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Sleep disturbances represent an understudied yet common source of distress among pediatric cancer patients and

survivors, with deleterious effects on quality of life. Sleep issues stem from multiple risk factors, yet individual

contributors are difficult to isolate, consequently impeding the identification of targets for intervention.
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1. Introduction

Cancer in the pediatric and adolescent population (1–19 years old) remains one of the three leading causes of

death in the United States . However, advances in the treatment of pediatric cancer have led to significant

increases in long-term survival, highlighting the need to address not only survival but treatment-associated

morbidity and improved quality of life as well . Among quality-of-life manifestations, children, adolescents, and

young adults report sleep disturbances during and after treatment . Indeed, sleep issues and their sequelae

appear to be common in pediatric cancer patients and survivors, with almost half experiencing some form of sleep

disturbance . The most common etiologies of poor sleep in patients and survivors include increased daytime

sleepiness and insomnia, followed by increased time to sleep onset, decreased sleep duration, and overall poor

sleep quality, issues that may be manageable or treatable . Sleep disturbances may directly result from

cancer and its treatment, as well as from multiple other risk factors, many of which lead to a bidirectional

relationship between sleep and physical and psychological distress . This multifactorial relationship

between pediatric cancer and sleep disturbances is illustrated in Figure 1.
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Figure 1.  Factors impacting sleep in children diagnosed with cancer. The figure describes the various entities

described in the literature that lead to sleep disturbance, followed by the resulting sequalae of negatively impacted

sleep. EDS, SDB, frequent nighttime awakening, and circadian rhythm dysregulation are components of disturbed

sleep, while interventions such as medications, physical activity, sleep training, and counseling represent mitigating

factors that relieve sleep issues. Developmental sleep needs are affected globally by sleep disturbances, despite

the fact that children of different ages require different amounts of sleep. Psychological maladjustment and physical

symptoms, such as pain, have been found to have a bidirectional relationship with sleep issues. Abbreviations:

CNS, central nervous system; EDS, excessive daytime sleepiness; SDB, sleep disordered breathing.

2. Relationship between Cancer and Treatment and Sleep in
Pediatric Cancer

EDS and SDB are the most common sleep issues seen in patients and survivors of hematological malignancies, as

well as solid tumors, such as sarcomas, impacting as many as 60% and 40% of patients, respectively, and they are

even more common in those with CNS tumors . While the direct role that these cancers play in causing sleep

issues is unclear, sleep disturbances occur past the treatment phase, at times more than 5 years after treatment,

as demonstrated in a study by Clanton et al. of adult survivors of childhood cancer . Chemotherapy, steroids,

and radiation therapy are the mainstays of pediatric cancer therapy and also play a significant role in altering sleep
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patterns . Changes in sleep during treatment have been observed in a wide array of malignancies, including

non-neural solid tumors, hematological cancers, and CNS tumors, despite the differences in the specific

chemotherapies administered . Hospitalization is also a component of treatment in which initial or subsequent

admissions have been shown to negatively affect sleep in pediatric cancer patients . Although patients

treated in the outpatient setting tend to have better sleep quality than those in the inpatient setting, they still have

an elevated risk for poor sleep quality during active treatment. This is evidenced in a study by Zupanec et al.,

where greater than 80% of ALL patients between the ages of 4 to 18 years old on outpatient maintenance

chemotherapy described poor sleep characterized by increased nighttime awakenings and wake time after sleep

onset when compared to pediatric norms .

In the sections below, the effects of cancer on sleep during treatment and into survivorship are explored, followed

by a discussion on the role treatment itself plays in contributing to sleep issues in patients and survivors.

