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Sleep disturbances and the risk of lung cancer: 

a meta-epidemiological study

• Methods

– Total 11 studies

• 469,491 patients

• Most studies were conducted in Europe and America

• Two in Canada

• One in China



Short sleep duration & cancer risk



Long sleep duration & caner risk



Insomnia & caner risk



Chronotype and cancer risk



Sleep disturbances and the risk of lung cancer: 

a meta-epidemiological study

• Conclusion

– Insufficient & excessive sleep duration

– Insomnia symptoms

– Evening chronotype

→ Increased risk of lung cancer
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Complex interactions between sleep & cancer

Sleep disorders and cancer: State of the art and future perspectives,

Sleep Medicine Reviews, Volume 56, 2021.



Circadian molecular clock mechanism

This autoregulatory feedback loop cycles between the CLOCK/BMAL1 transcriptional activator complex and 

its repressors (PER/CRY, REV-ERBα) or activators (RORα/β) to constitute the molecular clock oscillator 

that drives the expression of multiple clock-controlled genes (CCGs), 

such as metabolic genes, signaling genes, and epigenetic regulators.

Roles of circadian clocks in cancer pathogenesis and treatment.

Exp Mol Med 53, 1529–1538 (2021).



Circadian molecular clock mechanism

• Epigenetic or genetic inactivation of Bmal1 and/or Clock

– increase tumor proliferation or growth rates in several types of 

cancer

• hematologic cancer, colon cancer, pancreatic cancer, tongue squamous cell 

carcinoma, breast cancer, lung adenocarcinoma, hepatocellular carcinoma, 

nasopharyngeal carcinoma, and glioblastoma

Roles of circadian clocks in cancer pathogenesis and treatment.

Exp Mol Med 53, 1529–1538 (2021).



Circadian disruption

• night shift work

• chronic jet lag

→ increases the risk of the incidence and development of the most 

common cancer types (i.e., breast, lung, prostate, colorectal, and 

skin cancers)

Cancer in the fourth dimension: what is the impact of circadian disruption? 

Cancer Discov. 10, 1455–1464 (2020).



Chrono-disruptive factors and chrono-therapeutic 

interventions in cancer pathogenesis and treatment

MBL, morning bright light;

MEL, melatonin; 

GCs, glucocorticoids; 

CR, caloric restriction; 

IF, intermittent fasting.

Roles of circadian clocks in cancer pathogenesis and treatment.

Exp Mol Med 53, 1529–1538 (2021).



Chrono-intervention

• Targeting circadian rhythms in cancer treatment

– Training circadian clocks

– Drugging clocks

– Clocking medicine

Roles of circadian clocks in cancer pathogenesis and treatment.

Exp Mol Med 53, 1529–1538 (2021).



Training circadian clocks

• Morning bright light

– daytime blue light enhances night-time circadian melatonin 

inhibition of tumor growth in prostate, liver, and breast cancers

Circadian gating of epithelial-to-mesenchymal transition in breast cancer cells 

via melatonin-regulation of GSK3beta. Mol. Endocrinol. 26, 1808–1820 (2012).

Effect of daytime blue-enriched LED light on the nighttime circadian melatonin inhibition of 

hepatoma 7288CTC Warburg effect and progression. Comp. Med. 68, 269–279 (2018). 



Training circadian clocks

• Intermittent fasting

– diet-based therapy that alternates between fasting and 

free feeding/eating for a period of time

– Inhibit tumor growth and improve anti-tumor immune responses

– Increase cancer sensitivity to chemotherapy and radiotherapy

– Reduce the side effects of traditional anticancer treatments

The role and its mechanism of intermittent fasting in tumors: 

friend or foe? Cancer Biol. Med. 18, 63–73 (2021).



The effect of intermittent fasting (IF) 

on tumor immune responses

The role and its mechanism of intermittent fasting in tumors: 

friend or foe? Cancer Biol. Med. 18, 63–73 (2021).
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Training circadian clocks

• Melatonin

– Regulate the sleep-wake rhythm

– Anti-tumor effect

• Anti-oxidant effect
– Protect against DNA damage

– Act as a scavenger of ROS (Reactive Oxygen Species)

– Stimulate DNA repair mechanism

– Improve functioning of the mitochondrial respiratory chain

• Increase expression of the p53 protein
– Inhibit cell proliferation, promote apoptosis, reduce VEGF and endothelin-1

• Inhibit hypoxia by acting on the ERK/Rac1 pathway

Sleep disorders and cancer: State of the art and future perspectives,

Sleep Medicine Reviews, Volume 56, 2021.



Training circadian clocks

• Melatonin

– Act on the metabolism of estrogen

– Reduced melatonin level

• Increase risk of hormone-related cancers like breast & prostate cancer



Training circadian clocks

• Melatonin
– Used as an adjuvant in radiotherapy

– Enhance the therapeutic outcome of chemotherapy

Melatonin and cancer: from the promotion of genomic stability to 

use in cancer treatment. J Cell Physiol 2019;234:5613e27.



