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Circadian, hormonal, and sleep rhythm disruptions are commonly experienced concerns among cancer patients throughout the cancer care continuum. This review aims to summarize the existing literature on circadian, hormonal, and sleep rhythms in the oncological population, focusing on circadian disruption and physiological and psychological abnormalities, disease progression, and chronomodulated treatment approaches. The findings demonstrate that subjectively and objectively measured circadian rhythm disruption is associated with adverse mental health and disease outcomes in patients with cancer. Chronomodulated chemotherapy, light therapy, cognitive behavioral therapy for insomnia, and physical activity have shown evidence of effectiveness in improving sleep, and occasionally, disease outcomes.
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1 Introduction

Sleep is essential for health and wellbeing. Human beings have an internal 24-hour biological clock fluctuating from periods of sleep to wakefulness (1). During sleep, vital processes occur, including cellular repair, endocrine regulation, and memory consolidation in the brain (1). Disruptions of this sleep pattern can lead to detrimental physical health outcomes, such as the increased risk for diabetes, heart disease, obesity (2), neurodegeneration (3), and overall early mortality (4), as well as mental health challenges including depression (2).

Over half of people with cancer experience sleep disturbances (5), including difficulty in initiating and maintaining sleep, excessive daytime sleepiness, sleep-wake cycle dysregulation, and problems with sleep efficiency and quality (5, 6). Sleep disturbance has been identified as both a consequence of and a potential risk factor for cancer (7). Adjusting to a cancer diagnosis and treatment is stressful and may impact sleep quality (8); sleep disturbance may also be caused by factors such as medications and treatment side effects (9). Sleep disturbance throughout the cancer continuum from diagnosis to survivorship is associated with increased depression (10), fatigue (10), cognitive challenges (11), diminished quality of life (1, 12), and shortened survival (13).




2 Method

An independent review of the literature was performed by the first author using PubMed and Google Scholar databases. Eligibility criteria included peer-reviewed articles published in English that examined circadian and sleep disruption in the oncological population. Case studies and opinion and commentary papers were excluded. Search dates ranged from the earliest available date to 2023. The search themes were broadly categorized and included cancer-related circadian rhythm observations and associations, disruption and disease progression, and treatment approaches. The search terms included “cancer” and “circadian rhythms,” “circadian disruption,” “chronotherapy,” “CBT-I, “sleep disturbance,” “sleep-wake disorders,” “cortisol disruption,” “circadian disruption,” “circadian disruption and psychological outcomes,” “wrist actimetry,” “diurnal cortisol slope,” “light therapy,” and “physical activity.”




3 Results



3.1 Physiological and psychological abnormalities related to circadian disruption



3.1.1 Sleep disorders in the oncological population

Oncological patients often suffer insomnia, hypersomnolence, sleep-disordered breathing, and sleep movement disorders (7, 14). In a cross-sectional survey examining the prevalence of sleep disturbance in cancer patients, 44% of patients reported fatigue, 41% endorsed restless legs, 31% had insomnia, and 28% reported excessive sleepiness (15). The prevalence of insomnia is two to three times greater among cancer patients compared to the general population (16, 17). Spielman’s three-factor model is comprised of predisposing, precipitating, and perpetuating factors of insomnia (18). In the cancer population, predisposing factors include age, family or personal history, comorbid psychiatric symptoms, and female sex (14, 19). Precipitating factors include cancer-related symptoms, emotional distress, hospitalization, and treatment (e.g., chemotherapy, surgery) which may disrupt patients’ sleep schedules (14, 19). Perpetuating factors include disease and treatment-related symptoms, poor sleep hygiene, daytime napping, irregular sleep schedules, and sleep myths (14, 19). Head and neck cancers and radiation treatment pose risk factors for obstructive sleep apnea, the most common form of breathing-related sleep disorders (20). Intermittent hypoxia may contribute to tumor growth and metastasis (21, 22).

Sleep disturbance is also closely associated with cancer-related fatigue (CRF), a separate but interrelated condition characterized by a profound sense of exhaustion that can severely disrupt patients’ quality of life, mood, and functioning (14, 23). CRF is associated with reduced daytime activity, increased daytime napping, and greater nighttime arousal (14, 24). CRF is a pervasive condition affecting 80-90% of patients undergoing cancer therapy and persists for months or years following treatment completion in roughly 30% of patients (23).




3.1.2 Sleep disruption and psychological outcomes

Cortisol is a catabolic glucocorticoid hormone with a crucial role in the stress response. During periods of physiological or psychological threat, cortisol levels rise, preparing the body for a “fight or flight” response by mobilizing glucose into the blood (25–27). Cortisol levels commonly follow a diurnal cycle by peaking in the morning, declining throughout the day, and reaching a nadir at nighttime (28–30). The increase at night provides adequate blood glucose levels during the prolonged period of fasting at night – ‘those who sleep, dine’ (31–33). Circadian rhythms reflect the ability of the stress response system to function properly (34). Extended exposure to stress impairs the normal circadian rhythm of the hypothalamic-pituitary-adrenal (HPA) axis, resulting in elevated cortisol secretion throughout the day, when it normally declines.




3.1.3 Disrupted circadian cortisol and psychiatric disorders

Salivary cortisol has been used as an objective biomarker to assess the HPA axis and circadian rhythm disruption as it measures the biologically active, unbound cortisol and is easier to access than blood draws (31, 35). Diurnal cortisol slope variation may be a useful marker of circadian function due to the relationship between circadian rhythms and cortisol (36). Aberrant cortisol rhythms are associated with negative psychological outcomes in the cancer population. For example, metastatic breast cancer patients who reported greater depressive symptoms demonstrated suppressed immunity as measured by lower average induration size in a test of cell-mediated immune response - delayed-type hypersensitivity to intradermal administration of seven common antigens (37). In advanced-stage ovarian cancer, higher cortisol levels (area under the curve) are associated with elevations in depressive symptoms and proinflammatory cytokine interleukin-6 (IL-6) and greater evening cortisol levels (38). Elevation of a single evening cortisol measure is a good marker of flattened diurnal cortisol levels in women with breast cancer (36). Elevated nocturnal cortisol and diminished cortisol variability are associated with enhanced functional disability, vegetative depression, and fatigue among ovarian cancer patients (31). Following primary treatment for epithelial ovarian cancer, diurnal cortisol rhythms normalized and IL-6 decreased (39), suggesting inflammation markers may re-regulate following treatment.