2.1. Effects of Hematological Malignancies and Non-Central Nervous System (CNS)
Solid Tumor Cancers on Sleep

Nearly 40%, and, in some cases, greater than 80%, of pediatric leukemia patients report some form of sleep

disturbance, with insomnia being the most prevalent; however, there is a need to describe the direct impact of

pediatric health conditions, such as cancer, on sleep . Researchers have explored the biology of the

circadian clock in leukemia cells and propose that alterations in the circadian rhythm of cells allow for unchecked

replication . There is a need for further research to determine the direct effects of hematological

malignancies on sleep; the relationship between circadian gene expression in cancer cells and circadian-rhythm-

dysregulation-related sleep disruption may represent a starting point for such an investigation.

In contrast to hematological malignancies, non-neural solid tumors may play a more direct and measurable role in

causing sleep disturbances. They can result in OSA or SDB because of their anatomic location relative to the upper

and lower airways and may necessitate surgical removal to relieve the obstruction . However, outside of a case

report of a spinal osteochondroma leading to sleep apnea or studies with mixed cancer diagnoses, no significant

studies have isolated the role of pediatric sarcomas in sleep issues . Nunes et al. presented one of the few

studies that recognized that patients with sarcoma have greater difficulty with sleep and fatigue, possibly due to

associated bone pain .

In pediatric leukemia survivorship, there is wide variation in the reported prevalence of sleep disturbances, with

rates ranging from 13% to 50% in acute lymphoblastic leukemia survivors . These differences in rates are

compounded by reports of pediatric leukemia survivors who do not experience clinically poorer sleep than their

sibling controls ; this contrasts with reports that indicate that leukemia survivors report disturbed sleep more

than a decade after treatment . Conflicting data on sleep in leukemia survivors lack a satisfactory explanation

and highlight the need for further research to discover the true changes in sleep.
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Similar to its hematological counterpart, the effects of lymphoma on sleep in survivorship represent another

opportunity for further investigation. Research from the Childhood Cancer Survivor study looking at the factors that

influence fatigue and poor sleep in adult survivors of childhood Hodgkin lymphoma (HL) demonstrated that

survivors with a high body mass index (BMI) and significant bodily pain were more likely to experience EDS . In

that study, those with at least “medium” pain were five times more likely to experience poor sleep quality. In

reviewing the effect of BMI on sleep, the effect on HL survivors is similar to those of obese survivors of CNS

tumors, with higher BMI scores correlating with higher risks of sleep issues . This highlights that BMI is a

predictive factor that affects the sleep quality of lymphoma survivors and may be extrapolated to be a cause of

disturbed sleep in other survivors, regardless of cancer type.

There is a significant lack of research on the direct effects of non-CNS cancers on sleep in both patients on

treatment and those in survivorship. The results of current studies highlight that non-CNS cancers can directly

impact patients’ physiological, psychosomatic, and anatomical features to disrupt sleep. Each point of disruption,

such as pain, BMI, and physical-activity limitations, may serve as a modifiable target for interventions to improve

sleep quality in patients and survivors . Moreover, as further explained below, the type of cancer

and its location may help clinicians predict the various types of sleep disturbances in these individuals.

2.2. Effects of CNS Tumors on Sleep

Nearly 80% of patients with CNS tumors experience sleep issues, with EDS being the most common in

survivorship, as described in a study by Rosen et al., where greater than 60% of CNS tumor patients experienced

EDS in survivorship . Those with tumors of the brainstem, thalamus, or hypothalamus are the most frequent

cancer patients referred for sleep studies; brain tumors are the second leading cause of secondary narcolepsy .

More than a quarter of survivors of pediatric brain tumors are also noted to suffer from insomnia . However,

research into the causes of sleep disturbances in pediatric CNS tumor patients is lacking compared to that in

pediatric CNS tumor survivors. Examples indicate that the location of CNS tumors and disruption of neural

structures that regulate sleep through hormonal control are the strongest examples of the direct effects of brain

tumors on sleep . Craniopharyngioma, a relatively common pediatric brain tumor that typically affects the

hypothalamus, can disrupt melatonin secretion due to damage to the suprachiasmatic nucleus, leading to daytime

sleepiness and poorer quality of life . Posterior fossa tumors, including those at the brainstem, can

result in apneic episodes during sleep, narcolepsy, or SDB, due to infiltration of respiratory centers, leading to EDS

. Interestingly, tumors in areas that are not ordinarily associated with sleep, such as the cerebellum,

can lead to sleep disturbances, with potentially fatal consequences stemming from respiratory failure due to central

sleep apnea, indicating that the cerebellum, primarily thought to direct motor function, may also have a role to play

in controlling respiration, and the disruption of that respiration control leads to central sleep apnea .

