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Abstract

Cancer incidence, mortality, and immunotherapy outcomes in relation to sleep problems:
Results from Cardiovascular Health Study and a cancer immunotherapy cohort

Arthur Sillah
Chair of the Supervisory Committee:
Amanda I. Phipps
Department of Epidemiology

Background: Sleep problems (SP) affect a large proportion of adults: an estimated 50-70 million U.S.
adults suffer from sleep problems. Among numerous potential health consequences, sleep problems may
be adversely associated with cancer risk and cancer mortality. There has been evidence from human
studies and numerous animal studies linking sleep problems to cancer development and proliferation in
recent years. The mechanisms underlying such cancer-related effects likely reflect the adverse
downstream consequences of disruptions to the 24-hour circadian rhythm or physiologic insults
of sleep disorders such as sleep apnea. In light of the high prevalence of sleep problems in the
population, the potential connection of these problems to cancer occurrence and mortality is a pressing
public health concern.

Beyond its impact on cancer risk, sleep disturbances are a prominent concern of cancer
patients, with up to 80% reporting disturbed sleep. One particular concern in this patient
population is the fact that disturbed and insufficient sleep adversely affects immune health. The
presence of a strong T-cell response in cancer, indicating activation of the adaptive immune
system, has been consistently associated with better patient outcomes. Existing and emerging
immunotherapies are attempting to harness the T-cell response to treat several forms of cancer by

targeting immune-suppressive proteins, such as programmed cell death-1 receptor (PD-1), its
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ligand PD-L, and cytotoxic T lymphocyte antigen 4 (CTLA-4) using immune checkpoint
inhibitors (ICIs). Accordingly, disruptions to the circadian rhythm could plausibly have
implications for the effect of these therapies.

Therefore, we sought to quantify the associations of SP with cancer incidence, mortality,
aggressiveness, and ICI outcomes in the context of the longitudinal Cardiovascular Health Study
(CHS) and a pilot study of cancer patients initiating ICIs (The Lifestyle Attributes and Sleep in
Immunotherapy Response (LASIR) Study).

Methods: We assessed the association of self-reported SP with incident cancer (N=3930,
excluding prevalent cancers) and cancer mortality (N=4580) among Cardiovascular Health Study
(CHS) participants, a population-based study of adults aged >=65 years recruited from four US
communities. Participants reported sleep apnea symptoms (SAS) and insomnia symptoms at each
visit between 1989-1994. Cancer incidence was ascertained through linkage with state cancer
registries through 2005; cancer-specific death was adjudicated through 2015. We used Cox
proportional hazards regression to calculate hazard ratios (HR) and 95% confidence intervals
(C) for associations of baseline and longitudinal SP with subsequent cancer incidence and
cancer mortality, adjusting for a priori selected confounders, including gender, study phase, age,
smoking, body mass index, diabetes, physical activity levels, and alcohol consumption.

For the LASIR cohort, 33 participants consented to the study, of whom 32 initiated an
ICI treatment. We collected questionnaire data on primary SP (sleep apnea risk) and secondary
SP, including insomnia and general sleep patterns. We extracted patient attributes on the date
corresponding to the patient’s last visit at SCCA prior to or at ICI initiation from the Electronic
health records (EHR) six months post-ICI initiation. We also extracted information on their

cancer attributes at diagnosis, prior cancer treatments information, vital status, the type, dates,
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number of ICI infusions, and response assessment indicators. Our primary analyses included the
associations of SP with tumor aggressiveness at diagnosis and ICI tolerance, indicating a likely
favorable response to treatment. Tumor aggressiveness was defined by M-stage (MO0 vs. M1). Six
or more infusions was considered ICI tolerability. We ran a Poisson regression with robust
standard errors to assess the association between SP and tumor aggressiveness, adjusting for age,
gender, body mass index, and reported prevalence ratio (PR) and associated 95% CI for the
associations. We used logistic regression models to assess the association between sleep apnea
and insomnia risk with the number of ICI infusions received, adjusting for male gender, age at
ICI, and prior cancer treatment. We calculated the odds ratio (OR) and 95% confidence intervals
(CI) for associations with this outcome.

Results: The mean age of the CHS study population was 73 years, 57% were female, and 83%
were white. Overall, 885 first incident cancers and 804 cancer deaths were identified over a
median follow-up of 12 and 14 years, respectively. Briefly, compared to participants who
reported no SAS, the risk of incident cancer was inversely associated [(HR(95%CI)] with
snoring [baseline: 0.84 (0.71, 0.99), time-dependent: 0.76 (0.65, 0.89)]. We noted an elevated
cancer incidence for prostate cancer for time-dependent analyses of apnea [2.34 (1.32, 4.15)],
baseline snoring [1.69 (1.11, 2.57)] and cumulative average snhoring [2.17(1.22, 3.86)]. We found
a significantly elevated HR for lymphatic or hematopoietic cancers [baseline snoring: 1.81 (1.06,
3.08)]. We also noted an inverse relationship for cancer mortality with respect to snoring [time-
dependent: 0.73 (0.62, 0.86); cumulative average: (0.67 (0.50, 0.90)) and baseline apnea (0.69
(0.51, 0.94)]. We found a significant inverse relationship between difficulty falling asleep and

colorectal cancer death [baseline: 0.32 (0.15, 0.69), time dependent: 0.41 (0.17, 0.98) and

4|Page



cumulative average: 0.28 (0.09, 0.84)] and baseline snoring with lung cancer death [0.56 (0.35,
0.89)].

The mean age of the LASIR cohort was 61 years, 61% were male, 85% were white, 64%
were partnered, 70% had a college degree, 79% had a BMI of at least 25 kg/m?, 3% were current
smokers, 18% reported sufficient weekly physical activity (150 min/week at moderate
equivalent) and 18% high stress. The prevalence of low, intermediate, and high-risk OSA risk
was 36%, 42%, and 21%, respectively. Of the secondary SP considered, 58% of participants
reported clinically significant insomnia, 72% experienced an average or restless night sleep, 30%
reported taking longer than 15 min to fall asleep, 46% had ideal night sleep, and 36% reported an
evening chronotype. We did not find a significant association [(PR(95%CI)] between
intermediate or high-risk OSA and metastatic cancer compared to low-risk OSA [1.01 (0.28,
3.67)] Of the secondary sleep attributes considered, patients who reported taking more than 15
minutes to fall asleep were 3.6 times more likely to be diagnosed with metastatic cancer
compared to those reporting shorter sleep latency [95% CI (1.74, 7.35)]. Additionally, patients
reporting a morning chronotype were less likely to be diagnosed with metastatic cancer
compared to those reporting evening chronotypes [0.23 (0.09, 0.58)]. Similarly, we did not find
any significant association [(OR (95%CI)] between intermediate or high-risk OSA and six or
more infusions compared to low-risk OSA [0.27 (0.02, 3.41)]. Similarly, we found no significant
association between insomnia and six or more infusions [0.23 (0.03, 1.60)].

Conclusion: Despite the mostly null results in the CHS study, there were a few notable elevated
and inverse relationships between SP and cancer-site specific incidence and cancer mortality.
The results add to the growing evidence suggesting the physiologic effect of sleep problems on

cancer is heterogeneous across cancer sites. Therefore, future larger community based
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prospective studies addressing more cancer site and molecular type-specific associations and
improved SP self-report documentation over time are needed.

Additionally, the immunotherapy cohort gives insights into the potential burden and
impact of SP on tumor aggressiveness and ICI treatment response. The results could inform
larger-scale observational studies with an ultimate goal of informing clinical trials focused on

finding effective sleep quality improvement interventions in ICI cancer treatment populations.
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Sleep problems (SP) affect a large proportion of adults: an estimated 50-70 million U.S.
adults suffer from chronic sleep and wakefulness disorders?, and about 35% of adults average
less than the recommended 7 hours of daily sleep.! Among numerous potential health
consequences, sleep problems may be adversely associated with cancer risk and cancer
outcomes. There has been evidence from both human studies and numerous animal studies
linking SP to cancer development and aggressiveness in recent years.?®

The mechanism for the effect of SP on cancer development and progression could be
through disruptions in the 24-hour circadian rhythm.>’ This rhythm is generated endogenously
in coherence with external cues, thus enabling alignment of physiological process changes in
the day—night cycle.” Disruptions to the circadian rhythm result in increased inflammation, and
reduced production of hormone melatonin which help prevent cellular damage.® The effects of
these physiologic insults have been seen in numerous cancer cell lines, which likely contribute
to aggressive tumor proliferation.® Taken together, there are biologically plausible reasons to
expect an effect of SP induced circadian rhythm disruption on cancer pathways. In light of the
high prevalence of sleep problems in the population, the potential connection of these problems
to the occurrence of cancer is a pressing public health concern.

Despite strong biological plausibility and suggestive epidemiologic evidence,
methodologic challenges in evaluating the relationship of sleep problems with cancer have
limited epidemiologic studies on this topic. For instance, because historic sleep patterns may
be difficult for study participants to accurately recall, study questionnaires typically inquire

about recent sleep patterns (i.e., in the past month). Sleep data collected at a single baseline
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interview may then be related to subsequent cancer incidence and mortality. However, sleep
patterns are likely to change over time and with age. In failing to capture such changes,
important information regarding the relationship of sleep with cancer may be lost. Likewise,
wide domains of SP indicative of OSA have not been studied together with respect to cancer
incidence and mortality in a cohort of older individuals. As such, it is important to consider
other study designs that focus on several dimensions of SP and their impact on cancer incidence
and mortality. Using longitudinally collected sleep data from the Cardiovascular Health Study
(CHS), we attempted to mitigate this limitation in relating sleep problems with subsequent
cancer incidence and mortality (Chapter 2).

The focus of Chapter 3 on sleep in cancer patients addresses an important gap in knowledge.
Sleep problems in cancer patients are common and may result as a side-effect of cancer
therapy®1° or as a consequence of cancer-related anxiety, but may also reflect the previously
established carcinogenic role of SP, 1123 with increasing evidence demonstrating that the overall
level of T cells within a tumor is favorably associated with prognosis.?43? As such, given the role
of circadian rhythms in regulating healthy immune responses, sleep disruptions could have
implications for the effectiveness of therapeutic strategies targeting the immune system in cancer
patients, such as immune checkpoint inhibitors (ICls). Therefore, regardless of their etiology, the
consequences of such sleep problems in cancer patients have the potential to be far-reaching.
Thus, as ICIs become increasingly common options for many cancer patients, it is critical to
understand how sleep problems may relate to cancer aggressiveness and impact treatment
outcomes in cancer immunotherapy patients.

Thus, our study provides a further understanding of the role of sleep problems in cancer

incidence, prognosis, and immunotherapy outcomes.
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Chapter 2: Cardiovascular Health Study

Title: Sleep problems and risk of cancer incidence and mortality in an older cohort: The
Cardiovascular Health Study (CHS)

13| Page



Abstract
Introduction: Even in the absence of a formal diagnosis, sleep problems (SP) are frequently
indicative of an underlying sleep disorder, such as obstructive sleep apnea, which may be

adversely associated with cancer risk and cancer mortality.

Methods: We assessed the association of self-reported SP with incident cancer (N=3930,
excluding prevalent cancers) and cancer mortality (N=4580) among the participants of
Cardiovascular Health Study (CHS), a population-based study of adults aged >=65 years recruited
from 4 US communities. Participants reported sleep apnea symptoms (SAS) and insomnia
symptoms at each visit between 1989-1994. Cancer incidence was ascertained through linkage
with state cancer registries through 2005; cancer specific death was adjudicated through 2015. We
used Cox proportional hazards regression to calculate hazard ratios (HR) and 95% confidence
intervals (ClI) for associations of baseline and longitudinal SP with subsequent cancer incidence
and cancer mortality, adjusting for gender, study phase, age, smoking, body mass index, diabetes,
physical activity levels, and alcohol consumption.

Results: The mean age (SD) of the study population was 73 (6) years, 57% were female, and 83%
were white. Overall, 885 first incident cancers and 804 cancer deaths were identified over a median
follow-up of 12 and 14 years, respectively. Briefly, compared to participants who reported no SAS,
the risk of incident cancer was inversely associated [(HR(95%CI)] with snoring [baseline: 0.84
(0.71, 0.99), time-dependent: 0.76 (0.65, 0.89)]. We noted an elevated cancer incidence for
prostate cancer for time-dependent analyses of apnea [2.34 (1.32, 4.15)] and baseline snoring [1.69
(2.11, 2.57)] and cumulative average snoring [2.17(1.22, 3.86)]. We also noted a significant
elevated HR for lymphatic or hematopoietic cancers [baseline snoring: 1.81 (1.06, 3.08)]. We

found an inverse relationship for cancer mortality with respect to snoring [time-dependent: 0.73
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(0.62, 0.86); cumulative average: (0.67 (0.58, 0.97)) and baseline apnea (0.69 (0.51, 0.94))]. We
noted a significant inverse relationship between difficulty falling asleep and colorectal cancer
death [baseline: 0.32 (0.15, 0.69), time dependent: 0.41 (0.17, 0.98) and cumulative average: 0.28
(0.09, 0.84)] and baseline snoring with lung cancer death [0.56 (0.35, 0.89)].