Training circadian clocks

• Melatonin
– Implications for tumor prevention

• Breast, ovarian, prostate, colorectal and gastric cancers

Melatonin for the prevention and treatment of cancer. 

Oncotarget. 2017 Jun 13;8(24):39896-39921.
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Sleep in Immunity

• Sleep

– essential for optimal functioning of the immune system

• activity of cytotoxic T-lymphocytes (CTLs) and natural killer (NK) cells that 

target and destroy cancer cells

– Lower cortisol levels during sleep

• allow the immune system to function more efficiently and reduce the risk of 

inflammatory diseases

The Triad of Sleep, Immunity, and Cancer: A Mediating Perspective. 

Cells. 2024 Jul 24;13(15):1246.



Short sleep duration & cancer risk

• Sleep deprivation 
– detrimentally affects the number of cytotoxic cells, thereby decreasing 

the ability of the immune system to respond to tumor growth

Chronic Sleep Restriction Impairs the Antitumor Immune Response in Mice. 

Neuroimmunomodulation. 2018;25(2):59-67.



Sleep in Immunity

• chronic sleep disturbances

– result in a persistent inflammatory state

– elevated levels of pro-inflammatory cytokines such as IL-6 and 

TNF-α

→ contribute an environment conducive to cancer development

The Triad of Sleep, Immunity, and Cancer: A Mediating Perspective. 

Cells. 2024 Jul 24;13(15):1246.



Complex interactions between sleep & cancer

Sleep disorders and cancer: State of the art and future perspectives,

Sleep Medicine Reviews, Volume 56, 2021.



Training circadian clocks

• Glucocorticoids

– steroid hormones that are rhythmically secreted from the adrenal 

gland via suprachiasmatic nucleus (SCN) modulation of the 

hypothalamic–pituitary–adrenal (HPA) stress response axis

– Dexamethasone

• used as a supportive care comedication for cancer patients undergoing 

standard care pemetrexed/platinum doublet chemotherapy

• very effective in the treatment of lymphoid malignancies, including leukemia, 

lymphomas, and multiple myeloma, with much work being done to enhance 

their effects and overcome resistance



Training circadian clocks

• Glucocorticoids

– may also be implicated in poorer responses to cancer therapies 

with immune checkpoint inhibitors, such as anti-PD-(L)1, due to 

their immunosuppressive functions

The role of the circadian clock in cancer hallmark acquisition and immune-based cancer therapeutics. 

J. Exp. Clin. Cancer Res. 40, 119 (2021).



Immunotherapy

• Immunotherapy

– Immune checkpoint inhibitors (ICIs)

• blocking interactions between T cells and antigen presenting cells (APCs) or 

tumor cells that lead to T-cell inactivation

• By inhibiting this interaction, the immune system is effectively upregulated 

and T cells become activated against tumor cells

Harrison's Principles of Internal Medicine, 21e



Immunotherapy

• PD-1 (programmed cell death protein-1) inhibitor

– Pembrolizumab

– Nivolumab

• PD-L1 (programmed cell death-ligand 1) inhibitor

– Atezolizumab

– Durvalumab







Palliative chemotherapy



Palliative chemotherapy



Concurrent chemoradiation (CCRT)





Perioperative chemotherapy









Training circadian clocks

• Glucocorticoids

– may also be implicated in poorer responses to cancer therapies 

with immune checkpoint inhibitors, such as anti-PD-(L)1, due to 

their immunosuppressive functions

The role of the circadian clock in cancer hallmark acquisition and immune-based cancer therapeutics. 

J. Exp. Clin. Cancer Res. 40, 119 (2021).



• Targeting circadian rhythms in cancer treatment

– Training circadian clocks

– Drugging clocks

• Agonists or antagonists of clock proteins

– Clocking medicine



Drugging clocks

• Casein kinases 1δ and 1ε (CK1δ/ε) 
– critical components of the circadian clockwork that determine the 

circadian period and re-entrainment kinetics via phosphorylation of 

PERs to regulate their timed nuclear entry and activity



Sci. Adv. 5, eaau9060 (2019).



• Targeting circadian rhythms in cancer treatment

– Training circadian clocks

– Drugging clocks

– Clocking medicine



Clocking medicine

• Circadian clocks 
– regulate absorption, distribution, metabolism, and elimination of drugs

– Circadian timing of cancer medicine

Roles of circadian clocks in cancer pathogenesis and treatment.

Exp Mol Med 53, 1529–1538 (2021).
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Summary

• The relationship between sleep disturbances and lung cancer

– complex and bidirectional

• sleep disturbances could be associated with cancer

– through the disruption of circadian rhythms, reduction of melatonin secretion, and 

inflammatory responses, leading to unregulated cell proliferation

• insufficient and excessive sleep duration, insomnia symptoms, and 

evening chronotype

– significantly predictive of an increased risk of lung cancer

• early detection and management of sleep disturbances 

– could be a promising means of mitigating the burden of lung cancer
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