Psychological distress and coping styles can impact circadian rest/activity and cortisol rhythms. Giese-Davis et al. (28) demonstrated that metastatic breast cancer patients who repressed emotion displayed flatter cortisol rhythms compared to self-assured and nonextreme groups. Similarly, distress and avoidant coping are associated with circadian rest/activity rhythm disruption in presurgical breast cancer patients (40), while avoidance-oriented coping is associated with flattened diurnal cortisol slopes in prostate cancer survivors (41). There is a significant relationship between posttraumatic growth and diurnal cortisol slope in metastatic breast cancer patients, suggesting positive psychological changes may be associated with normalization of cortisol slope and enhanced endocrine functioning (42). These results suggest the psychological sequelae associated with cancer may be related to the dysregulation of the HPA axis.




3.1.4 Subjective sleep measures and psychological outcomes

Sleep disturbance negatively impacts quality of life in patients with mixed cancers (43), breast cancer (44), and ovarian cancer (45). Sleep disturbance is significantly correlated with self-reported depression and fatigue in mixed cancer patients (10), while depression, pain, and life stress predict sleep disturbance in metastatic breast cancer patients (46). Poor sleep quality leads to emotional dysregulation and impaired daily functioning in patients with breast cancer (44). Daytime fatigue and diminished quality of life are qualities associated with shorter cancer survival (47). For patients with lung cancer, frequent nighttime arousals are associated with higher mortality risk (13). In many studies, sleep disturbance occurred early in the illness course (10, 13, 45). Some might expect sleep disturbance to occur solely at the end of life when numerous systems are disrupted. However, these data suggest sleep disturbance may not be the result of having a terminal illness, but rather an earlier factor in the disease progression.





3.2 Circadian disruption and disease progression



3.2.1 Circadian hormonal disruption and tumor growth

Circadian rhythm disruption may impact the ability of the immune system to fight tumor growth. A relationship exists between cancer and circadian clock genes, growth control, and growth effector genes (34). The circadian timing system (CTS) is a molecular clock with at least fifteen genes that regulate the sleep-wake cycle (48, 49). High-quality sleep reflects a robust CTS (47). CTS genes are critical for generating circadian rhythms, while disruptions in this system may promote tumor progression. Indeed, the mPer2 gene plays a crucial role in the circadian clock, and mPer2 gene deficiencies are related to tumor growth in mice (34, 50). Meal timing has been used to reset and reinforce the CTS (48, 51, 52). In mice, the use of meal timing enhances survival (51) and inhibits cancer growth (52). The clinical significance of these findings is supported by a study of 361 patients with colorectal cancer (53). Sleep problems at baseline independently predicted a higher risk of earlier death (HR: 1.36; p = 0.011), disease progression (HR: 1.43; p = 0.002) and poor treatment response (RR: 0.58; p = 0.016). These findings suggest circadian disruption may lead to cancer growth.




3.2.2 Circadian hormonal disruption and cancer progression

The disruption of circadian HPA rhythms is associated with cancer progression (34, 54–59). Patients with advanced cancer often demonstrate flattened diurnal cortisol compared with healthy controls (54, 55, 60, 61). Flattened cortisol slope is a prognostic indicator of early mortality in patients with breast cancer (61), lung cancer (54), and ovarian cancer (62). Abnormal cortisol rhythms characterized by a less rapid decline in cortisol levels late in the day are associated with fatigue in breast cancer survivors as well (63).




3.2.3 Sleep disruption and cancer progression

The actigraphic dichotomy index I<O is a robust metric that reflects individuals’ daily patterns by indicating the percentage of in-bed activity counts that are less than median of out-of-bed counts (48, 64–69). A greater I<O index reflects enhanced circadian function and reduced nighttime motor activity (65, 69). I<O is a risk factor for overall survival in metastatic colorectal cancer (48) and breast cancer (70). However, findings regarding the relationship between circadian disruption measured through wrist actimetry and patient-reported subjective sleep data appear to be mixed, although subjective reports of poor sleep are necessarily somewhat unreliable (65, 71–73). Many studies noted a discrepancy between subjective and objective measurements (65, 71, 72) or inconsistent findings (74); yet Grutsch et al. (47) found a correlation between rest/activity rhythms and patient self-reported sleep quality on the Pittsburgh Sleep Quality Index (PSQI) questionnaire. This represents an area for further investigation and highlights the importance of acquiring both objective and subjective patient sleep data.





3.3 Treatment



3.3.1 Chronomodulated chemotherapy

Chronomodulated chemotherapy is the timed administration of chemotherapy based on circadian rhythms to enhance anticancer drug efficacy and/or tolerability and to reduce side effects (68, 75, 76). Modifying the timing of chemotherapy administration based on physiological rhythms can enhance treatment outcomes for patients with cancer (68, 76, 77). In a systematic review of 18 randomized controlled trials conducted by Printezi et al. (75), the use of chronomodulated chemotherapy was associated with reduced toxicity in 61% of studies. Furthermore, 17% of studies demonstrated enhanced efficacy of chronomodulated chemotherapy, as evidenced by overall survival, objective response rate, or time to treatment failure. However, in 11% of studies, chronomodulated chemotherapy reduced some toxic effects but increased others, and one (6%) study reported worse toxicity effects with chronomodulated chemotherapy compared to traditional chemotherapy. Thus, in most studies, chronomodulated chemotherapy reduced toxicity without necessarily enhancing efficacy (75). A meta-analysis of three phase III trials showed males but not females with metastatic colorectal cancer obtained a survival benefit with chronomodulation vs. conventional chemotherapy (78). Chronomodulated chemotherapy has not yet been widely adopted despite these findings (79).




3.3.2 Light therapy

Light serves as a zeitgeber for the human clock (80). Light therapy can synchronize circadian rhythms and it is used to treat disorders linked to circadian disruption, such as shift-work syndrome, seasonal depression, fatigue, and jet lag (81–86). Light therapy may reduce circadian deterioration during chemotherapy and throughout survivorship. Studies show its benefits in preventing circadian rhythm decline (87, 88) and reducing CRF (81) during chemotherapy. A randomized controlled trial found bright light therapy led to an improvement in cancer survivors’ CRF compared to dim red-light exposure (89). A recent randomized controlled trial (83) evaluated the efficacy of bright light therapy compared to dim white light in a sample of 166 (non-)Hodgkin lymphoma survivors. Participants in both conditions reported reductions in CRF and improvements in mood, sleep quality, and quality of life. These results suggest light therapy may serve as a promising intervention to regulate circadian clocks.