Conclusions: Our study showed mixed results for the association between SP and cancer incidence
and mortality. Future larger community based prospective studies addressing more cancer site and
molecular type-specific associations and improved SP self-report documentation over time are

needed.

Introduction

Sleep problems affect a large proportion of adults: an estimated 50-70 million U.S. adults
suffer from chronic sleep and wakefulness problems ! and about 35% of adults average less than
the recommended 7-8 hours of daily sleep.! Even in the absence of a formal diagnosis, sleep
problems (SP) are frequently indicative of an underlying sleep disorder, such as obstructive sleep
apnea (OSA)* and insomnia.>* Sleep problems have been linked to numerous adverse health
outcomes including type 2 diabetes and hypertension, cardiovascular disease,*® mortality®’, a
substantial increase in healthcare utilization®, and motor vehicle accidents.® Together, these
effects have substantial consequences for older adults.*

Evidence has emerged suggesting SP and circadian rhythm disruptions are risk factors for
cancer development and progression. Animal and in vitro studies provide evidence for the role of
the circadian system as a tumor suppressor through cell cycle freeze, inhibition of cellular
proliferation, promotion of apoptosis, and anti-angiogenesis.***3

Most epidemiologic studies of SP in relation to cancer in humans have focused on the

impact of shift work, as well as sleep duration measures. Specifically, numerous empirical
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findings of the adverse impact of shift work on cancer development and progression have led
the International Agency for Research on Cancer (IARC) to classify shift work involving
significant circadian disruptions as a probable carcinogen.???® Evidence of this carcinogenic
effect is strongest for breast cancer,* but also suggests an increased risk of incident prostate
and colorectal cancers.** Furthermore, short sleep duration (typically <7 hours) has been linked
with increased risks of cancer overall,*“® gastric cancer*’, and breast cancer*® and poor overall
cancer and breast cancer survival particularly in combination with snoring.*®>° With respect to
other aspects of SP, some recent studies have provided suggestive evidence for an association
between OSA and cancer incidence®°!>® and mortality.>*>° A recent meta-analysis of eight
studies also found an overall increased risk of cancer for individuals with insomnia compared to
those without insomnia and reported that risk was mostly driven by studies conducted in
women.*

Beyond this prior work, several methodologic challenges in evaluating the relationship
of sleep disturbances with cancer have limited epidemiologic studies on this topic. For
instance, sleep patterns are likely to change over time and with age and wide domains of sleep
disordered symptoms indicative of OSA and insomnia have not been simultaneously assessed
with respect to cancer incidence and mortality in a cohort of older individuals. To advance our
understanding of various components of sleep quality and sleep disorder symptoms, we
assessed several dimensions of SP and their impact on cancer incidence and cancer mortality

using longitudinally collected sleep data from the Cardiovascular Health Study (CHS).
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Methods

Study Participants and settings

The CHS is an observational cohort study of men and women aged >=65 years recruited
from a random sample of the Health Care Financing Administration Medicare eligibility list of 4
US communities: Forsyth Country, North Carolina: Sacramento County, California; Washington
County, Maryland; and Pittsburgh, Pennsylvania.>’ Participants forming part of the original
cohort were enrolled between 1989-1990 (94% White, 5% African Americans, 1% other ethnic
group; N=5201), and an additional supplemental cohort was enrolled between 1992-1993
(predominantly African American (AA), N=687).>” We excluded participants missing SP and
covariate data at baseline (n=1308); for analyses of cancer incidence, we also excluded
participants who had history of cancer at the time of recruitment (n=650). The excluded
participants did not differ from the analytic sample with respect to age, sex, and racial
distribution.
Sleep problems ascertainment

Longitudinal sleep data was ascertained through self-reported sleep symptoms collected at
baseline (1989-90) and study exams in 1991-92, 1993-94, and 1994-95 for the original CHS
cohort; for the supplemental cohort, these data were collected at baseline (1992-93) and the study
exam in 1994-95. The same set of sleep questions were asked at each of the visits and have been
previously validated with polysomnography (PSG) data from a subset of participants enrolled in
the Sleep Heart Health Study (n= 1240). °®° Participants reported the following sleep apnea
symptoms (SAS):
)] Are you usually sleepy in the daytime? (Daytime sleepiness)

i) Has your spouse/roommate complained about your loud snoring? (Snoring)

17 |Page



iii) Has anyone observed you while sleeping to have episodes where you stop breathing
for a while & then snore? (Observed apnea)
In addition to daytime sleepiness, participants also reported the following insomnia symptoms
(15):
i) Do you usually have trouble falling asleep? (Problem falling asleep)
i) Do you usually wake up several times at night? (Problem maintaining sleep)
iii) Do you usually wake up far too early? (Early morning wakefulness)
Other variables
We included demographic attributes [i.e., sex, age, race (white, black other), ethnicity
(Hispanic, non-Hispanic) marital status (partnered, unpartnered), and the number of years of
education completed)] and behavioral factors (i.e., smoking (current, former and never), weekly
alcohol consumption, and physical activity), collected by questionnaires at baseline and follow-
up visits. Alcohol consumption per week was computed from the reported usual frequency of
consumption of beer, wine, and liquor, and the usual number of drinks consumed on each
occasion °” and categorized into <1, 1-6, 7-13, and 14+ alcohol beverages per week. Physical
activity (in kilocalories per week) was collected using a modified Minnesota Leisure-Time
Activities questionnaire®”®° and categorized into quartiles. Body mass index (BMI) was
calculated by dividing study staff-measured weight in kilograms by height in meters squared and
grouped into standard categories (< 25 kg/m?, 25-29 kg/m?, >30 kg/m?). Participants were also
asked about their disease history (diabetes, hypertension, and coronary heart disease) and

verified from hospital and physician records, as previously described.5%6*
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Cancer incidence ascertainment

Cancer incidence (overall and site-specific) was ascertained through 5 population-based

cancer registries serving the 4 CHS regions; linkage to these data is complete through 2005.52
Cancer-specific mortality

Standardized protocols for the identification of cardiovascular events and deaths were
implemented during follow-up.%” Deaths among CHS participants have been adjudicated through
2015 by a study-wide Event Review Committee made up of physicians representing the 4 study
sites.%%%* The committee reviewed medical records, death certificates, and other information to
adjudicate the underlying cause of death.

Statistical analysis

All analytical procedures were conducted using Stata 14.0 (College Station, Texas)%,
with statistical significance considered at a 2-sided alpha value of 0.05. In descriptive analyses,
we examined the distribution of participants' baseline characteristics overall and stratified by the
number of SAS. We calculated means (standard deviation) for normally distributed continuous
variables and median (interquartile range) for non-normally distributed continuous variables and
with percentages for categorical measures. We tabulated the overall and site-specific counts for
incident cancers and subsequent cancer mortality along with their tumor attributes according to
tumor summary stage.

We used Cox proportional hazards regression to evaluate the association between SP and
cancer incidence and cancer mortality overall and for cancer sites with at least 50 incident cases
and deaths. We calculated the hazard ratios (HR) and 95% confidence intervals (CI) for the
associations. For the cancer incidence outcome analysis, 3930 participants free of cancer at

baseline were included in the analysis. Participants contributed person-time to the analyses until
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cancer incidence or at the time of the last attended visit, all-cause death, or end of follow up (31
December 2005) whichever came first. With respect to the cancer mortality outcome, 4580
participants were included regardless of their baseline cancer status. Participants contributed
person-time to the analyses until cancer mortality or at the time of the last attended visit, other
cause-specific death, or end of follow up (31 December 2015) whichever came first.

For both analyses, we modeled SP in several ways: 1) using baseline values only, 2)
allowing SP to be time-varying by incorporating follow-up data as time-dependent, and 3)
allowing SP variables to be time-varying by modeling a cumulative average of previous values
of the SP variable (coded as 0,1) each year to examine chronic effects of SP. We also allowed
BMI to vary for the time-varying analysis given its strong correlation with both SP and cancer
outcomes.®® Each missing value of the time-varying SP and BMI was replaced by the last
observed value of that variable.

In addition to running a separate model for the SAS, we also assessed the joint effects of
the baseline values coded as 0 for no sleep apnea symptoms, 1 for having any symptom, and 2
for two or three symptoms. We treated the IS variables similarly by combining symptoms based
on the number of the symptoms reported.

Finally, we ran several sensitivity analyses. We censored the first 2-years and 5-years of
follow-up for cancer incidence and cancer mortality analyses, respectively, to reduce the possible
influence of reverse causation (i.e. undiagnosed cancer or worsening cancer contributing to SP).
In addition, we calculated a modified version of the 8-item validated STOP-BANG for
assessment of OSA risk with scores ranging from 0-8 and categorized into low risk (0-2),
intermediate risk (3-4), and high risk (5-8).” The STOP-BANG uses information on whether a

patient snores (S), experiences daytime tiredness (daytime sleepiness, T), breathing cessation
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during sleep (observed apnea, O), has high blood pressure (P), body mass index (B) >35 kg/m?,
older than 50 years of age (A), > 40cm neck circumference (N), and male gender (G). Since neck
circumference was only assessed for years 1994-95, we upweighted baseline BMI by assigning 0
for <25 kg/m?, 1 for 25-34 and 2 for > 35 kg/m?2. We also computed a STOP-BANG score for
the supplementary cohort which was enrolled 1-year prior to neck circumference ascertainment.
We opted to use the modified STOP-BANG (which had excellent agreement with the original
STOP-BANG, kappa=0.76) to make use of most of the data in our sensitivity analysis.
Furthermore, because of the strong relationship between BMI and SP and cancer outcomes, we
also assessed the possibility of BMI as an effect modifier of the relationship of SP with cancer
incidence and cancer mortality by presenting HR estimates stratified by BMI categories. In
addition, because late stage cancer generally has poorer treatment response it is unlikely that
treated late stage cancer will mitigate the effects of SP, and also since SP provides a more
favorable environment for tumor growth, angiogenesis, and metastasis, it is likely that it may
play more important roles in cancer progression than initiation ( thus more strongly associated
with the incidence of advanced cancers), we also presented cancer stage-specific estimates.
Lastly, because most prior studies of SP and cancer have primarily focused on breast and
prostate cancers, we presented a sex-stratified analysis.

Models were adjusted for a priori selected confounders, including gender, study phase,
baseline age (continuous), smoking, BMI (continuous), diabetes, physical activity levels
(continuous), and alcohol consumption (continuous). A formal test for proportional hazards
assumptions was performed by evaluating the nonzero slope of the scaled Schoenfeld residuals

on ranked failure times.®8
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Results

Patient characteristics

The mean age of the study population was 73 years, 57% were female, 83% were white,
70% were partnered, 20% were at least a college graduate, 60% were overweight or obese, and
12% were current smokers. The distribution was similar across the SAS groups except that,
among those with 2+ SAS symptoms, 35% were female, 81% were partnered, 70% were
overweight or obese. (Table 2.1)
Prevalence of sleep problems

The prevalence of SAS was 17% for daytime sleepiness, 9% for observed apnea, and
24% for snoring; 63% reported none of the three SAS. The prevalence of IS was 21.9% for
difficulty falling asleep, 63% for problems staying asleep, and 32% for early morning
awakenings; 38% reported no IS (including daytime sleepiness).
Cancer characteristics

Overall, 885 first incident cancers and 804 cancer deaths were identified over a median
follow-up of 12 and 14 years, respectively. The median interval between SP data collection and
cancer incidence ranged from 1.6 years for cervical cancer to 9 years for lymphatic or
hematopoietic cancer; for cancer mortality, follow-up ranged from 2.9 years for cervical to
almost 13 years for uterine cancer death. The most common cancer sites were prostate and lung
(13%), colorectal cancer (12%), lymphatic or hematopoietic cancers (9%), and breast cancer
(8%). The most common cancer sites for cancer death were lung (17%), lymph and colorectal
cancer (11%), prostate (8%), pancreas (6%), urinary bladder, stomach, and breast cancer (4%).
Among those diagnosed with cancer during follow-up, 41% were diagnosed with early-stage

disease. Conversely, among participants for whom cancer stage information was available
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(~50%) and who died during follow-up, the largest proportion were diagnosed at a late stage

(18%). (Table 2.2)