Moreover, as Lee et al. describe, the effects of therapies, such as chemotherapy and radiation, on the cerebellum

in contributing to sleep apnea is unclear but is probably a contributing factor to the observed central sleep apnea

. The effects of various pediatric CNS tumors indicate that, taking into account different locations and comparing

their impact on sleep during treatment represent fruitful areas of investigation. This is especially important in
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pediatric oncology, considering that medulloblastomas, which occur in the cerebellum, are among the most

common CNS tumors in children .

In adult survivors of pediatric CNS tumors, EDS continues to remain the main source of sleep disruption, followed

by issues such as increased sleep onset latency, insomnia, and SDB .

Moreover, CNS tumor survivors with high BMI scores had lower levels of melatonin and were at a higher risk of

hypersomnia, narcolepsy, and SDB, indicating that hormonal disruption continues into survivorship and is a

significant component of sleep disturbance, especially in those with high BMIs in the range of obesity .

While associations have been documented between EDS and brain tumors in the pediatric cancer population, the

etiologies of certain sleep disturbances are not always clear. For example, resolution of SDB does not always lead

to an improvement in EDS, suggesting that EDS is a multifactorial problem due to inefficient sleep, significant night

awakenings, or circadian rhythm disorders that may manifest from varying sources .

Overall, the literature examining the impact of brain tumors on sleep indicates that the location of a brain tumor, its

effect on hormone disruption, and its structural disruption of the brain contribute to sleep disturbances .

Moreover, EDS is a significant source of distress in patients and can result due to radiation, chemotherapy, or

surgery, and as Rosen et al. demonstrate, it can continue into survivorship . Pediatric CNS tumor patients and

survivors represent an important population for research into the direct effects of cancer on sleep, especially as

pediatric CNS tumors are the most frequent pediatric cancer referred for sleep studies .

2.3. Effects of Chemotherapy on Sleep

Patients undergoing chemotherapy report significant sleep disturbances, characterized by increased nighttime

awakenings and restlessness . In a sample of mainly leukemia and non-Hodgkin lymphoma patients, 95%

of adolescents undergoing chemotherapy experienced disrupted or low-quality sleep at least three times a week

that was associated with tiredness, decreased alertness, and decreased satisfaction with the prior night’s sleep

quality .

In terms of specific risk factors and mechanisms, some patients who report sleep disturbances during

chemotherapy have been found to have gene polymorphisms in genes encoding Interleukin-6 (IL-6) and tumor

necrosis factor (TNF) that lead to elevated cytokine levels in the context of inadequate sleep . As shown by

Cheung et al. in a study looking at ALL survivors at a median of 7 years following diagnosis, the effects of

chemotherapy on disturbed sleep, such as increased nighttime awakenings, may persist well into survivorship, as a

result of an increase in cortisol, cytokines, and the associated physiologic cascade of immune and inflammatory

responses . These sleep issues have been shown to lead to worsened neurobehavioral outcomes, such as

aggression, attention difficulties, and learning issues .

Chemotherapy also plays a role in increasing the risk of developing psychological disturbances associated with

impaired sleep, including anxiety, mood disorders, and behavioral issues . Further research is needed to

identify the extent to which chemotherapy independently affects sleep during treatment and survivorship, as well as
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to improve our understanding of the underlying risk factors and mechanisms of sleep disturbances that result from

chemotherapy .