3.3.3 Cognitive behavioral therapy for insomnia

Insomnia treatment often includes a pharmacological component. Sedative hypnotics and antidepressants are frequently prescribed (14, 90), but their evidence base is lacking in the oncological population (7, 14). The use of these medications is not a recommended long-term strategy (14). If incorporated into treatment, pharmacotherapy is recommended in combination with Cognitive Behavioral Therapy for Insomnia (CBT-I; 14). CBT-I is the first-line treatment for insomnia, compromising relaxation training, sleep hygiene, cognitive restructuring, stimulus control, and sleep consolidation (91). CBT-I can be delivered in-person, via Telehealth, or self-administered by video, improving access to care (92, 93). CBT-I has demonstrated efficacy in the cancer population. For example, a meta-analysis of 16 trials found CBT-I improved various insomnia outcomes, including insomnia severity, sleep late onset, wake after sleep, sleep time, and sleep efficiency (94). However, these effects were temporary and diminished in short-term follow-up. Similarly, a meta-analysis examining the efficacy of CBT-I for cancer survivors found CBT-I improved patients’ insomnia severity, sleep efficiency, sleep latency, and wake after sleep onset, with effects remaining durable for up to 6 months (95). A comprehensive review of 12 studies found CBT-I delivered in various modalities improved cancer patients’ insomnia outcomes, mood, quality of life, and CRF (92). CBT-I was more effective than mindfulness-based cancer recovery in changing patients’ dysfunctional beliefs regarding sleep (96), although both interventions reduced insomnia severity. Self-administered CBT-I is a cost-effective alternative to professionally based delivery, though slightly less effective (93). Taken together, these results suggest CBT-I has merit in improving cancer patients’ sleep outcomes throughout the cancer continuum.




3.3.4 Physical activity

In the general population, physical activity has been shown to improve sleep (97, 98). Exercise may serve as a preferable, low-cost, and readily implementable lifestyle modification for individuals with sleep-related problems. Exercise has been shown to improve the subjective and objective sleep quality of cancer patients and survivors (99–102). Although research is limited in the cancer population, studies have demonstrated yoga (101), tai chi (102), light intensity (100), and wearable technology-based physical activity (99) can reduce sleep disturbance and improve sleep quality in the oncological population.






4 Discussion



4.1 Strengths and limitations

The literature on circadian disruption and psychological outcomes demonstrates a significant relationship between psychosocial factors and sleep disturbance in cancer patients. A strength of the literature is the use of biological indicators such as diurnal cortisol slope to assess circadian disruption (28, 29, 31, 36–42). Additionally, Schrepf et al. (39) and Hoyt et al. (41) utilized longitudinal designs, allowing for observations of changes in diurnal cortisol and outcomes over time. Limitations include the cross-sectional and correlational study designs, limiting causal inferences, and lack of inclusion of healthy control groups in most studies (28, 31, 36–42). Objective biomarkers (i.e., diurnal cortisol slope and wrist actimetry) bolster research on circadian disruption and cancer progression. Wearable biomarkers provide an affordable and accessible means for assessing circadian disruption (66, 71). However, the correlational nature of the literature restricts causal connections, while small sample sizes (54, 56, 59, 63, 70) and homogenous samples (62, 70) limit generalizability.

The chronomodulated chemotherapy literature is strengthened by the use of randomized controlled trials to demonstrate causal effects of toxicity reduction following treatment (75). Limitations include the relative paucity of available research on this subject, heterogeneous study designs, and varied dosage/duration of infusions in the literature that prevented Printezi et al. (75) from examining the independent impact of chronomodulation. The fact that chronomodulation seems to work better among male vs. female patients introduces a source of variability in response that is not yet fully understood (78). Strengths of the light therapy research include the RCT designs (81, 83, 87–89) and the use of both objective and subjective measures to assess sleep/wake patterns (81, 83, 88, 89). Limitations of the studies include relatively small sample sizes (81, 87, 88) and limited adherence to the lightbox intervention (81, 87).

Strengths of the CBT-I literature include the number of meta-analyses included in the systematic review of CBT-I by Gao et al. (94) and the inclusion of systematic searching and methods sections in the other systematic review articles (92, 95). Limitations include the significant number of patients who do not adhere to the CBT-I protocol (92) and the potential risk of publication bias (92, 94, 95). Finally, strengths of the physical activity literature include the use of actigraphy data to assess objective sleep/physical activity patterns (100, 101), the novelty of the wearable technology-based intervention (99), the use of objective and subjective measures both pre- and post-intervention (99, 101), and random assignment and a partially blinded treatment protocol (102). The limitations include homogenous (102) and relatively small samples (99, 100, 102), lack of a triple-blind study design (101), and cross-sectional study design (100).




4.2 Future directions for research and treatment

Circadian-based chemotherapy administration is an important therapeutic option that may reduce chemotherapy toxicity (75). However, larger randomized controlled trials are needed to inform clinical practice (75). Novel, machine-learning approaches to assess circadian clock disruption in oncology are currently being developed (103, 104) and may have promise as a prognostic biomarker in breast cancer. These circadian-conscious strategies may refine cancer treatment moving forward. Overall, these findings have significant clinical implications and suggest providers should assess for sleep disruption throughout the cancer trajectory and utilize relevant, evidence-based treatments when clinically indicated.




4.3 Conclusion

There is a clear association between circadian disruption and adverse psychological and medical consequences in the oncological population. This review provides evidence that diurnal cortisol variation is associated with many psychological abnormalities, such as depression and fatigue. Further, this review underscored associations between circadian disruption and disease progression. Flattened cortisol slope is a prognostic indicator in a variety of cancer types, while I<O abnormalities constitute a risk factor in metastatic colorectal and breast cancer. Treatments including chronomodulated chemotherapy, light therapy, CBT-I, and physical activity have demonstrated evidence of efficacy in improving sleep, reducing treatment toxicity, and, in some cases, disease outcomes.






Author contributions

AJ: Writing – original draft, Writing – review & editing. CB: Writing – review & editing. DS: Writing – review & editing.