Association between SP and cancer incidence

Table 2.3 presents the adjusted HRs and 95% Cls [reported as HR (95% Cls)] for cancer
incidence in relation to baseline, time-dependent, cumulative averages, and baseline cumulative
number of SAS and insomnia symptoms respectively. Compared to participants who reported no
SAS, the risk of incident cancer was inversely associated with snoring [baseline: 0.84 (0.71,
0.99), time-dependent: 0.76 (0.65, 0.89)]. There were no observed significant associations with
cancer incidence for daytime sleepiness and apneas. The total number of baseline SAS showed
an inverse association for increasing number of symptoms compared to those reporting no SAS
[any symptom: 0.81 (0.69, 0.95); 2+ symptoms 0.77 (0.61, 0.97)]. We found no evidence of
association for symptoms of insomnia, whether considered individually or cumulatively.
Of the specific cancer sites evaluated, significantly elevated cancer incidence was noted for
prostate cancer for time-dependent analyses of apnea [2.34 (1.32, 4.15)] and baseline snoring
[1.69 (1.11, 2.57)]; the observed association with snoring was increased when modeling this
exposure as cumulative average [2.17 (1.22, 3.86)]. For prostate cancer, we also found a dose-
response relationship for baseline cumulative SAS symptoms compared to those reporting no
symptoms [any symptom: HR=1.30 (0.84, 2.01); 2+ symptoms HR=2.22 (1.30, 3.79)]. We also
noted a significantly elevated HR for lymphatic or hematopoietic cancers [baseline daytime
sleepiness: 1.81 (1.06, 3.08)]; with respect to the IS symptoms, a significant inverse relationship

was noted for problem staying asleep (cumulative average 0.54 (0.31, 0.92)).
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Association between SP and cancer mortality

Table 2.4 presents the adjusted HRs and 95% Cls [reported as HR (95% Cls)] for cancer
mortality in relation to baseline, time-dependent, cumulative averages, and baseline cumulative
number of SAS and insomnia symptoms respectively. We found significant inverse relationship
for cancer mortality with respect to snoring [time-dependent: 0.73 (0.62, 0.86); cumulative
average: 0.67 (0.58, 0.97)) and baseline apnea (0.69 (0.51, 0.94)]. The total number of baseline
SAS showed an inverse association for increasing number of symptoms compared to those
reporting no SAS [any symptom: 0.90 (0.76, 1.06); 2+ symptoms 0.75 (0.58, 0.97)]. None of the
IS was significantly associated with cancer mortality. We noted a significant inverse relationship
between difficulty falling asleep and colorectal cancer death [baseline: 0.32 (0.15, 0.69), time
dependent: 0.41 (0.17, 0.98) and cumulative average: 0.28 (0.09, 0.84)] and baseline snoring
with lung cancer death (0.56 (0.35, 0.89)). We also found an inverse dose response relationship
between lung cancer mortality and baseline cumulative SAS compared to those reporting no
symptoms [any symptom: HR=0.84 (0.56, 1.24); 2+ symptoms HR=0.35 (0.16, 0.77)].
Sensitivity analysis

The overall patterns observed in the main results did not differ for cancer incidence
overall and cancer mortality when we imposed 2- and 5-years outcome censoring and stratified
by sex (Sup Table 2.1), when we stratified by BMI and cancer stage (Sup. Table 2.2) or when

we used modified STOP-BANG measure instead of combined SAS (Sup Table 2.3).

Discussion
Despite the mostly null results in the present study, there were a few notable elevated and
inverse relationships between SP and cancer-site specific incidence and cancer-specific

mortality. We found an inverse association between cancer incidence overall and snoring, and a
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null association with daytime sleepiness and apneas. In addition, we found an inverse dose
response with combined SAS and no evidence of association for symptoms of insomnia. Of the
site-specific cancer incidence considered, we noted an association of snoring, apnea, and a dose-
response for cumulative SAS with elevated prostate cancer incidence. We also found an
association between daytime sleepiness and elevated lymphatic or hematopoietic cancers
incidence and an inverse relationship with problem staying asleep for these cancers. To the best
of our knowledge, no other studies have noted a relationship between a SAS and increased
incidence of lymphatic or hematopoietic cancers. With respect to cancer mortality, we found an
inverse relationship with snoring, apnea, and combined SAS. Of the cancer sites considered for
site-specific mortality, colorectal cancer and lung cancer were inversely associated difficulty
falling asleep and snoring, respectively. We also found an inverse dose-response relationship
between lung cancer mortality and baseline cumulative SAS compared to those reporting no
symptoms.

The noted inverse and null relationships are inconsistent with the adverse effects of SAS
on cancer development and progression expected based on prior evidence. Notably, numerous
mechanisms for the effect of SP on cancer development and progression are possible, given the
many downstream implications of disruptions in the 24-hour circadian rhythm.>” Animal and in
vitro studies provide evidence for the potential role of the circadian system in tumor suppression
through cell cycle freeze, inhibition of cellular proliferation, promotion of apoptosis, and anti-
angiogenesis.***38 Furthermore, misalignment in the circadian clock could result in reduced
secretion of melatonin.”®"* This could be significant given that melatonin, at sufficient
physiologic levels, has been shown to impede the initiation of tumorigenesis by preventing the

accumulation of DNA adducts that contribute to DNA damage and neoplastic transformation.’>"®
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Another specific aspect of SP, apnea (i.e., recurrent cessations of breathing during sleep and a
symptom of OSA), has been associated with accelerated tumor progression and metastatic
potential through enhanced oncogenic pathways in the presence of intermittent hypoxia.>"4"7
Suggested mechanisms by which intermittent hypoxia could contribute to cancer include the
generation of excessive reactive oxygen species (leading to oxidative stress and induced DNA
damage)’®®, overexpression of the transcriptional regulator hypoxia-inducible factor-lalpha
(HIF-1a), and suppressed immune function.®-8% Additionally, human studies have provided
suggestive evidence for an association between OSA and cancer incidence®®°1538 and cancer
mortality in adults.>** With respect to insomnia symptoms, a recent meta-analysis of eight
studies suggested an overall increased risk of cancer incidence for individuals with insomnia
symptoms in comparison to those without insomnia symptoms.*® Consistent with our study
findings, another meta-analysis consisting of 6 studies found a null association between
insomnia symptoms and cancer mortality.%

In considering the differences between the a priori anticipated effects of SP and cancer
incidence and cancer mortality and our results, we note that the population under study is >65
years whereas some studies have suggested an elevated association could be mostly restricted to
younger people.®®®” For instance, Christensen et al. found no evidence of the relationship
between SAS and incidence of cancer overall but observed an elevated risk in persons younger
than 50 years.8® Moreover, a murine model of SP and lung cancer, old age was protective rather
than deleterious, suggesting that type of cancer and age may be interactively implicated along
with SP to modify their epidemiological characteristics,®® which is consistent with the inverse

association between SP and lung cancer and colorectal cancer mortality, respectively, observed
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in our study. Therefore, the mostly null result in this older cohort does not necessarily rule out
elevated associations in other age groups.

Furthermore, not all cancers are equally susceptible to the physiologic insults of SP as
noted in the heterogeneity across the cancer sites in our present study and several other
studies.53:84.89.90 Of note is the elevated prostate cancer incidence with respect to snoring, apnea,
and cumulative SAS. Given the age range of the study population and the fact that about 75% of
prostate cancer are diagnosed in men who are 65 or older®® it may be suggestive of SP impacting
increased incidence of prostate cancer in this population. This finding is inconsistent with
previous observational studies of SP and prostate cancers.??-% For instance, Markt et al. found no
association between SP and prostate cancer incidence in 12,976 men with 785 cases of incident
prostate cancer over 13 years.*® A more recent study by Tan et al. in 2322 Swedish men aged 50
years or older followed for 40 years also found no significant association between SP and 263
prostate cancer incidence.®® Furthermore, a recent meta-analysis consisting of 18 large studies
found no association between rotating or night-shift work and prostate cancer.®® Conversely,
Chung, et al. study revealed a 35% higher risk of prostate cancer in patients aged >65 years with
sleep disorders compared to their non-sleep disorder counterparts.®” These studies illustrate
some inconsistency in the findings from of the association of sleep problems and cancer to date.

Our study examining the association between SP and cancer incidence and cancer
mortality in the CHS cohort should be interpreted in the context of some key study limitations.
First, the physiologic insults of sleep apnea could not only vary across cancer sites, but also
molecular subtypes of a given cancer site. Marhuenda et. al noted tumor cell growth varied
according to the presence of a representative oncogenic mutation on different cell lines of the

most prevalent histological subtypes of non—small cell lung cancer (adenocarcinoma and

27| Page



squamous cell carcinoma) in response to intermittent hypoxia (IH) mimicking OSA.%8 In
particular, they found significant differences in HIF-1a activation in two of the four histologic
lung cancer cell lines that were exposed to IH compared with normoxia.®® As such, while
colorectal cancer and lung cancer-specific mortality were inversely associated with difficulty
falling asleep and combined SAS respectively in this present study, our findings could have been
impacted by the distribution of histologic cancer cell types that are less susceptible to the
physiologic insults of SP. However, the lack of histologically defined cancer sites precludes us
from teasing out the potential heterogeneous relationship across molecular subtypes of a given
cancer site. Second, different cancers have different treatments, and given that data on treatment
is unavailable, we could not account for this in our analysis of cancer mortality. However,
analysis of cancer mortality stratified by cancer stage did not differ from the overall results
which suggests that treatment is unlikely to fully explain the results since we would expect late-
stage cancers to be less impacted by treatment. Moreover, the lack of this treatment information
could also have biased our estimates to the null. Third, sleep patterns change over time and with
age, which remains a challenging exposure to capture. For instance, some participants had
resolved sleep problems but with no documented reason and the SP is self-report which is
subject to misclassification. However, given that the measures were validated in a subset of the
participants, misclassification is unlikely to significantly impact the results. Additionally, given
that 70% of the cohort is partnered, SAS such as snoring, apnea could be very reliable since it
relies on other people observing them sleep. Moreover, when we restricted the analysis to the
70% of the partnered cohort, the estimates did not change by much. Furthermore, we did not
have information on sleep duration which is key sleep quality metrics that could vary

substantially across participants with SAS or insomnia symptoms and an individual with short
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sleep duration might not have a SAS or insomnia symptoms.®*!% Individuals with both a SAS
and short sleep duration might be experiencing a more severe underlying SP and therefore
subsequent worse cancer outcomes.*® Despite these limitations, the reported SP were pre-
diagnostic (which reduces the likelihood that our results were impacted by reverse causality), and
we were able to assess the impact of baseline and longitudinal SP on cancer incidence and
mortality which is lacking in the current literature.

A key strength of our study is the relatively large sample size which allowed us to
evaluate cancer incidence and cancer mortality overall and site-specific. Furthermore, the study
design ensured temporality between the SP and the study endpoints with several covariates
(including demographic and lifestyle factors) which allowed us to adjust for confounders
selected a priori. Furthermore, the cancer incidence data was ascertained through a cancer
registry (the gold standard in cancer research) while the cancer mortality data was also
thoroughly assessed through half-yearly adjudication leveraging hospital diagnostic and
procedure codes with associated text fields, death certificate diagnoses, and other information on

the study criteria for underlying cause-of-death categories.

Conclusions
In conclusion, our study showed mixed results for the association between SP modeled at
baseline and longitudinally and cancer incidence and mortality. We noted an inverse association
between SP and lung and colorectal cancer mortality. Our results also showed an elevated risk of
prostate cancer with respect to SAS. Given the high prevalence in men 65 years and older, and
the ease with which SAS can be ascertained and managed, this finding may suggest an

opportunity for reducing the burden of prostate cancer in older men if the association was causal.
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Future larger community based prospective studies addressing more cancer site and molecular

type-specific associations and improved SP self-report documentation over time are needed.
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Tables

Table 2.1: Selected baseline characteristics overall and according to composite sleep apnea
symptoms (SAS) in CHS

SAS composite group
Any 1 symptom 2+ symptoms

Characteristics Total (n=4580)* 0 symptoms (n=2864) (n=1235) (n=481)
Age at baseline, mean (SD) 72.6 (5.5) 72.5(5.4) 72.8 (5.8) 72.6 (5.4)
age group
64-69 35.6 36.1 34.9 34.7
70-74 32.1 32.2 31.7 32.6
75-79 19.8 19.5 20.6 19.8
80-84 9.1 9.1 8.4 11.0
85+ 3.4 3.2 4.45 1.9
Partnered living 70.2 67.9 715 80.5
Female 56.6 62.4 55.7 34.9
Education
<HS 29.9 27.1 34.5 34.1
HS or GED 27.7 29.2 25.8 25.2
Vocational 8.3 8.7 7.9 7.5
Some college 14.0 14 14 13.5
College degree 10.2 10.4 9.8 10.2
Grad or professional deg 9.8 10.7 7.9 9.6
Race
White 83.4 85.1 81.4 78.6
African American/Black 16.2 14.6 18.4 20.6
other 0.4 0.4 0.24 0.8
Hispanic 1.2 1.0 13 15
BMI, kg/m?
Mean (SD) 26.7 (4.7) 26.2 (4.5)) 27.8 (5.0) 27.7 (4.8)
<25 39.3 43.4 33.4 29.9
25-29 41.1 39.2 45.0 42.8
30+ 19.6 17.5 21.6 27.2
Smoking
Never 46.6 49.5 43.7 36.2
former 42.0 39.2 44.8 51.4
current 11.5 11.3 11.5 12.5
Alcohol beverages per week
median (IQR) 0.0 (0, 1.25) 0.0 (0, 1.25) 0.0 (0, 1.02) 0.019 (0, 1.5)
none 51.3 50.4 54.7 48.4
<1 18.3 18.8 16.7 20.0
1-6 16.9 17.6 15 17.7
7-13 5.8 6.11 5.6 4.6
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14+ 7.6 7.16 8.1 9.4