2.4. Effects of Steroid Treatment on Sleep

Steroids such as dexamethasone and prednisone are commonly used in the treatment of cancer patients and have

been found to contribute to insomnia in adolescent acute lymphoblastic leukemia patients, some of whom require

sleep aids . Dexamethasone, in particular, is associated with poorer sleep quality compared to those on

prednisone, longer time spent napping to compensate for inefficient nighttime sleep than prednisone, and

disruption of REM sleep . As evidenced by a study in ALL patients between the ages of 5 and 18 years

old, dexamethasone is also associated with changes in circadian rhythm activity and an increased feeling of fatigue

. Sanford et al. also demonstrated, through the evaluation of patients with ALL on maintenance treatment, that

gender differences may exist in experienced sleep issues, considering that inadequate sleep duration and quality

due to dexamethasone appeared to be exaggerated in females .

More research is needed to fully understand the mechanisms of sleep disturbance that result from steroid

treatment and why some agents (e.g., dexamethasone) appear to have more impact than others (e.g., prednisone).

The differing effects of the two steroids may be attributable to the nearly three-fold longer half-life, stronger

potency, and increased CNS penetration of dexamethasone when compared to prednisone . Further, in a

study exploring the mechanism behind dexamethasone’s effects on sleep, pediatric leukemia patients on

dexamethasone with certain genotypes for the genes  IL-6, polymerase delta-interacting protein 3 (POLDIP3), or

α -Heremans-Schmid glycoprotein (AHSG), which encodes a hepatic protein, were affected most negatively in

terms of sleep duration and efficiency, again indicating that patient-specific characteristics increase vulnerability to

sleep difficulties under certain conditions and treatments .

There is a consensus that steroids lead to increased daytime napping and nighttime insomnia; as they are a

mainstay of cancer treatment, practitioners should be aware of the sleep disruption that they can cause. As with

chemotherapy, more research is necessary to ascertain the impact of individual steroid agents on sleep

independent of other factors, as well as to better identify patient characteristics that may lead to greater

vulnerability to sleep disturbance with steroids.

2.5. Effects of Radiation Therapy on Sleep

Few works in the literature exist regarding the direct effects of radiation therapy on sleep in pediatric cancer

patients. Cranial radiation affects brain structures, such as the suprachiasmatic nucleus that regulates sleep and

wakefulness, through direct injury to those structures . Effects of such radiation-induced injuries to the

sleep-regulating structures in the hypothalamic–pituitary axis, including the SCN, may persist into adulthood 

.

Endocrine changes secondary to radiation therapy may also have a role in affecting sleep years after treatment.

For example, adults who were treated as children with cranial radiation therapy (CRT) and reported difficulty with

[60]

[2]

[68][69][70][71]

[72]

[73]

[74][75]

2

[76]

[77][32][78][79]

[32][55]

[78][79][80]



Sleep Disturbances in Pediatric Cancer Patients | Encyclopedia.pub

https://encyclopedia.pub/entry/18019 7/14

wakefulness after sleep demonstrated lower growth-hormone peak levels after an insulin challenge .

Considering that the hypothalamus regulates growth hormone release and sleep, both functions that are potentially

affected by CRT, further research is needed to determine the interplay not only between the disruption of growth

hormone release due to CRT and sleep but the long-term impact of CRT on the brain structures involved in the

hormonal control of sleep .

2.6. Effects of the Hospital Environment on Sleep

The hospital environment leads to shorter total sleep duration and difficulty remaining asleep during inpatient stays

. Hospitalized pediatric cancer patients with disrupted sleep experience greater levels of fatigue and

tend to sleep longer during the day to compensate for nighttime disruptions that are at least partly related to

nighttime room entries and exits, excessive lights, and noise . When comparing specific cancers, Graef et

al. described that hospitalized pediatric patients between the ages of 4 and 19 years old with medulloblastoma

exhibited drastically shorter sleep durations and higher sleep onset latency than pediatric patients with ALL or non-

CNS solid tumor patients . Such studies highlight the potential for optimizing the inpatient environment and

clinical practices as intervention targets to improve sleep in pediatric cancer inpatients.
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