Funding

The authors declare financial support was received for the research, authorship, and/or publication of this article. Funds for open access publication fees: The Carl and Elizabeth Naumann Cancer Research Fund Award number: 1089039-100-KHAAP





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Foster, RG. Sleep, circadian rhythms and health. Interface Focus (2020) 10(3):20190098. doi: 10.1098/rsfs.2019.0098

2. Centers for Disease Control and Prevention. Sleep and sleep disorders. Centers for Disease Control and Prevention (2022). Available at: https://www.cdc.gov/sleep/index.html#:~:text=Not%20getting%20enough%20sleep%20is,injury%20and%20disability%20each%20year.

3. Owen, JE, and Veasey, SC. Impact of sleep disturbances on neurodegeneration: Insight from studies in animal models. Neurobiol Dis (2020) 139:104820. doi: 10.1016/j.nbd.2020.104820

4. Luyster, FS, Strollo, PJ, Zee, PC, and Walsh, JK. Sleep: A health imperative. Sleep (2012) 35(6):727–34. doi: 10.5665/sleep.1846

5. Al Maqbali, M, Al Sinani, M, Alsayed, A, and Gleason, AM. Prevalence of sleep disturbance in patients with cancer: A systematic review and meta-analysis. Clin Nurs Res (2022) 31(6):1107–23. doi: 10.1177/10547738221092146

6. Cormier, RE. Sleep disturbances. In:  HK Walker, WD Hall, and JW Hurst, editors. Clinical Methods: The History, Physical, and Laboratory Examinations, 3rd ed. Boston: Butterworths (1990). Chapter 77.

7. Mogavero, MP, DelRosso, LM, Fanfulla, F, Bruni, O, and Ferri, R. Sleep disorders and cancer: State of the Art and Future Perspectives. Sleep Med Rev (2021) 56:101409. doi: 10.1016/j.smrv.2020.101409

8. Spiegel, D. Losing sleep over cancer. J Clin Oncol (2008) 26(15):2431–2. doi: 10.1200/jco.2008.16.2008

9. PDQ® Supportive and Palliative Care Editorial Board. PDQ Sleep Disorders. Bethesda, MD: National Cancer Institute. Available at: https://www.cancer.gov/about-cancer/treatment/side-effects/sleep-disorders-hp-pdq.

10. Phillips, KM, Jim, HS, Donovan, KA, Pinder-Schenck, MC, and Jacobsen, PB. Characteristics and correlates of sleep disturbances in cancer patients. Supportive Care Cancer (2011) 20(2):357–65. doi: 10.1007/s00520-011-1106-z

11. Henneghan, AM, Carter, P, Stuifbergan, A, Parmelee, B, and Kesler, S. Relationships between self-reported sleep quality components and cognitive functioning in breast cancer survivors up to 10 years following chemotherapy. Psycho-Oncology (2018) 27(8):1937–43. doi: 10.1002/pon.4745

12. Sandadi, S, Frasure, HE, Broderick, MJ, Waggoner, SE, Miller, JA, and von Gruenigen, VE. The effect of sleep disturbance on quality of life in women with ovarian cancer. Gynecologic Oncol (2011) 123(2):351–5. doi: 10.1016/j.ygyno.2011.07.028

13. Gottfried, T, Kamer, I, Salant, I, Urban, D, Lawrence, YR, Onn, A, et al. Self-reported sleep quality as prognostic for survival in lung cancer patients. Cancer Management and Research (2020) 12:313–21. doi: 10.2147/cmar.s234523

14. Balachandran, DD, Miller, MA, Faiz, SA, Yennurajalingam, S, and Innominato, PF. Evaluation and management of sleep and circadian rhythm disturbance in cancer. Curr Treat Options Oncol (2021) 22(9). doi: 10.1007/s11864-021-00872-x

15. Davidson, JR, MacLean, AW, Brundage, MD, and Schulze, K. Sleep disturbance in cancer patients. Soc Sci Med (2002) 54(9):1309–21. doi: 10.1016/s0277-9536(01)00043-0

16. Palesh, OG, Roscoe, JA, Mustian, KM, Roth, T, Savard, J, Ancoli-Israel, S, et al. Prevalence, demographics, and psychological associations of sleep disruption in patients with cancer: University of Rochester Cancer Center–Community Clinical Oncology Program. J Clin Oncol (2010) 28(2):292–8. doi: 10.1200/jco.2009.22.5011

17. Savard, J, and Morin, CM. Insomnia in the context of cancer: A review of a neglected problem. J Clin Oncol (2001) 19(3):895–908. doi: 10.1200/jco.2001.19.3.895

18. Spielman, AJ, Caruso, LS, and Glovinsky, PB. A behavioral perspective on insomnia treatment. Psychiatr Clinics North America (1987) 10(4):541–53. doi: 10.1016/s0193-953x(18)30532-x

19. O’Donnell, JF. Insomnia in cancer patients. Clin Cornerstone (2004) 6(1) S6–S14. doi: 10.1016/s1098-3597(05)80002-x

20. Friedman, M, Landsberg, R, Pryor, S, Syed, Z, Ibrahim, H, and Caldarelli, DD. The occurrence of sleep-disordered breathing among patients with head and neck cancer. Laryngoscope (2001) 111(11):1917–9. doi: 10.1097/00005537-200111000-00008

21. Gozal, D, Farré, R, and Nieto, FJ. Obstructive sleep apnea and cancer: Epidemiologic Links and theoretical biological constructs. Sleep Med Rev (2016) 27:43–55. doi: 10.1016/j.smrv.2015.05.006

22. Owens, RL, Gold, KA, Gozal, D, Peppard, PE, Jun, JC, Dannenberg, AJ, et al. Sleep and breathing … and cancer? Cancer Prev Res (2016) 9(11):821–7. doi: 10.1158/1940-6207.capr-16-0092

23. Hofman, M, Ryan, JL, Figueroa-Moseley, CD, Jean-Pierre, P, and Morrow, GR. Cancer-related fatigue: The scale of the problem. Oncologist (2007) 12(S1):4–10. doi: 10.1634/theoncologist.12-s1-4

24. Roscoe, JA, Kaufman, ME, Matteson-Rusby, SE, Palesh, OG, Ryan, JL, Kohli, S, et al. Cancer-related fatigue and sleep disorders. Oncologist (2007) 12(S1):35–42. doi: 10.1634/theoncologist.12-s1-35