Physical Activity (kcal/week)
1132.5 (405.0,

median (IQR) 1080 (373.1, 2305.6) 2376.9) 916.3 (307.5, 2160) 990 (292.5, 2265)
quartiles

<405 24.3 22.5 27.6 27.0
408.8-1110 25.0 24.8 25.6 24.5
1113.8-2415 25.3 26.5 23.1 23.9
2420-14805 25.4 26.2 23.7 24.5
Baseline Coronary Heart Disease 19.0 17.7 20.4 235
Baseline Hypertension 66.0 64.4 69.3 67.4
Baseline Diabetes 16.1 13.5 19.9 21.8

*Includes prevalent cancer
Categorical variables are in percentages and continuous variables in mean (SD) or Median (IQR)
SAS: Sleep Apnea Symptoms
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Table 2.2: Selected characteristics of incident cancers and cancer deaths in CHS

Incidence (n=885)

Cancer group

Death (n=804)

Overall
Common cancer sites
breast
buccal

cervix
colorectal
digest
esophagus
kidney

liver

lung
lymphatic or
hematopoietic
melanoma
ovary
pancreas
prostate
stomach
bladder
uterus
Cancer stage
localized
regional
distant
unknown

Median time
at risk (yrs.)
12.0

4.9
7.0
1.6
7.0
5.6
6.8
6.4
5.6
6.0

9.1
5.0
8.4
4.9
3.4
7.7
4.8
8.6

5.9
6.3
7.6
6.1

n

73
12
1
102

27

113

78
2
11
28
114
20
25
25

360
188
174
76

%

8.3
14
0.1
11.5
0.9
1.0
3.1
0.8
12.8

8.8

0.2

1.2

3.2
12.9
2.3

2.8

2.8

40.7

21.2
19.7
8.6

Median time
at risk (yrs.)
13.5

11.2
111
2.9
9.2
9.5
7.7
11.8
5.9
8.8

11.2
8.1
12.1
7.9
8.8
8.9
12.2
12.8

111
9.0
8.6
7.2

29
11

84
10
11
17

138

87
2
15
47
66
22
30
16

106
115
144
48

%

3.6
14
0.1
10.5
1.2
1.4
2.1
1.0
17.2

10.8
0.3
1.9
5.9
8.2
2.7
3.7
2.0

13.2
143
17.9
6.0

*Cancer stage does not sum up to 100% due to missing stage information
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Table 2.3: Association of SP with cancer incidence overall and with specific cancer sites in CHS, n=3930

Cancer overall
(n=885)

Breast (n=73)

Colorectal (102)

Lung (113)

Lymphatic or
hematopoietic
(78)

Prostate (114)

Sleep apnea symptoms
(SAS): (Primary exposure)
Daytime Sleepiness
Baseline

Time dependent
Cumulative average

Stopped breathing (Apnea)
Baseline

Time dependent
Cumulative average

Snoring

Baseline

Time dependent
Cumulative average

Combined baseline SAS
(Reference: 0 symptoms)

1

2+
Insomnia Symptoms (IS)
Difficulty falling asleep
Baseline
Time dependent
Cumulative average

Problems staying asleep
Baseline

Time dependent
Cumulative average
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HR (95% ClI)

0.93(0.77, 1.12)
0.84 (0.69, 1.01)
0.78 (0.59, 1.04)

0.80 (0.61, 1.05)
0.98 (0.72, 1.36)
0.92 (0.60, 1.42)

0.84 (0.71, 0.99)*
0.76 (0.65, 0.89)**
0.80 (0.62, 1.04)

0.81 (0.69, 0.95)**
0.77 (0.61, 0.97)*

0.92 (0.77, 1.10)
0.90 (0.74, 1.10)
0.92 (0.72, 1.19)

1.07 (0.92, 1.10)
1.07 (0.92, 1.24)
0.98 (0.79, 1.20)

HR (95% Cl)

0.99 (0.44, 1.88)
0.81 (0.44, 1.49)
0.77 (0.31, 1.90)

0.63 (0.15, 2.72)
0.42 (0.12, 1.45)
0.25 (0.027, 2.41)

1.06 (0.56, 2.01)
0.78 (0.48, 1.27)
0.57 (0.22, 1.44)

0.99 (0.57, 1.71)
0.80 (0.23, 2.71)

0.87 (0.49, 1.53)
0.83 (0.27, 1.46)
0.94 (0.45, 1.95)

1.00 (0.61, 1.64)
0.77 (0.48, 1.24)
0.86 (0.46, 1.59)

HR (95% Cl)

0.98 (0.58, 1.67)
0.85 (0.52, 1.38)
0.75 (0.36, 1.57)

0.64 (0.26, 1.61)
0.25 (0.058, 1.06)
0.37 (0.09, 1.46)

0.78 (0.45, 1.35)
1.03 (0.70, 1.52)
1.01 (0.052, 1.94)

1.01 (0.66, 1.56)
0.46 (0.20, 1.09)

0.81 (0.49, 1.33)
0.74 (0.44, 1.26)
0.78 (0.40, 1.50)

1.00 (0.65, 1.53)
0.85 (0.58, 1.25)
0.85 (0.50, 1.44)

HR (95% ClI)

1.38 (0.86, 2.19)
1.05 (0.67, 1.62)
1.33 (0.68, 2.58)

0.65 (0.28, 1.52)
0.54 (0.20, 1.44)
0.39 (0.08, 1.78)

0.50 (0.30, 0.83)*
0.80 (0.55, 1.15)
0.56 (0.28, 1.11)

0.81 (0.53, 1.25)
0.46 (0.22, 0.96)*

0.74 (0.44, 1.24)
0.64 (0.37, 1.11)
0.54 (0.27, 1.06)

1.35(0.90, 2.02)
1.04 (0.73, 1.48)
1.20 (0.71, 2.00)

HR (95% ClI)

1.81 (1.06, 3.08)*
1.21(0.77, 1.92)
1.57 (0.80, 3.08)

0.74 (0.31, 1.73)
0.71(0.26, 1.94)
0.49 (0.12, 1.93)

1.06 (0.62, 1.80)
0.75 (0.49, 1.13)
0.98 (0.49, 1.98)

1.13 (0.69, 1.85)
1.27 (0.63, 2.57)

1.06 (0.56, 2.02)
1.40 (0.86, 2.25)
1.21(0.62, 2.37)

0.81 (0.49, 1.33)
0.77 (0.52, 1.13)
0.54 (0.31, 0.92)*

HR (95% Cl)

0.95 (0.55, 1.62)
1.20 (0.78, 1.86)
0.99 (0.51, 1.93)

1.28 (0.71, 2.29)
2.34 (1.32, 4.15)**
2.25 (1.03, 4.88)

1.69 (1.11, 2.57)*
1.28 (0.83, 199)
2.17 (1.22,3.86)**

1.30 (0.84, 2.01)
2.22 (1.30, 3.79)**

0.49 (0.27, 0.92)
0.20 (0.093, 0.43)**
0.15 (0.064, 0.37)**

1.08 (0.72, 1.62)
1.42 (0.97, 2.11)*
1.31(0.79, 2.17)




Early morning Awakenings
Baseline

Time dependent
Cumulative average

Combined baseline IS
(Reference: 0 symptoms)

1
2
3+

1.11 (0.96, 1.29)
0.92 (0.78, 1.08)
1.12 (0.89, 1.45)

1.06 (0.89, 1.26)
0.96 (0.78, 1.17)
1.19 (0.89,1.26)

0.82 (0.48, 1.38)
1.08 (0.67, 1.71)
0.94 (0.43, 2.04)

0.85 (0.49, 1.50)
0.51 (0.24, 1.06)
0.82 (0.42, 1.62)

1.42 (0.93, 2.16)
1.25 (0.84, 1.86)
1.49 (0.78. 2.84)

0.96 (0.58, 1.61)
0.92 (0.52, 1.65)
1.33 (0.74, 1.36)

1.44 (0.96, 2.18)
0.87 (0.57, 1.31)
1.19 (0.61, 2.32)

1.28 (0.78, 2.09)
1.12 (0.74, 1.96)
1.72 (0.99, 3.00)

1.17 (0.69, 1.97)
0.84 (0.55, 1.28)
1.19 (0.58, 2.43)

1.03 (0.56, 1.88)
1.44 (0.77, 2.68)
1.19 (0.57, 2.50)

1.01 (0.65, 1.55)
1.03 (0.70, 1.52)
1.40 (0.76, 2.56)

1.36 (0.86, 2.16)
0.80 (0.45, 1.44)
0.85 (0.44, 1.61)

* p-value < 0.05 ** p-value < 0.01
Adjusted for: gender, study phase, baseline age, smoking, body mass index, diabetes, physical activity levels, and alcohol consumption
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Table 2.4: Association of SP with cancer death overall and site-specific in CHS, n=4580

Cancer Overall
(n=804)

Colorectal (n=84)

Lung (138)

Lymphatic or
hematopoietic
(n=87)

Prostate (n=66)

Sleep apnea symptoms (SAS):
(Primary exposure)

Daytime Sleepiness
Baseline
Time dependent

Cumulative average

Stopped breathing (Apnea)
Baseline
Time dependent

Cumulative average

Snoring
Baseline
Time dependent

Cumulative average

Combined SAS (Reference: 0
symptoms)

1
2+

Insomnia Symptoms
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HR (95% Cl)

1.08 (0.89, 1.31)
1.01 (0.83, 1.23)
1.11 (0.82, 1.49)

0.69 (0.51, 0.94)*
0.99 (0.70, 1.41)
0.94 (0.58, 1.55)

0.86 (0.72, 1.03)
0.73 (0.62, 0.86)**
0.67 (0.50, 0.90)**

0.90 (0.76, 1.06)
0.75 (0.58, 0.97)*

HR (95% Cl)

1.37 (0.80, 2.35)
1.03 (0.57, 1.86)
1.29 (0.53, 3.13)

0.87 (0.34, 2.20)
1.05 (0.37, 2.96)
1.22 (0.29, 5.18)

0.71 (0.34, 1.20)
0.88 (0.53, 1.46)
0.72 (0.29, 1.83)

0.82 (0.49, 1.37)
0.89 (0.43, 1.83)

HR (95% Cl)

1.11(0.70, 1.77)
1.40 (0.90, 2.18)
1.45 (0.71, 2.97)

0.58 (0.25, 1.36)
0.64 (0.23, 1.78)
0.36 (0.07, 2.02)

0.56 (0.35, 0.89)*
0.76 (0.51, 1.12)
0.48 (0.22, 1.02)

0.84 (0.56, 1.24)
0.35 (0.16, 0.77)**

HR (95% Cl)

1.69 (0.99, 2.85)
1.02 (0.57, 1.83
2.08 (0.97, 4.49)

0.61(0.24, 1.52)
0.74 (0.23, 2.39)
0.56 (0.11, 2.79)

0.88 (0.51, 1.49)
0.66 (0.41, 1.09)
0.57 (0.24, 1.38)

1.04 (0.64, 1.70)
0.93 (0.46, 1.89)

HR (95% ClI)

1.42 (0.77, 2.61)
0.93 (0.45, 1.94)
1.91(0.71, 5.13)

0.71(0.27, 1.86)
1.93 (0.67, 5.58)
1.68 (0.35, 8.10)

1.50 (0.84, 2.69)
0.83 (0.45, 1.53)
1.43 (0.51, 4.09)

1.56 (0.90, 2.69)
1.46 (0.64, 3.30)




Difficulty falling asleep
Baseline
Time dependent

Cumulative average

Problems staying asleep
Baseline
Time dependent

Cumulative average

Early morning Awakenings
Baseline
Time dependent

Cumulative average

Combined IS (Reference: 0
symptoms)

1
2
3+

0.90 (0.74, 1.08)
0.89 (0.72, 1.10)
0.97 (0.74, 1.28)

1.02 (0.88, 1.20)
1.01 (0.86, 1.20)
0.89 (0.71, 1.11)

1.13 (0.96, 1.33)
1.00 (0.85, 1.19)
1.23 (0.17, 1.64)

1.05 (0.88, 1.26)
0.97 (0.79, 1.20)
1.14 (0.91, 1.42)

0.32(0.15, 0.69)*
0.41(0.17, 0.98)*
0.28 (0.09, 0.84)*

1.13 (0.69, 1.83)
1.01 (0.61, 1.67)
1.03 (0.51, 2.07)

1.47 (0.69, 1.82)
0.93 (0.54, 1.59)
1.32 (0.53, 3.30)

