC et al. Endocr Rev, 2022 | Duffy JF, Wright KP Jr. J Biol Rhythms, 2005 | Wacker M, Holick MF. Dermato-Endocrinology, 2013 | Gooley JJ et al. JCEM, 2011.



Clinical Metrics and Monitoring

Mormont MC et al. Clin Cancer Res, 2000 | Innominato PF et al. Cancer Res, 2009 | Irwin MR. Nat Rev Immunol, 2019.

If we can measure the terrain, we can personalize the intervention



Illustrative Clinical Vignette: ER+ Breast Cancer

Goodwin PJ et al. JCO, 2002 | Goodwin PJ et al. JCO, 2012 | Irwin MR. Nat Rev Immunol, 2019.



Illustrative Clinical Vignette: High-Risk Prostate Cancer

Ballesta A et al. Pharmacol Rev, 2017 | IARC Monographs, Vol. 124, 2019/2020 | Zadik Y et al. Support Care Cancer, 2019.



Integration, Limitations, and Clinical Perspective

Ioannidis JPA. PLoS Med, 2005 | IARC Monographs, Vol. 124, 2019/2020 | Ballesta A et al. Pharmacol Rev, 2017 | Zadik Y et al. Support Care Cancer, 2019.



Thank you!
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