25. Hannibal, KE, and Bishop, MD. Chronic stress, cortisol dysfunction, and pain: A psychoneuroendocrine rationale for stress management in pain rehabilitation. Phys Ther (2014) 94(12):1816–25. doi: 10.2522/ptj.20130597

26. Blackburn-Munro, G, and Blackburn-Munro, R. Pain in the brain: Are hormones to blame? Trends Endocrinol Metab (2003) 14(1):20–7. doi: 10.1016/s1043-2760(02)00004-8

27. Jankord, R, and Herman, JP. Limbic regulation of hypothalamo-pituitary-adrenocortical function during acute and chronic stress. Ann New York Acad Sci (2008) 1148(1):64–73. doi: 10.1196/annals.1410.012

28. Giese-Davis, J, Sephton, SE, Abercrombie, HC, Durán, RE, and Spiegel, D. Repression and high anxiety are associated with aberrant diurnal cortisol rhythms in women with metastatic breast cancer. Health Psychol (2004) 23(6):645–50. doi: 10.1037/0278-6133.23.6.645

29. Abercrombie, HC, Giese-Davis, J, Sephton, S, Epel, ES, Turner-Cobb, JM, and Spiegel, D. Flattened cortisol rhythms in metastatic breast cancer patients. Psychoneuroendocrinology (2004) 29(8):1082–92. doi: 10.1016/j.psyneuen.2003.11.003

30. Stone, AA, Schwartz, JE, Smyth, J, Kirschbaum, C, Cohen, S, Hellhammer, D, et al. Individual differences in the diurnal cycle of salivary free cortisol: A replication of flattened cycles for some individuals. Psychoneuroendocrinology (2001) 26(3):295–306. doi: 10.1016/s0306-4530(00)00057-3

31. Weinrib, AZ, Sephton, SE, DeGeest, K, Penedo, F, Bender, D, Zimmerman, B, et al. Diurnal cortisol dysregulation, functional disability, and depression in women with ovarian cancer. Cancer (2010) 116(18):4410–9. doi: 10.1002/cncr.25299

32. Buijs, RM, la Fleur, SE, Wortel, J, van Heyningen, C, Zuiddam, L, Mettenleiter, TC, et al. The suprachiasmatic nucleus balances sympathetic and parasympathetic output to peripheral organs through separate preautonomic neurons. J Comp Neurol (2003) 464(1):36–48. doi: 10.1002/cne.10765

33. Maier, SF, and Watkins, LR. Cytokines for psychologists: Implications of bidirectional immune-to-brain communication for understanding behavior, mood, and cognition. psychol Rev (1998) 105(1):83–107. doi: 10.1037/0033-295x.105.1.83

34. Sephton, S, and Spiegel, D. Circadian disruption in cancer: A neuroendocrine-immune pathway from stress to disease? Brain Behavior Immun (2003) 17(5):321–8. doi: 10.1016/s0889-1591(03)00078-3

35. Kirschbaum, C, and Hellhammer, DH. Salivary cortisol in psychobiological research: an overview. Neuropsychobiology. (1989) 22:150–69. doi: 10.1159/000118611

36. Allende, S, Medina, JL, Spiegel, D, and Zeitzer, JM. Evening salivary cortisol as a single stress marker in women with metastatic breast cancer. Psychoneuroendocrinology (2020) 115:104648. doi: 10.1016/j.psyneuen.2020.104648

37. Sephton, SE, Dhabhar, FS, Keuroghlian, AS, Giese-Davis, J, McEwen, BS, Ionan, AC, et al. Depression, cortisol, and suppressed cell-mediated immunity in metastatic breast cancer. Brain Behavior Immun (2009) 23(8):1148–55. doi: 10.1016/j.bbi.2009.07.007

38. Lutgendorf, SK, Weinrib, AZ, Penedo, F, Russell, D, DeGeest, K, Costanzo, ES, et al. Interleukin-6, cortisol, and depressive symptoms in ovarian cancer patients. J Clin Oncol (2008) 26(29):4820–7. doi: 10.1200/jco.2007.14.1978

39. Schrepf, A, Clevenger, L, Christensen, D, DeGeest, K, Bender, D, Ahmed, A, et al. Cortisol and inflammatory processes in ovarian cancer patients following primary treatment: Relationships with depression, fatigue, and disability. Brain Behavior Immun (2013) 30 S126–S134. doi: 10.1016/j.bbi.2012.07.022

40. Dedert, E, Lush, E, Chagpar, A, Dhabhar, FS, Segerstrom, SC, Spiegel, D, et al. Stress, coping, and circadian disruption among women awaiting breast cancer surgery. Ann Behav Med (2012) 44(1):10–20. doi: 10.1007/s12160-012-9352-y

41. Hoyt, MA, Marin-Chollom, AM, Bower, JE, Thomas, KS, Irwin, MR, and Stanton, AL. Approach and avoidance coping: Diurnal cortisol rhythm in prostate cancer survivors. Psychoneuroendocrinology (2014) 49:182–6. doi: 10.1016/j.psyneuen.2014.07.007

42. Diaz, M, Aldridge-Gerry, A, and Spiegel, D. Posttraumatic growth and diurnal cortisol slope among women with metastatic breast cancer. Psychoneuroendocrinology (2014) 44:83–7. doi: 10.1016/j.psyneuen.2014.03.001

43. Hofmeister, D, Schulte, T, Mehnert-Theuerkauf, A, Geue, K, Zenger, M, Esser, P, et al. The association between sleep problems and general quality of life in cancer patients and in the general population. Front Psychol (2022) 13:960029. doi: 10.3389/fpsyg.2022.960029

44. Fortner, BV, Stepanski, EJ, Wang, SC, Kasprowicz, S, and Durrence, HH. Sleep and quality of life in breast cancer patients. J Pain Symptom Manage (2002) 24(5):471–80. doi: 10.1016/s0885-3924(02)00500-6

45. Clevenger, L, Schrepf, A, DeGeest, K, Bender, D, Goodheart, M, Ahmed, A, et al. Sleep disturbance, distress, and quality of life in ovarian cancer patients during the first year after diagnosis. Cancer (2013) 119(17):3234–41. doi: 10.1002/cncr.28188