1.25(0.72, 2.19)
1.34(0.73, 2.48)
0.75 (0.34, 1.70)

0.80 (0.49, 1.30)
0.69 (0.40, 1.21)
0.70 (0.35, 1.39)

1.18 (0.82, 1.69)
0.97 (0.65, 1.42)
1.16 (0.66, 2.03)

1.08 (0.72, 1.62)
1.03 (0.68, 1.56)
1.25 (0.61, 2.61)

1.08 (0.70, 1.66)
0.89 (0.54, 1.46)
1.29 (0.77, 2.13)

0.91 (0.50, 1.65)
1.04 (0.56, 1.94)
0.90 (0.39, 2.09)

1.05 (0.65, 1.68)
1.06 (0.64, 1.74)
0.73 (0.38, 1.39)

0.88 (0.54, 1.42)
1.26 (0.77, 2.06)
1.60 (0.70, 3.68)

1.39 (0.80, 2.42)
1.12 (0.59, 2.14)
1.26 (0.61, 2.59)

0.63 (0.32, 1.23)
0.44 (0.17, 1.12)
0.46 (0.15, 1.41)

0.97 (0.58, 1.62)
1.45 (0.76, 2.79)
1.25(0.52, 2.99)

1.09 (0.65, 1.83)
0.95 (0.50, 1.80)
1.20 (0.40, 3.67)

0.64 (0.34, 1.19)
0.66 (0.33, 1.32)
0.76 (0.36, 1.59)

* p-value < 0.05 ** p-value < 0.01

Adjusted for: gender, study phase, baseline age, smoking, body mass index, diabetes, physical activity levels, and alcohol

consumption
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Supplementary tables:

Table 2.1: Association of SP with cancer incidence and cancer death overall in CHS for 2- and 5-years censored

outcomes, and sex specific estimates

Cancer incidence (n=3980)

2 yrs. censorship

5 yrs. censorship

Cancer mortality (4580)

2 yrs. censorship

5 yrs. Censorship

Sleep apnea symptoms (SAS):

(Primary exposure)
Combined SAS (Reference: 0
symptoms)

1

2+
Insomnia Symptoms
Combined IS (Reference: 0
symptoms)

3+

HR (95% ClI)

0.80 (0.68, 0.96)*

0.78 (0.61, 1.01)

1.11(0.92, 1.34)
1.05 (0.86, 1.30)
1.28 (1.03, 1.61))

HR (95% ClI)

0.87 (0.71, 1.07)
0.71(0.51, 0.97)*

1.08 (0.86, 1.35)
1.02 (0.79, 1.32)
1.33(1.02, 1.73)*

HR (95% Cl)

0.85(0.72, 1.01)
0.74 (0.57, 0.97)*

1.04 (0.87, 1.25)
0.97 (0.78, 1.19)
1.07 (0.85, 1.34)

HR (95% ClI)

0.87 (0.72, 1.05)
0.67 (0.49, 0.91)**

1.02 (0.83, 1.25)
1.01 (0.80, 1.27)
1.17 (0.91, 1.50)

Females (n=2240)

Males (n=1690)

Females (n=2594)

Males (n=1986)

Sleep apnea symptoms (SAS):

(Primary exposure)
Combined SAS (Reference: 0
symptoms)

1

2+
Insomnia Symptoms
Combined IS (Reference: 0
symptoms)

1

2

3+

HR (95% ClI)

0.86 (0.64, 1.17)
0.52 (0.26, 1.04)

0.89 (0.65, 1.24)
1.02 (0.71, 1.44)
1.09 (0.76, 1.57)

HR (95% ClI)

0.90 (0.68, 1.20
0.79 (0.55, 1.13)

1.26 (0.92, 1.74)
1.02 (0.70, 1.49)
1.63 (1.11, 2.40)*

HR (95% Cl)

0.83 (0.65, 1.06)
0.85 (0.54, 1.33)

1.11 (0.85, 1.45)
1.05 (0.78, 1.41)
1.10 (0.81, 1.50)

HR (95% ClI)

0.98 (0.78, 1.23)
0.73 (0.53, 1.00)

0.99 ().78, 1.27)
0.90 (0.68, 1.20)
1.17 (0.86, 1.61)

* p-value< 0.05, ** p-value < 0.01

Adjusted for: gender, study phase, baseline age, smoking, body mass index, diabetes, physical activity

levels, and alcohol consumption
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Table 2.2: Tumor stage- and BMI-specific associations of SP with cancer incidence and cancer death overall in CHS

Cancer incidence (n=3980)

localized (n=360)

Regional (n=188)

Distant (n=174)

Localized
(n=106)

Regional (n=115)

Cancer Mortality (n=4580)

Distant (144)

Sleep apnea symptoms (SAS):

(Primary exposure)
Combined SAS (Reference: 0
symptoms)

1

2+
Insomnia Symptoms
Combined IS (Reference: 0
symptoms)

3+

HR (95% Cl)

0.87 (0.67, 1.12)
0.98 (0.70, 1.38)

1.03 (0.79, 1.35)
1.06 (0.78, 1.43)
1.18 (0.85, 1.64)

HR (95% Cl)

0.56 (0.39, 0.81)**
0.41(0.22, 0.76)**

0.99 (0.68, 1.44)
0.89 (0.58, 1.38)
1.24 (0.80, 1.91)

HR (95% ClI)

0.94 (0.68, 1.32)
0.62(0.35, 1.12)

0.88 (0.61, 1.28)
0.76 (0.49, 1.17)
0.72 (0.43, 1.18)

HR (95% ClI)

0.80 (0.51, 1.27)
0.60 (0.29, 1.22)

1.21(0.73, 2.02)
1.12 (0.63, 1.99)
1.68 (0.91, 3.08)

HR (95% ClI)

0.66 (0.42, 1.04)
0.45 (0.21, 0.98)*

1.11 (0.67, 1.84)
1.33(0.78, 2.27)
1.27 (0.70, 2.29)

HR (95% Cl)

1.06 (0.74, 1.54)
0.71(0.39, 1.32)

0.85 (0.56, 1.28)
0.68 (0.42, 1.11)
0.74 (0.43, 1.28)

BMI <25kg/m?
(n=1542)

BMI 25-29 kg/m?
(n=1619)

BMI 30+kg/m?
(n=769)

BMI <25kg/m?
(n=1798)

BMI 25-29 kg/m?
(n=1884)

BMI 30+kg/m?
(n=898)

Sleep apnea symptoms (SAS):

(Primary exposure)

1

2+
Combined IS (Reference: 0
symptoms)

3+

HR (95% Cl)
0.80 (0.61, 1.05)
1.00 (0.70, 1.44)

1.06 (0.80, 1.40)
1.14 (0.84, 1.55)
0.93 (0.65, 1.33)

HR (95% Cl)
0.80 (0.63, 1.01)
0.65 (0.44, 0.95)*

1.12 (0.86, 1.46)
0.84 (0.61, 1.16)
1.52 (1.12, 2.07)**

HR (95% Cl)
0.85 (0.60, 1.20)
0.68 (0.41, 1.12)

0.94 (0.65, 1.37)
0.87 (0.56, 1.34)
1.07 (0.68, 1.68)

HR (95% Cl)
0.99 (0.74, 1.32)
1.30 (0.88, 1.90)

1.10 (0.82, 1.48)
1.17 (0.84, 1.64)
0.99 (0.79, 1.43)

HR (95% Cl)
0.96 (0.75, 1.22)
0.56 (0.35, 0.89)*

1.07 (0.81, 1.42)
0.84 (0.61, 1.17)
1.24 (0.89, 1.73)

HR (95% Cl)
0.89 (0.62, 1.28)
0.89 (0.55, 1.44)

0.89 (0.60, 1.32)
0.86 (0.55, 1.34)
0.92 (0.56, 1.52)

* p-value<0.05, ** p-value <0.01

Adjusted for: gender, study phase, baseline age, smoking, body mass index, diabetes, physical activity levels, and alcohol consumption

BMI: Body mass index
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Table 2.3: Associations of SAS symptoms vs Modified STOP-BANG with cancer incidence and

cancer death overall in CHS

Cancer overall
(n=3930)
HR (95%Cl)

Cancer mortality
(n=4580)
HR (95%Cl)

SAS symptoms (Ref: 0 symptoms)
Any symptoms

2+ symptoms

Modified STOP-BANG (Ref: low)
Intermediate OSA risk 3-4

High OSA risk 5+

0.81 (0.69, 0.95)*
0.77 (0.61, 0.97)*

0.95 (0.79, 1.14)
0.74 (0.56, 0.97)*

0.90 (0.77, 1.06)
0.75 (0.58, 0.97)*

1.04 (0.86, 1.26)
0.91 (0.68, 1.22)

Sleep Apnea Symptoms (SAS): snore, apnea and daytime sleepiness

Modified STOP-BANG: Snoring, daytime Tiredness, observed apnea, Blood Pressure, Body Mass
Index, Age, Neck circumference and Gender: upweighted body mass index (0: <25 kg/m?, 1: 25-

34 kg/m? and 2: 35+ kg/m?) to replace Neck circumference

OSA: Obstructive Sleep Apnea
* p-value< 0.05, ** p-value < 0.01

Adjusted for: gender, study phase, baseline age, smoking, body mass index, diabetes, physical
activity levels, and alcohol consumption
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Chapter 3: Immunotherapy cohort

Title: Sleep problems, tumor aggressiveness, and immune checkpoint treatment outcomes: A
pilot study
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Abstract
Background: Sleep problems (SP) are a prominent concern of cancer patients and are frequently
indicative of an underlying sleep disorder, such as obstructive sleep apnea. SP may be adversely
associated with tumor aggressiveness and poor treatment response via upregulation of immune-
suppressive proteins.
Methods: Thirty-three participants consented to an immunotherapy cohort study, of whom 32
initiated an immune checkpoint inhibitor (ICI) treatment. We collected questionnaire data on
primary SP (sleep apnea risk) and secondary SP, including insomnia and general sleep patterns.
We extracted patient, tumor, and ICI attributes on the date corresponding to the patient’s last
clinic visit prior to or at ICI initiation from the Electronic health records (EHR) six months post
ICI initiation. Tumor aggressiveness was defined by M-stage (MO vs. M1). Six or more ICI
infusions was considered ICI tolerability. We ran an adjusted multivariate Poisson regression
with robust standard errors to assess the association between sleep problems and tumor
aggressiveness and reported prevalence ratio (PR) and associated 95% CI for the associations.
We used adjusted logistic regression models to assess the association between sleep apnea and
insomnia risk with the number of ICI infusions (6+ vs. <6). We calculated the odds ratio (OR)
and 95% CI for associations with this outcome.
Results: Among those with sleep symptoms in the immunotherapy cohort, the prevalence of
low, intermediate, and high-risk OSA risk was 36%, 42%, and 21%, respectively. Of the
secondary sleep problems considered, 58% of participants reported clinically significant
insomnia, 72% experienced an average or restless night sleep, 30% reported taking longer than
15 min to fall asleep, 46% had ideal night sleep, and 36% had an evening chronotype. We did

not find significant association [PR (95%CI)] between intermediate or high risk OSA and
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metastatic cancer compared to low risk OSA [1.01 (0.28, 3.67)] or with continuous OSA risk
scores [1.15 (0.74, 1.77)]. Of the secondary sleep attributes considered, patients who reported
taking more than 15 minutes to fall asleep were 3.6 times more likely to be diagnosed with
metastatic cancer compared to those reporting shorter sleep latency [95% CI (1.74, 7.35)].
Additionally, patients reporting a morning chronotype were less likely to be diagnosed with
metastatic cancer compared to those reporting evening chronotypes [0.23 (0.09, 0.58)]. We did
not find any significant association [OR (95%CI)] between intermediate or high risk OSA and
six or more infusions compared to low risk OSA [0.27 (0.02, 3.41)] and continuous OSA risk

score [0.72 (0.37, 1.39)].

Conclusion: This study gives insights into the potential burden and impact of sleep problems on
tumor aggressiveness and ICI treatment tolerability. This could potentially inform clinical trials
focused on finding effective sleep quality improvement interventions in ICI cancer treatment

populations.

Keywords: OSA risk, immune checkpoint inhibitors, tumor aggressiveness, circadian rhythm
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Introduction

Sleep problems are a prominent concern of cancer patients. Disturbed sleep is reported by
45-80% of cancer patients, compared to 29-32% of the general population.'®! Sleep problems
result from sleep disorders [e.g., sleep-disordered breathing (obstructive sleep apnea (OSA),
central sleep apnea, upper airway resistance syndrome), insomnia, narcolepsy], poor sleep
quality (e.g., non-restorative sleep, sleep fragmentation), improper timing (e.g., not occurring at
night), irregularity (e.g., constant variation in bedtimes and wake times, frequent random nap
episodes), or a non-ideal sleep duration (<7 hrs/night or >8 hrs/night).? Cancer therapy and
cancer-related anxiety can cause sleep problems®° and/or reflect previously established
carcinogenic roles of sleep problems themselves.11:1218.20.21

Sleep problems may have implications for cancer progression and treatment response, as
illustrated in figure 3.1. Multiple studies show a consistent positive association between OSA (a
common sleep afflicting an estimated 25 million US adults!%?) and the incidence and severity of
melanoma and kidney cancers in humans® 7684103104 The mechanism underlying this cancer-
related effect is likely through induced intermittent hypoxia (IH, a hallmark of OSA)?610106 gng
adverse downstream consequences of sleep fragmentation and disruption to the 24-hour
circadian rhythm.>17-110 With respect to IH, mouse models of melanoma and kidney cancers
shows enhanced tumor growth, invasiveness, and metastasis.’®1%>1% Circadian rhythms are
generated endogenously in coherence with external cues (e.g., zeitgebers) enabling alignment
of physiological processes to the day-night cycle.® Disruption to these rhythms increases
inflammation and reduces melatonin hormone production which in both instances promotes

cellular damage. >1%7-11% The effects of these physiologic insults are observed in numerous
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cancer cell lines contributing to aggressive tumor proliferation due to corresponding
reductions in T-cell activation and overall cytotoxicity.>07109

Increasing evidence shows higher tumor related T cell levels improve
prognosis.?>2%3L3211L112 Fyisting and emerging immunotherapies are harnessing this T-cell
response to successfully treat several forms of cancer [e.g., melanoma, renal cell carcinoma
(RCCQ)] by inhibiting immune-suppressive proteins such as programmed cell death-1 receptor
(PD-1), its ligand PD-L1 (PD-1/PD-L1), and cytotoxic T lymphocyte antigen 4 (CTLA-4).11
118 As a result, the US Food and Drug Administration (FDA) has approved seven immune
checkpoint inhibitors (ICI) that target CTLA-4 (ipilimumab), PD-1 (nivolumab, pembrolizumab,
and cemiplimab), or PD-L1 (atezolizumab, avelumab, and durvalumab).1®?° Despite the
promise of ICI patient response is not uniformly favorable. Thus a better understanding of
factors predictive of ICI response is needed 21124

Immune checkpoint inhibitors (ICIs) are increasingly prescribed for late stage cancer
patients. In this context, the field must better understand the impact of circadian rhythms
(and/or “circadian rhythm disruption”) and sleep problems such as OSA on immune response
and cancer aggressiveness in this patient population. Despite the numerous studies of sleep
problems in the context of other cancer treatments (e.g., chemotherapy),'?>'?8 to date, there are
no studies correlating sleep problems with tumor aggressiveness and outcomes in cancer patients
receiving ICI therapy.*?® We, therefore, describe the burden of sleep problems, its relation to
tumor aggressiveness at diagnosis, and the impact on ICI tolerability in cancer patients
previously unexposed to ICI therapy (The Lifestyle Attributes and Sleep in Immunotherapy

Response (LASIR) Study).
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Methods
Setting
The LASIR Study was conducted at the Seattle Cancer Care Alliance (SCCA). The SCCA is the
clinical care arm of the Cancer Consortium formed in partnership with Fred Hutchinson Cancer
Research Center, the University of Washington, and Seattle Children’s Hospital. The SCCA is
the only National Cancer Institute-designated comprehensive cancer center serving the five state
Washington, Wyoming, Alaska, Montana, and ldaho region.**° Based on current clinical
practice, which stipulates ICI use as second-line therapy for advanced kidney cancer *3! and first-
line therapy for some with metastatic melanoma and lung cancers,*321% the vast majority of
study participants had advanced-stage disease (stage I11/1V) at ICI initiation.
Participant recruitment
Patients were study eligible if they were: 1) An adult initiating outpatient treatment of a
commercial ICI agent for the first time at the Renal cell carcinoma /Melanoma (Ren/Mel) and
throat head and neck (THN) clinics, 2) Aged between 18-84 years, 3) Able to provide informed
consent and 4) Able to complete the questionnaire in English. Patient recruitment began in April
2019 and was interrupted by the COVID-19 global pandemic in mid-March 2020. Of the 370
patients screened, 94 were eligible, 63 (67%) were approached for consenting, and 31 (33%)
could not complete a consent conference due to time constraints or COVID-19 restrictions
(Figure 3.2). Of those approached, 33 (52%) enrolled in the study, and one participant died

before initiating ICI.
Data collection and definitions

Data was collected from study participants via three sources: a self-administered patient

questionnaire, a sleep monitoring device, and electronic medical records.
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The questionnaire was self-administered at the time of study enrollment and included an
assessment of OSA risk, insomnia, and general sleep patterns. In particular, the primary
exposure sleep data was a self-reported 8-item validated STOP-BANG questionnaire for the
assessment of OSA risk with scores ranging from 0-8; scores were categorized into low risk (0-
2), intermediate risk (3-4), and high risk (5-8) of OSA. Details of the STOP-BANG
questionnaire content is described elsewhere.®” Secondary sleep data included the 5-item
Women’s Health Initiative Insomnia scale (WHI1S).1** The WHIIS requires individuals to rate
the quality of their sleep and the frequency with which they experience certain sleep problems in
the last month with scores ranging from 0-20 in increasing order of insomnia symptoms; a score
>9 was considered clinically significant. Details of the WHIIS are described elsewhere.3 Other
self-reported secondary sleep data included: history of OSA diagnosis, chronotype (e.g.,
preferred sleep timing over a 24 hour period), sleep latency, and typical sleep duration

categorized as shown in Table 3.2.

Additional relevant lifestyle and patient attribute data collected in the questionnaire
included: physical activity, smoking status, alcohol consumption, perceived stress, educational
level, and marital status. These variables were all categorized as in Table 3.1. Participants also
reported previous diagnoses of hypertension, diabetes, and high cholesterol and treatment status

for these conditions.

The SleepScoreMax%¢ was used to measure nighttime sleep pattern for a maximum 30 days
post ICI initiation in a subset of consented participants’ (n=12). The SleepScoreMax is a non-
contact sleep sensor which uses smartphone app and web-based app to record sleep patterns.
Specifically, it uses radiofrequency waves to assess body movement including chest and

abdominal respiratory movement to measure key sleep attributes. The device recorded data on
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total night sleep time (TST), sleep onset latency (SOL), wake after sleep onset (WASQO), number
of awakenings (A) , sleep architecture (non-rapid eye-movement (NREM) and rapid eye-

movement (REM)) and overall sleep quality (Sleep score, SC).

Electronic health records (EHR) data was collected six months post ICI initiation. Extracted
(EHR) data included age, gender, weight, and height on the date corresponding to the patient’s
last visit at SCCA prior to or at ICI initiation. Body mass index (BMI) was calculated by
dividing weight in kilograms by height in meters squared and grouped into three categories: <25
kg/m?, 25-29 kg/m? and >30 kg/m?. We extracted information pertaining to cancer diagnosis
date, tumor attributes (as a measure of tumor aggressiveness) at diagnosis and IClI initiation, and
prior cancer treatments (chemotherapy, radiotherapy, surgery, gene therapy, and other treatment
regimens). Tumor attributes included T-stage, N-stage, M-stage, number and sites of metastases,
and summary stage (I-1V). We extracted dates of the first six and last ICI infusions along with
the type of each ICl initiated, physician-noted impressions based on tumor pathology of
treatment response from Computed tomography (CT) scans (favorable response, stable disease,
and disease progression), and ICI adverse events incidence within the first six months of ICI
initiation. We extracted participant vital status (death status, cause of death, and date of death)

within the first six months of ICI initiation.
Main outcomes definitions

Tumor aggressiveness was defined by M-stage (MO vs. M1). Immune checkpoint inhibitor
tolerance was defined in close consultation with experienced SCCA oncologists. Six or more
infusions were considered to represent both ICI tolerability and treatment benefit within the six-

month assessment period.
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Statistical analysis

All analytical procedures were conducted using Stata 14.0 (College Station, Texas)®, with
statistical significance considered at a 2-sided alpha value of 0.05. In descriptive analyses, we
examined the distribution of participants' baseline characteristics overall and stratified by OSA
risk (low vs. intermediate/high). Our main analyses included the associations of sleep problems

with tumor aggressiveness at diagnosis and ICI tolerance.

We ran a multivariate Poisson regression with robust standard errors (SES) to assess the
association between sleep problems and tumor aggressiveness [M-stage (MO vs. M1)], adjusting
for age, gender, and BMI. We opted to use a Poisson model instead of a logistic model due to
sleep problems being common in cancer populations and the high prevalence of advanced
disease in cancer patients initiating ICI. We used robust SEs in the Poisson model to account for
any violation of the distribution assumption that the variance equals the mean. We reported the
prevalence ratio (PR) and associated 95% CI for the associations.

We used logistic regression models to assess the associations of OSA and insomnia risk
with the number of ICI infusions, adjusting for the following selected attributes: male gender,
age at ICI treatment, and prior cancer treatment. We calculated the odds ratio (OR) and 95%
confidence intervals (CI) for associations with these outcomes.

We ran several sensitivity analyses. First, we focused on treatment tolerability, defined
according to first CT scan indicating favorable tolerance (e.g., favorable response) or non-
tolerance (defined by disease progression or stable disease). Second, we assessed change in ICI
regimen within six months of initiation. For both these outcomes, we used logistic regression as
described for the number of ICI infusions. In addition, we used Cox proportional hazards

regression [hazard ratios (HR) and 95% confidence intervals (Cl)] to evaluate the association
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between OSA, insomnia risk and time to treatment failure (TTF, changed ICI due to disease

progression).

Results

Patient characteristics

The mean age of the cohort was 61 years, 61% were male, 85% were white, 64% were
partnered, 70% had a college degree, 49 % had BMI of 30 kg/m?, 3% were current smokers, 18%
reported sufficient weekly physical activity and 18% high stress. Patients with intermediate or
high risk OSA were on average older and had: 1) Fewer years of education, 2) Lower weekly
physical activity, 3) High stress levels, and 4) Higher prevalence of diabetes, high cholesterol,
and high blood pressure. (Table 3.1)
Prevalence of sleep problems

The prevalence of OSA symptoms was 21% for daytime sleepiness, 33% for observed
apnea, and 21% for snoring; 51% reported none of these three symptoms. Among those with
sleep apnea symptoms, the prevalence of low, intermediate, and high OSA risk was 36%, 42%,

and 21% respectively. The prevalence of a self-reported OSA diagnosis at enrollment was 18%.

Of the secondary sleep problems considered, 58% of participants reported clinically significant
insomnia, 72% experienced average or restless sleep, 30% reported taking longer than 15 min to

fall asleep, 56% had ideal night sleep and 36% had an evening chronotype. (Table 3.2)

With respect to the SleepScoreMax data, overall, the mean nighttime total sleep duration was 6
hours, mean latency was 19 min, mean number of wake times was five. Participants had an
average of four hours of light, one hour of deep and REM sleep. The sleep quality overall

measured by the Sleep Score was 80%. (Sup. Table 3.1)
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Tumor attributes

The most common cancer site was melanoma (52%). Seventy three percent were
diagnosed with a late-stage disease (I11/1V), 42% with a metastatic disease, 12% with numerous
nearby nodal involvement (N2/N3) and 33% with a large tumor size or disease progression
(T3/T4). The majority of patients had prior cancer treatment (64%), of which 66.7% had surgery,
23.8% were treated with chemotherapy, and 19% with radiotherapy. (Table 3.3)

Immune checkpoint inhibitor treatment attributes

The majority of patients initiated a PD-1 blockade (94%), 16% initiated ICI with
chemotherapy, and 72% had six or more ICI infusions within a six-month period. About 44% of
patients changed ICI on average, three months post ICI initiation. Participants reported on
average, three adverse events post ICI initiation. The most common incident adverse events were
rash and vitiligo (47%), general body pain (39%), hypothyroidism (25%), severe diarrhea (22%),
dry mouth (19%), rheumatologic symptoms (19%), hypophysitis (13%), and adrenal
insufficiency (13%). According to CT scans in relation to their ICI response assessment, 68%
showed a stable or favorable response. Thirteen percent of enrolled participants died within the
six-month follow-up period. The average time from cancer diagnosis or ICI initiation to death
was 13 months and two months, respectively. (Table 3.4)

Association between sleep problems and tumor aggressiveness

Table 3.5 presents PRs and 95% Cls [reported as PR (95% Cls)] for associations
between sleep problems and metastatic cancer at diagnosis. We did not find a significant
association between intermediate or high risk OSA and metastatic cancer compared to low risk
OSA [1.01 (0.28, 3.67)] and continuous OSA risk scores and metastatic cancer [1.15(0.74,

1.77)].
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Of the secondary sleep attributes considered, patients reporting more than 15 minutes to
fall asleep were 3.6 times more likely to have been diagnosed with metastatic cancer compared
to those reporting shorter sleep latency [95% CI (1.74, 7.35)]. Additionally, patients reporting a
morning chronotype were less likely to have been diagnosed with metastatic cancer compared to
those reporting evening chronotypes [0.23 (0.09, 0.58)].