46. Palesh, OG, Collie, K, Batiuchok, D, Tilston, J, Koopman, C, Perlis, ML, et al. A longitudinal study of depression, pain, and stress as predictors of sleep disturbance among women with metastatic breast cancer. Biol Psychol (2007) 75(1):37–44. doi: 10.1016/j.biopsycho.2006.11.002

47. Grutsch, JF, Wood, PA, Du-Quiton, D-Q, Reynolds, JL, Lis, CG, Levin, RD, et al. Validation of actigraphy to assess circadian organization and sleep quality in patients with advanced lung cancer. J Circadian Rhythms (2011) 9(0):4. doi: 10.1186/1740-3391-9-4

48. Lévi, F, Dugué, P-A, Innominato, P, Karaboué, A, Dispersyn, G, Parganiha, A, et al. Wrist actimetry circadian rhythm as a robust predictor of colorectal cancer patients survival. Chronobiology Int (2014) 31(8):891–900. doi: 10.3109/07420528.2014.924523

49. Dibner, C, Schibler, U, and Albrecht, U. The mamMalian circadian timing system: Organization and coordination of Central and peripheral clocks. Annu Rev Physiol (2010) 72(1):517–49. doi: 10.1146/annurev-physiol-021909-135821

50. Fu, L, Pelicano, H, Liu, J, Huang, P, and Lee, CC. The circadian gene PERIOD2 plays an important role in tumor suppression and DNA damage response in vivo. Cell (2002) 111(1):41–50. doi: 10.1016/s0092-8674(02)00961-3

51. Wu, MW, Li, XM, Xian, LJ, and Lévi, F. Effects of meal timing on tumor progression in mice. Life Sci (2004) 75(10):1181–93. doi: 10.1016/j.lfs.2004.02.014

52. Li, X-M, Delaunay, F, Dulong, S, Claustrat, B, Zampera, S, Fujii, Y, et al. Cancer inhibition through circadian reprogramming of tumor transcriptome with meal timing. Cancer Res (2010) 70(8):3351–60. doi: 10.1158/0008-5472.can-09-4235

53. Innominato, PF, Spiegel, D, Ulusakarya, A, Giacchetti, S, Bjarnason, GA, Levi, F, et al. Subjective sleep and overall survival in chemotherapy-naive patients with metastatic colorectal cancer. Sleep Med (2015) 16(3):391–8. doi: 10.1016/j.sleep.2014.10.022

54. Sephton, SE, Lush, E, Dedert, EA, Floyd, AR, Rebholz, WN, Dhabhar, FS, et al. Diurnal cortisol rhythm as a predictor of lung cancer survival. Brain Behavior Immun (2013) 30 S163–S170. doi: 10.1016/j.bbi.2012.07.019

55. Mormont, MC, and Lévi, F. Circadian-system alterations during Cancer processes: A review. Int J Cancer (1997) 70(2):241–7. doi: 10.1002/(sici)1097-0215(19970117)70:2<241::aid-ijc16>3.0.co;2-l

56. Touitou, Y, Levi, F, Bogdan, A, Benavides, M, Bailleul, F, and Misset, J-L. Rhythm alteration in patients with metastatic breast cancer and poor prognostic factors. J Cancer Res Clin Oncol (1995) 121(3):181–8. doi: 10.1007/bf01198101

57. Hrushesky, WJ, Lannin, D, and Haus, E. Evidence for an ontogenetic basis for circadian coordination of cancer cell proliferation. JNCI: J Natl Cancer Institute (1998) 90(19):1480–4. doi: 10.1093/jnci/90.19.1480

58. Eismann, EA, Lush, E, and Sephton, SE. Circadian effects in cancer-relevant psychoneuroendocrine and immune pathways. Psychoneuroendocrinology (2010) 35(7):963–76. doi: 10.1016/j.psyneuen.2009.12.011

59. Touitou, Y, Bogdan, A, Lévi, F, Benavides, M, and Auzéby, A. Disruption of the circadian patterns of serum cortisol in breast and ovarian cancer patients: Relationships with tumour marker antigens. Br J Cancer (1996) 74(8):1248–52. doi: 10.1038/bjc.1996.524

60. Palesh, O, Zeitzer, JM, Conrad, A, Giese-Davis, J, Mustian, KM, Popek, V, et al. Vagal regulation, cortisol, and sleep disruption in women with metastatic breast cancer. J Clin Sleep Med (2008) 04(05):441–9. doi: 10.5664/jcsm.27280

61. Sephton, SE. Diurnal cortisol rhythm as a predictor of breast cancer survival. J Natl Cancer Institute (2000) 92(12):994–1000. doi: 10.1093/jnci/92.12.994

62. Schrepf, A, Thaker, PH, Goodheart, MJ, Bender, D, Slavich, GM, Dahmoush, L, et al. Diurnal cortisol and survival in epithelial ovarian cancer. Psychoneuroendocrinology (2015) 53:256–67. doi: 10.1016/j.psyneuen.2015.01.010

63. Bower, JE, Ganz, PA, Dickerson, SS, Petersen, L, Aziz, N, and Fahey, JL. Diurnal cortisol rhythm and fatigue in breast cancer survivors. Psychoneuroendocrinology (2005) 30(1):92–100. doi: 10.1016/j.psyneuen.2004.06.003

64. Mormont, MC, Waterhouse, J, Bleuzen, P, Giacchetti, S, Jami, A, Bogdan, A, et al. Marked 24-h rest/activity rhythms are associated with better quality of life, better response, and longer survival in patients with metastatic colorectal cancer and good performance status. Clin Cancer Res (2000) 6(8):3038–45.