Association between sleep problems and ICI treatment tolerance

Table 3.6 presents HRs and 95% Cls [reported as HR (95% CIs)] for associations
between sleep problems and the number of ICI infusions as a measurement of ICI treatment
tolerance. We did not find any significant association between intermediate or high risk OSA and
six or more infusions compared to low risk OSA [0.27 (0.02, 3.41)] and between continuous
OSA risk scores and six or more infusions [0.72 (0.37, 1.40)]. Similarly, we found no significant
association between insomnia and six or more infusions [0.23 (0.03, 1.60)] and between
insomnia total scores and six or more infusions [0.77 (0.59, 1.02)].

Sensitivity analysis

We found a similar non-significant association and mostly similar directionality of the
association between OSA risk (intermediate/high vs. low risk) and insomnia (clinically
significant insomnia vs. non) and ICI tolerance when we used CT impressions (favorable vs.
stable or progressive disease), changed ICI status (participants who did not change vs. those who

did) or when we used TTF. (Sup. Table 3.2)

Discussion
We found a high burden of sleep problems in this ICI cohort. For instance, two-thirds of
enrolled participants had intermediate to high sleep apnea risk and an average / restless night

sleep, more than half experienced clinically significant insomnia, and about a third reported
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taking longer than 15 min to fall asleep and evening chronotype. In a multivariable-adjusted
regression analysis, we did not find a statistically significant association between intermediate or
high risk OSA and metastatic cancer compared to low risk OSA. However, of the secondary
sleep problems assessed, patients who reported taking longer to fall asleep were more likely to
have been diagnosed with metastatic tumors compared to those reporting shorter sleep latency.
Additionally, patients reporting an evening chronotype were more likely to have been diagnosed
with metastatic cancer compared to those reporting a morning chronotype. Our second goal was
to determine the association between sleep problems and ICI treatment tolerance. While we did
not find any significant association between OSA risk, insomnia, and six or more infusions, the
direction of the estimates showed higher odds for poor ICI treatment tolerance in patients with
certain sleep problems.

Numerous mechanisms could explain our suggestive associations of sleep problems and
higher likelihood of aggressive tumors at diagnosis and increased odds of poor ICI tolerance.
Sleep exerts a strong regulatory influence on the adaptive immune system. In particular, sleep
problems causing circadian rhythm dysregulation mediate cytotoxic cell activities via up-
regulation of adaptive T-cell immune responses.> 4107109137 gnecifically, misalignment in the
circadian clock could reduce the secretion of melatonin*¥7, which has been shown to
downregulate the expression of immune suppressive protein PD-1/PD-L1 via a membrane and
nuclear receptors.’>9%137 Thus, reduced melatonin allows increased activity of immune
suppression proteins. Additionally, PD-1/PD-L1 binding cascade impedes T cell function and
activation of autologous T-lymphocytes to inhibit cytotoxic activity of CD8* T-cells.83138139 The
effects of these physiologic insults are seen in numerous cancer cell lines and thought to

contribute to tumor proliferation.®
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Another specific aspect of sleep problems, apnea (i.e., recurrent cessations of breathing
during sleep and a symptom of OSA), is associated with accelerated tumor progression and
metastatic potential through enhanced oncogenic pathways in the presence of intermittent
hypoxia.>*"*"" Suggested mechanisms by which intermittent hypoxia contributes to tumor
aggressiveness include the generation of excessive reactive oxygen species (leading to oxidative
stress and induced DNA damage)’®"°, overexpression of the transcriptional regulator hypoxia-
inducible factor-1alpha (HIF-10), and suppressed immune function.8%8 Specific to sleep
problems and ICI response, intermittent hypoxia enhances the interaction of PD-1/PD-L1 on
the T-cell surface.®31%® The mechanism by which (HIF)-1 upregulates PD-L1 is through hypoxia
response factors of the PD-L1 promoter, which activate a series of steps resulting in PD-L1
expression.**® Nomad et al. showed hypoxia significantly increased HIF-1a and the mRNA
expression levels of PD-L1 and its receptor PD-1 along with CTLA-4. In particular, they found
that HIF-1a increased PD-L1 mRNA and subsequent PD-L1 protein. They reported that PD-L1
is a direct HIF-1a target gene that binds to the proximal promoter of the PD-L1 gene with a
greater affinity at hypoxia-response element (HRE-4) promoter sites. Their work conclusively
revealed hypoxia increased expression of HIF-1a, which then binds to a transcriptionally active
HRE in the PD-L1 proximal promoter resulting in increased mRNA expression levels of PD-L1
and subsequent PD-L1 proteins.**® Furthermore, Cubillos-Zapata and colleagues demonstrated
the impact of intermittent hypoxia resulting in over-expression of HIF-1a in OSA patients and
conditioned mice.®%! Collectively, their study found upregulation of PD-1/PD-L1 cascade in
patients with OSA due to IH leads to suppression of autologous T-cell proliferation and
decreased CD8+ T-cell cytotoxicity. Thus, the level of the PD-1/PD-L1 activation, and therefore

impairment of the cytotoxic activity of CD8" T-cells, is most pronounced in individuals with
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severe sleep problems, as demonstrated in severe OSA.82 These physiologic effects could explain
the suggestive reduced ICI tolerance in patients with intermediate to high risk OSA and clinically

significant insomnia.

Given our study is the first to assess sleep problems in a cancer ICI treatment cohort,
there is nothing for comparison besides the aforementioned biological data. However, in a cross-
sectional study, Martinez et al.® found 35% of melanoma patients had intermediate to severe
OSA with an increased likelihood of more aggressive melanoma as measured by melanoma-
specific tumor attributes, including Breslow index, mitotic index, and presence of ulceration.
Furthermore, our study corroborates other studies of sleep problems in more traditional cancer
treatment cohorts such as radiotherapy and chemotherapy.?>128 In particular, several of these
studies noted a high burden of sleep problems, including insufficient sleep duration, insomnia
symptoms, and poor overall sleep quality*?>1?8 are linked with poor cancer prognosis. 449142 For
instance, cancer patients with insufficient sleep duration (< 6 h sleep/night) and who snore might
be experiencing more severe underlying sleep problems and, therefore, subsequent worse cancer

outcomes. 44°

Our study, examining the burden of sleep problems, tumor aggressiveness, and ICI
response, has some key limitations. Chief amongst them is the limited small sample size, which
could explain the mostly non-statistically significant results. Due to the small sample size, we
could not do a more sensitive analysis of the association between sleep problems and specific
cancer sites (Table 3). The physiologic insults of sleep problems on cancer prognosis are
heterogeneous across cancer sites and possibly molecular types. 53814 Marhuenda et al. noted
tumor aggressiveness varied according to a representative oncogenic mutation on different cell

lines of the most prevalent histological subtypes of non-small cell lung cancer (adenocarcinoma
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and squamous cell carcinoma) in response to OSA.* In particular, they found significant
differences in HIF-1a activation in two of the four histologic lung cancer cell lines that were
exposed to OSA compared with normoxia.®® However, the results observed could be mostly
driven by melanoma and RCC since they constitute 73% of cancer sites in the cohort and have
been consistently associated with severe sleep problems,5:53:8490.144,145

Secondly, study participants self-reported their sleep problems. Given the focus of this
study on the patient population initiating ICI for the treatment of their late-stage cancer, several
factors might be impacting participant sleep patterns (e.g., stress, side effects from previous lines
of therapy); thus, observed sleep patterns may not be reflective of pre-diagnostic sleep patterns.
In addition, it is possible that poor cancer prognosis could cause sleep problems instead of the
reverse. However, this is less concerning for the ICI response outcome analysis since it is
downstream of reported sleep problems at enrollment. Additionally, our study did not measure
immune response biomarkers (e.g., inflammatory markers cytokines, including IL-1, IL-6, and
TNF-a) that may be more sensitive to underlying sleep problems. 14" However, our sleep data
is based on validated questionnaires and, unlike most studies assessing sleep problems in cancer
which have focused on a single sleep dimension (e.g., sleep duration)**®, we evaluated multiple
sleep dimensions, including STOP-BANG OSA risk levels.5714%1%0 As sych, if the direction of
our estimates (suggesting more aggressive cancer at diagnosis and potentially poor ICI response)
can be replicated in larger studies, the STOP-BANG score can be used to 1) Non-invasively
screen ICI patients for underlying sleep disorders, 2) Stratify patients who may respond more
favorably to treatment, and 3) Motivate integration of assessment and treatment for sleep
problems with ICI treatment to enhance response in patients with moderate to severe sleep

problems.
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Another important study limitation is in the assessment of ICI response. The primary
response measure in ICI studies and the clinic settings is based on RECIST 1.1 guidelines.'>! The
guideline is based on tumor imaging data incorporating information on changes in lesion size and
new lesions to distinguish ICI “responders” from “non-responders”.>* We were unable to
incorporate the guidelines into our study due to lack of this data at the end of 6 months follow-
up. However, we were able to obtain mostly consistent result across ICI tolerance outcomes
defined primarily by the number of ICI infusions and additional sensitivity analysis utilizing CT
impressions (favorable vs. stable or progressive disease), changed ICI status (participants who
did not change vs. those who did) or time to treatment failure (TTF) as response indicators (Sup.
Table 3.1).

Finally, there is also an issue of representativeness of the SCCA cancer population to the
general ICI cancer treatment population. Specifically, our study population is racially
homogenous (mainly of European descent, 85% white) and likely have higher socio-economic
status.

Despite these study limitations, this study is the first, to our knowledge, to examine the
biologically plausible and potentially impact of sleep problems in cancer patients receiving ICI
therapy. In result, given the burden and potential impact of sleep problems on ICI treatment
response, we believe the study limitations are outweighed by the importance of this study in
setting the stage for larger studies with comprehensive sleep and gold standard (such as RECIST

1.1 guidelines) ICI response assessment.

Conclusions
This study provides new insights into the potential burden and impact of sleep problems

on tumor aggressiveness and ICI treatment response. We hope these results will motivate larger
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studies of predictors of ICI response to include sleep problems in their assessment*?® and could
potentially inform clinical trials focused on finding effective sleep quality improvement

interventions in ICI cancer treatment populations.
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Figures

Figure 3.1: Conceptual model linking sleep problems to tumor aggressiveness and Immune
Checkpoint Inhibitor (ICI) response
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Figure 3.2: LASIR Study recruitment and retention
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Tables

Total 3.1: Selected baseline characteristics overall and according to OSA risk in the LASIR

cohort, n=33

Sleep apnea risk

Intermediate/High

Total (n=33) Low (n=12) (n=21)

Mean age at enrollment (SD) 61.1(13.4) 58.4(13.9) 62.5(13.1)
Males 60.6 16.7 85.7
married, domestic partnered 63.6 50.0 71.4
Education
< college 30.3 25.0 33.3
College degree 45.5 66.7 333
Grad or professional deg 24.2 8.3 33.3
White 84.8 83.3 84.7
Hispanic 3.3 0 4.8
smoking at cancer diagnosis
Current 3.3 0 4.8
Former 45.5 33.3 524
Never 51.5 66.7 42.9
BMI at cancer dx kg/m2 mean (SD) 30.9 (8.1) 29.8 (11.4) 31.4(5.7)

<25 21.2 41.7 9.5

25-29 30.3 16.7 38.1

30+ 48.5 41.7 52.4
Alcohol beverages per week
median (IQR) 1.1(0.25, 5) 1.0 (0.25, 6) 1.1 (0.25, 5)
none 18.2 16.7 19.1
>0-6 57.6 58.3 57.1
7+ 24.4 25 23.8

Physical Activity (mins/week)

median (IQR)
Sufficient 150+
In-sufficient 0-149 min
Perceived stress
median (IQR)

Low stress (<8)

High stress (8-16)

405.0 (1.59.3, 819)
18.2
69.7

5.0 (3.0, 6.0)
81.8
18.2

Self-reported disease history/ medication

High blood pressure/ hypertension
medications

high cholesterol/ Cholesterol
medications

Diabetes/ treated diabetes

48.5

394
9.1

400.8 (78.8, 591.5)
25.0
66.7

5.0 (2.5, 6.0)
83.3
16.7

25.0

25.0
0.0

474.0 (159.3, 856.5)
14.3
71.4

6.0 (3.0, 7.0)
81
19.1

61.9

47.6
14.3

Categorical variables are in percentages, continuous measures in mean (SD: Standard Deviation) or
median (IQR: Inter quartile range), *% may not sum to 100% due to missing data or rounding
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Total 3.2: Selected baseline sleep problems in the LASIR cohort, n=33