65. Palesh, O, Haitz, K, Lévi, F, Bjarnason, GA, Deguzman, C, Alizeh, I, et al. Relationship between subjective and actigraphy-measured sleep in 237 patients with metastatic colorectal cancer. Qual Life Res (2017) 26(10):2783–91. doi: 10.1007/s11136-017-1617-2

66. Innominato, PF, Wreglesworth, NI, Karaboue, A, Spiegel, D, and Levi, FA. Rest-activity rhythm as a clinical biomarker in cancer. Lancet Healthy Longev (2023) 4(7):e304. doi: 10.1016/S2666-7568(23)00108-3

67. Minors, D, Akerstedt, T, Atkinson, G, Dahlitz, M, Folkard, S, Lévi, F, et al. The difference between activity when in bed and out of bed. I. Healthy subjects and selected patients. Chronobiology Int (1996) 13(1):27–34. doi: 10.3109/07420529609040839

68. Innominato, PF, Roche, VP, Palesh, OG, Ulusakarya, A, Spiegel, D, and Lévi, FA. The circadian timing system in clinical oncology. Ann Med (2014) 46(4):191–207. doi: 10.3109/07853890.2014.916990

69. Natale, V, Innominato, PF, Boreggiani, M, Tonetti, L, Filardi, M, Parganiha, A, et al. The difference between in bed and out of bed activity as a behavioral marker of cancer patients: A comparative actigraphic study. Chronobiology Int (2015) 32(7):925–33. doi: 10.3109/07420528.2015.1053909

70. Palesh, O, Aldridge-Gerry, A, Zeitzer, JM, Koopman, C, Neri, E, Giese-Davis, J, et al. Actigraphy-measured sleep disruption as a predictor of survival among women with advanced breast cancer. Sleep (2014) 37(5):837–42. doi: 10.5665/sleep.3642

71. Innominato, PF, Komarzynski, S, Palesh, OG, Dallmann, R, Bjarnason, GA, Giacchetti, S, et al. Circadian rest-activity rhythm as an objective biomarker of patient-reported outcomes in patients with advanced cancer. Cancer Med (2018) 7(9):4396–405. doi: 10.1002/cam4.1711

72. Moore, CM, Schmiege, SJ, and Matthews, EE. Actigraphy and sleep diary measurements in breast cancer survivors: Discrepancy in selected sleep parameters. Behav Sleep Med (2014) 13(6):472–90. doi: 10.1080/15402002.2014.940108

73. Madsen, MT, Huang, C, and Gögenur, I. Actigraphy for measurements of sleep in relation to oncological treatment of patients with cancer: A systematic review. Sleep Med Rev (2015) 20:73–83. doi: 10.1016/j.smrv.2014.07.002

74. Dhruva, A, Paul, SM, Cooper, BA, Lee, K, West, C, Aouizerat, BE, et al. A longitudinal study of measures of objective and subjective sleep disturbance in patients with breast cancer before, during, and after radiation therapy. J Pain Symptom Manage (2012) 44(2):215–28. doi: 10.1016/j.jpainsymman.2011.08.010

75. Printezi, MI, Kilgallen, AB, Bond, MJ, Štibler, U, Putker, M, Teske, AJ, et al. Toxicity and efficacy of chronomodulated chemotherapy: A systematic review. Lancet Oncol (2022) 23(3). doi: 10.1016/s1470-2045(21)00639-2

76. Lévi, F, Okyar, A, Dulong, S, Innominato, PF, and Clairambault, J. Circadian timing in cancer treatments. Annu Rev Pharmacol Toxicol (2010) 50(1):377–421. doi: 10.1146/annurev.pharmtox.48.113006.094626

77. Lévi, F. Circadian chronotherapy for human cancers. Lancet Oncol (2001) 2(5):307–15. doi: 10.1016/s1470-2045(00)00326-0

78. Giacchetti, S, Dugue, PA, Innominato, PF, Bjarnason, GA, Focan, C, Garufi, C, et al. Sex moderates circadian chemotherapy effects on survival of patients with metastatic colorectal cancer: a meta-analysis. Ann Oncol Off J Eur Soc Med Oncol / ESMO (2012) 23(12):3110–6. doi: 10.1093/annonc/mds148

79. Selfridge, JM, Gotoh, T, Schiffhauer, S, Liu, J, Stauffer, PE, Li, A, et al. Chronotherapy: Intuitive, sound, founded…but not broadly applied. Drugs (2016) 76(16):1507–21. doi: 10.1007/s40265-016-0646-4

80. Roenneberg, T, Kantermann, T, Juda, M, Vetter, C, and Allebrandt, KV. Light and the human circadian clock. Circadian Clocks (2013) 127:311–31. doi: 10.1007/978-3-642-25950-0_13

81. Ancoli-Israel, S, Rissling, M, Neikrug, A, Trofimenko, V, Natarajan, L, Parker, BA, et al. Light treatment prevents fatigue in women undergoing chemotherapy for breast cancer. Supportive Care Cancer (2011) 20(6):1211–9. doi: 10.1007/s00520-011-1203-z

82. Rice, J, Mayor, J, Tucker, HA, and Bielski, RJ. Effect of light therapy on salivary melatonin in seasonal affective disorder. Psychiatry Res (1995) 56(3):221–8. doi: 10.1016/0165-1781(95)02610-9

83. Starreveld, DE, Daniels, LA, Kieffer, JM, Valdimarsdottir, HB, de Geus, J, Lanfermeijer, M, et al. Light therapy for cancer-related fatigue in (non-)hodgkin lymphoma survivors: Results of a randomized controlled trial. Cancers (2021) 13(19):4948. doi: 10.3390/cancers13194948

84. Tang, JH, Wing, YK, Chan, JWY, and Lo, RSK. Bright light therapy for cancer-related fatigue in a palliative care unit: A feasibility study. J Pain Symptom Manage (2023) 65(3):e237–40. doi: 10.1016/j.jpainsymman.2022.10.008

85. Voggenberger, L, Bock, M, Moser, D, Lorbeer, G, Altmann, P, Leutmezer, F, et al. Bright light therapy as a non-pharmacological treatment option for multiple sclerosis-related fatigue: A randomized sham-controlled trial. Mult Scler J Exp Transl Clin (2022) 8(4):20552173221133262. doi: 10.1177/20552173221133262

86. Xiao, P, Ding, S, Duan, Y, Li, L, Zhou, Y, Luo, X, et al. Effect of light therapy on cancer-related fatigue: A systematic review and meta-analysis. J Pain Symptom Manage (2022) 63(2):e188–202. doi: 10.1016/j.jpainsymman.2021.09.010

87. Neikrug, AB, Rissling, M, Trofimenko, V, Liu, L, Natarajan, L, Lawton, S, et al. Bright light therapy protects women from circadian rhythm desynchronization during chemotherapy for breast cancer. Behav Sleep Med (2012) 10(3):202–16. doi: 10.1080/15402002.2011.634940

88. Rissling, M, Liu, L, Youngstedt, SD, Trofimenko, V, Natarajan, L, Neikrug, AB, et al. Preventing sleep disruption with bright light therapy during chemotherapy for breast cancer: A phase ii randomized controlled trial. Front Neurosci (2022) 16:815872. doi: 10.3389/fnins.2022.815872

89. Johnson, JA, Garland, SN, Carlson, LE, Savard, J, Simpson, JS, Ancoli-Israel, S, et al. Bright light therapy improves cancer-related fatigue in cancer survivors: A randomized controlled trial. J Cancer Survivorship (2017) 12(2):206–15. doi: 10.1007/s11764-017-0659-3

90. Slade, AN, Waters, MR, and Serrano, NA. Long-term sleep disturbance and prescription sleep aid use among cancer survivors in the United States. Supportive Care Cancer (2019) 28(2):551–60. doi: 10.1007/s00520-019-04849-3

91. Rossman, J. Cognitive-behavioral therapy for insomnia: An effective and underutilized treatment for insomnia. Am J Lifestyle Med (2019) 13(6):544–7. doi: 10.1177/1559827619867677

92. Garland, SN, Johnson, JA, Savard, J, Gehrman, P, Perlis, M, and Campbell, T. Sleeping well with cancer: A systematic review of cognitive behavioral therapy for insomnia in cancer patients. Neuropsychiatr Dis Treat (2014) 1113 1113–1124. doi: 10.2147/ndt.s47790

93. Savard, J, Ivers, H, Morin, CM, and Lacroix, G. Video cognitive-behavioral therapy for insomnia in cancer patients: A cost-effective alternative. Psycho-Oncology (2020) 30(1):44–51. doi: 10.1002/pon.5532

94. Gao, Y, Liu, M, Yao, L, Yang, Z, Chen, Y, Niu, M, et al. Cognitive behavior therapy for insomnia in cancer patients: A systematic review and Network meta-analysis. J Evidence-Based Med (2022) 15(3):216–29. doi: 10.1111/jebm.12485

95. Johnson, JA, Rash, JA, Campbell, TS, Savard, J, Gehrman, PR, Perlis, M, et al. A systematic review and meta-analysis of randomized controlled trials of cognitive behavior therapy for insomnia (CBT-I) in cancer survivors. Sleep Med Rev (2016) 27:20–8. doi: 10.1016/j.smrv.2015.07.001

96. Garland, SN, Rouleau, CR, Campbell, T, Samuels, C, and Carlson, LE. The comparative impact of Mindfulness-Based Cancer Recovery (MBCR) and cognitive behavior therapy for insomnia (CBT-I) on sleep and mindfulness in cancer patients. EXPLORE (2015) 11(6):445–54. doi: 10.1016/j.explore.2015.08.004

97. Kredlow, MA, Capozzoli, MC, Hearon, BA, Calkins, AW, and Otto, MW. The effects of physical activity on sleep: A meta-analytic review. J Behav Med (2015) 38(3):427–49. doi: 10.1007/s10865-015-9617-6

98. Atkinson, G, and Davenne, D. Relationships between sleep, physical activity and human health. Physiol Behav (2007) 90(2–3):229–35. doi: 10.1016/j.physbeh.2006.09.015

99. Nguyen, NH, Vallance, JK, Buman, MP, Moore, MM, Reeves, MM, and Rosenberg, DE. Effects of a wearable technology-based physical activity intervention on sleep quality in breast cancer survivors: the ACTIVATE Trial. J Cancer Surviv (2021) 15:273–80. doi: 10.1007/s11764-020-00930-7

100. Chen, H-M, Wu, Y-C, Tsai, C-M, Tzeng, J-I, and Lin, C-C. Relationships of circadian rhythms and physical activity with objective sleep parameters in lung cancer patients. Cancer Nurs (2015) 38(3):215–23. doi: 10.1097/ncc.0000000000000163

101. Mustian, KM, Sprod, LK, Janelsins, M, Peppone, LJ, Palesh, OG, Chandwani, K, et al. Multicenter, randomized controlled trial of yoga for sleep quality among cancer survivors. J Clin Oncol (2013) 31(26):3233–41. doi: 10.1200/jco.2012.43.7707

102. Irwin, MR, Olmstead, R, Carrillo, C, Sadeghi, N, Nicassio, P, Ganz, PA, et al. Tai Chi Chih compared with cognitive behavioral therapy for the treatment of insomnia in survivors of breast cancer: A randomized, partially blinded, noninferiority trial. J Clin Oncol (2017) 35(23):2656–65. doi: 10.1200/jco.2016.71.0285

103. Vlachou, D, Bjarnason, GA, Giacchetti, S, Lévi, F, and Rand, DA. Timeteller: A New Tool for Precision Circadian Medicine and Cancer Prognosis. bioRxiv. (2019). doi: 10.1101/622050.

104. Dijk, D-J, and Duffy, JF. Novel approaches for assessing circadian rhythmicity in humans: A Review. J Biol Rhythms (2020) 35(5):421–38. doi: 10.1177/0748730420940483




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2023 Jagielo, Benedict and Spiegel. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc.2023.1269378_cover.jpg
& frontiers | Frontiers in Oncology

Circadian, hormonal, and sleep
rhythms: effects on cancer progression
implications for treatment





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Circadian, hormonal, and sleep rhythms: effects on cancer progression implications for treatment

      

        		

          1 Introduction

        



        		

          2 Method

        



        		

          3 Results

        

          		

            3.1 Physiological and psychological abnormalities related to circadian disruption

          

            		

              3.1.1 Sleep disorders in the oncological population

            



            		

              3.1.2 Sleep disruption and psychological outcomes

            



            		

              3.1.3 Disrupted circadian cortisol and psychiatric disorders

            



            		

              3.1.4 Subjective sleep measures and psychological outcomes

            



          



          



          		

            3.2 Circadian disruption and disease progression

          

            		

              3.2.1 Circadian hormonal disruption and tumor growth

            



            		

              3.2.2 Circadian hormonal disruption and cancer progression

            



            		

              3.2.3 Sleep disruption and cancer progression

            



          



          



          		

            3.3 Treatment

          

            		

              3.3.1 Chronomodulated chemotherapy

            



            		

              3.3.2 Light therapy

            



            		

              3.3.3 Cognitive behavioral therapy for insomnia

            



            		

              3.3.4 Physical activity

            



          



          



        



        



        		

          4 Discussion

        

          		

            4.1 Strengths and limitations

          



          		

            4.2 Future directions for research and treatment

          



          		

            4.3 Conclusion

          



        



        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