Total (n=33)
Primary Sleep Problems
Sleep Apnea Symptoms
Daytime sleepiness 21.2
Snore 33.3
Apnea 21.2
Sleep apnea risk (STOP-BANG)
mean (SD) 3.2(1.7)
High risk (5-8) 21.2
Intermediate risk (3-4) 42.4
low risk (0-2) 36.4
Self-report sleep apnea diagnosis 18.2
Secondary Sleep Problems
Insomnia Risk (0-20)
mean (SD) 9.5 (4.3)
Clinically significant insomnia (9+) 57.6
Overall sleep quality
Sound 27.3
Average 39.4
Restless 333
Sleep latency, min
0-14 69.7
15-30 12.1
31+ 18.2
Total sleep duration, h
<=6 or 9+ 54.6
7-8 45.5
Chronotype
Morning 63.6
Evening 36.4

*% may not sum up to 100% due to missing data or rounding
SD: Standard Deviation
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Total 3.3: Selected baseline cancer attributes in the LASIR cohort, n=33

Total (n=33)
Cancer site
Melanoma 51.5
Squamous Cell Carcinoma 6.1
Renal Cell Carcinoma 21.2
Lung 21.2
Cancer attributes at diagnosis
T-stage
T-0 6.1
T-1 12.1
T-2 21.2
T-3 27.3
T-4 6.1
Unknown (TX) 6.1
N-stage
NO 15.2
N1 27.3
N2 9.1
N3 3
Unknown (TX) 18.1
M-stage
MO 57.6
M1 42.4
number of metastatic sites, mean (SD) 1.1(0.8)
summary stage
I 9.1
Il 9.1
I 33.3
v 394
Cancer treatment prior to ICI 63.6
Chemotherapy 23.8
Radiotherapy 19.1
Surgery 66.7
Gene therapy 9.5
Adjuvant 4.8
Other
high-dose interleukin-2 4.8

*% may not sum to 100% due to missing data or rounding
SD: Standard Deviation
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Table 3.4: Distribution of ICI attributes in the LASIR Cohort, N=32

Total (n=32)
Months from cancer diagnosis to ICl, Mean (SD)
ICl initiated
Cemiplimab (PD-1) 6.3
Ipilimumab (CTLA-4) 6.3
Nivolumab (PD-1) 43.8
Pembrolizumab (PD-1) 43.8
ICl initiated with chemo 16.1
Years from cancer dx to ICl, median (IQR) 0.4 (0.2,2.3)
Total ICl initiation mean (SD) 6.8 (3.6)
% <4 infusions 18.8
% 4-5 infusions 9.4
% 6+ infusions 71.9
Changed ICI 43.8
months between 1st and changed ICI (time to ICI
failure) 2.9 (1.31)
Time between 1st and last Infusion, months (SD) 4.00 (2.08)
% Incidence Adverse Events
Dry mouth 18.8
Hypothyroidism 25.0
Hypophysitis 129
Severe Diarrhea 21.9
adrenal insufficiency 12.5
Pneumonitis 9.0
immune-related hepatitis 9.0
Rash & vitilgo 46.9
Rheumatologic symptoms 194
General body pain 39.3
Allergic reactions 6.3
Hospitalization 9.4
Total events, mean (SD) 3.3(2.5)
% CT overall CT impressions
Favorable response 25.8
Disease progression 32.3
Stable disease 41.9
Vital Status
% Death * 12.5
Time from cancer dx to death, months mean (SD) 13.2 (7.7, 39.8)
Time from ICI to death, months mean (SD) 2.1(1.32,5.2)

SD: Standard Deviation
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Table 3.5: Prevalence ratios (PRs) for tumor aggressiveness comparing across sleep problem
groups in the LASIR cohort, N=33

Diagnosis M-stage (MO vs M1)

PR (95%Cl) p-values
Primary Sleep problems
Sleep apnea Risk (0-8)
Total score (1-unit increment) 1.15(0.74, 1.77) 0.533
Intermediate risk (3-4)/High risk (5-8) 1.01 (0.28, 3.67) 0.990
low risk (0-2) (ref) 1
Secondary sleep problems
Insomnia Risk (0-20)
Total score (1-unit increment) 1.08 (0.97, 1.20) 0.147
Clinically significant insomnia (9+) 1.24(0.49, 3.14) 0.649
Not clinically significant (<9) (ref) 1
Sleep latency, min
15+ 3.58 (1.74, 7.35) 0.001
0-14 (ref) 1
Total sleep duration, h
<=6 or 9+ 0.70 (0.25, 1.93) 0.489
7-8 (ref) 1
Chronotype
Morning 0.23(0.09, 0.58) 0.002
Evening (ref) 1
Overall sleep quality
Restless 2.25(0.51,9.91) 0.285
Average 1.31(0.40, 4.28) 0.659
Sound (ref) 1

M-stage - Metastatic cancer stage
Adjusted for age, male, BMI
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Table 3.6: Total Association between Sleep problems and number of ICI infusions in the LASIR
Cohort, N=32

Number of infusions (6+ vs <6)
Tumor attributes OR (95%Cl) p-values
Sleep apnea risk (STOP-BANG, 0-8)
Total score (1-unit increment) 0.72 (0.37, 1.39) 0.335
Intermediate risk (3-4)/High risk (5-8) 0.27 (0.02, 3.41) 0.308
low risk (0-2) (reference) 1
insomnia Risk (WHIIS, 0-20)
Total score (1-unit increment) 0.77 (0.59, 1.02) 0.071
Clinically significant insomnia (9+) 0.23 (0.03, 1.60) 0.138
Not clinically significant <9 (reference) 1

WHIIS: Health Initiative Insomnia scale
STOP-BANG: Snoring, daytime Tiredness, observed apnea, Blood Pressure, Body Mass Index, Age,
Neck circumference and Gender

Treatment tolerability: Number of infusions >6
Adjusted: age, sex, prior cancer treatment
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Supplementary tables:

Table 3.1: SleepScoreMax data summary in the Lifestyle Attributes and Sleep in LASIR study,
N=12

SleepScoreMax Data N =12
Total sleep time, mean (SD) hrs. 6.4 (1.7)
Sleep latency, mean (SD) mins 18.6 (21.5)
Wake time, mean (SD) hrs. 1.2 (1.0)
Light, mean (SD) hrs. 4.1(1.2)
Deep, mean (SD) hrs. 1.3(0.6)
REM, mean (SD) hrs. 1.0 (0.5)
Sleep Score in %, mean (SD) 80.2(17.8)
# of wake times, mean (SD) 5.1(3.0)

REM: rapid eye movement, SD: Standard Deviation
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Table 3.2: Total Association between Sleep problems and CT impressions, unchanged ICI status and TTF in the LASIR Cohort,

N=32

CT impressions (favorable vs stable or
progression)

unchanged ICI

Survival Analysis (TTF)

Tumor attributes OR (95%Cl) p-values OR (95%Cl) p-values | HR (95%Cl) p-values
Sleep apnea risk (STOP-BANG, 0-8)

Intermediate risk (3-4)/High risk (5-8) 5.25(0.45, 61) 0.186 0.27 (0.03, 2.74) 0.269 6.16 (0.70, 54.20) 0.101
low risk (0-2) (reference) 1 1 1

Insomnia Risk (WHIIS, 0-20)

Clinically significant insomnia (9+) 0.64 (0.13, 3.19) 0.586 0.71(0.14, 3.47) 0.669 2.00 (0.30, 13.8) 0.483
Not clinically significant <9 (reference) 1 1 1

WHIIS: Health Initiative Insomnia scale

STOP-BANG: Snoring, daytime Tiredness, observed apnea, Blood Pressure, Body Mass Index, Age, Neck circumference and Gender
Adjusted: male, sex, age at, prior cancer treatment

TTF: time to treatment failure (changed ICl due to disease progression)
Treatment tolerability: Ct impressions, changed immune checkpoint inhibitor, TTF
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Chapter 4: Conclusions
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Despite the mostly null results in the CHS study (Chapter 2), there were a few notable
elevated and inverse relationships between sleep problems (SP) and cancer-site specific
incidence and cancer-specific mortality. Our results also showed regardless of how SP is
modeled (baseline or longitudinally), the associations remain consistent. Furthermore, our results
have also added to the growing body of evidence for the heterogenous physiologic effect of sleep
problems across cancer sites. Therefore, future larger community based prospective studies
should address more cancer site and molecular type-specific associations, and improved SP self-
report documentation over time are needed.

Additionally, the LASIR study (Chapter 3) gives insights into the potential burden and
impact of SP on tumor aggressiveness and immune checkpoint inhibitor (ICI) treatment
response. This is the first study that has considered the potential role of SP in relation to ICIs
outcomes. As such, the results could inform larger-scale observational studies with an ultimate
goal of informing clinical trials focused on finding effective sleep quality improvement
interventions in ICI cancer treatment populations. Finally, if our findings are confirmed in future
larger studies, we hope it could lead to a shift in cancer ICls paradigms, motivating greater
emphasis on patient sleep patterns and promoting the recognition and management of sleep

disorders in ICI cancer population.

Finally, our project is methodologically innovative. We incorporated multiple dimensions
of sleep problems in cancer patients with multiple outcomes in recognition that sleep problems
may simultaneously promote cancer development and progression. Furthermore, our project is
conceptually innovative. We recognized that ICIs are becoming an increasingly available option
for a growing population of cancer patients and has resulted in a growing interest in identifying

factors important to ICI response. However, most of this effort has focused on tumor biomarkers
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with little to no consideration for lifestyle factors. As a result, the LASIR Study is the first to
quantify the burden of SP in a cancer ICI cohort and the potential role in relation to ICI

outcomes.

71| Page



References

1. Centers for Disease Control and Prevention (CDC). Unhealthy sleep-related behaviors--12
states, 2009. MMWR Morb Mortal WKly Rep. 2011;60(8):233-238. doi: mm6008a2 [pii].

2. Santamaria-Martos F, Sanchez-de-la-Torre M, Martinez-Garcia MA. Sleep and cancer:
Clinical studies and opportunities for personalized medicine. Current Sleep Medicine Reports.
2017;3(1):11-21.

3. Martinez-Garcia MA, Campos-Rodriguez F, Barbe F. Cancer and OSA: Current evidence
from human studies. Chest. 2016;150(2):451-463. doi: 10.1016/j.chest.2016.04.029 [doi].

4. Collins KP, Geller DA, Antoni M, et al. Sleep duration is associated with survival in advanced
cancer patients. Sleep Med. 2017;32:208-212. doi: S1389-9457(17)30013-8 [pii].

5. Cherrie JW, Crawford JO, Davis A, et al. A review of the impact of shift-work on cancer:
Summary of the evidence for practitioners. Policy and Practice in Health and Safety. 2017:1-7.

6. Martinez-Garcia M, Campos-Rodriguez F, Nagore E, et al. Sleep-disordered breathing is
independently associated with increased aggressiveness of cutaneous melanoma. A multicentre
observational study in 443 patients. Chest. 2018.

7. DiTacchio L, DiTacchio KA, Panda S. Relevance of circadian rhythm in cancer. In: Murine
models, energy balance, and cancer. Springer; 2015:1-19.

8. DiTacchio L, DiTacchio KA, Panda S. Relevance of circadian rhythm in cancer. In: Murine
models, energy balance, and cancer. Springer; 2015:1-19.

9. Dickerson SS, Connors LM, Fayad A, Dean GE. Sleep-wake disturbances in cancer patients:
Narrative review of literature focusing on improving quality of life outcomes. Nat Sci Sleep.
2014;6:85-100. doi: 10.2147/NSS.S34846 [doi].

10. Wu HS, Harden JK. Symptom burden and quality of life in survivorship: A review of the
literature. Cancer Nurs. 2015;38(1):E29-54. doi: 10.1097/NCC.0000000000000135 [doi].

11. Van Dycke KC, Rodenburg W, van Oostrom CT, et al. Chronically alternating light cycles
increase breast cancer risk in mice. Current Biology. 2015;25(14):1932-1937.

12. Davidson AJ, Sellix MT, Daniel J, Yamazaki S, Menaker M, Block GD. Chronic jet-lag
increases mortality in aged mice. Curr Biol. 2006;16(21):R914-6. doi: S0960-9822(06)02291-3
[pii].

13. Akerstedt T, Kecklund G, Johansson S. Shift work and mortality. Chronobiol Int.
2004;21(6):1055-1061.

14. Erren TC, Falaturi P, Morfeld P, Knauth P, Reiter RJ, Piekarski C. Shift work and cancer:
The evidence and the challenge. Dtsch Arztebl Int. 2010;107(38):657-662. doi:
10.3238/arztebl.2010.0657 [doi].

72| Page



15. Lin X, Chen W, Wei F, Ying M, Wei W, Xie X. Night-shift work increases morbidity of
breast cancer and all-cause mortality: A meta-analysis of 16 prospective cohort studies. Sleep
Med. 2015;16(11):1381-1387. doi: S1389-9457(15)00747-9 [pii].

16. Schernhammer ES, Kroenke CH, Laden F, Hankinson SE. Night work and risk of breast
cancer. Epidemiology. 2006;17(1):108-111.

17. Schernhammer ES, Laden F, Speizer FE, et al. Night-shift work and risk of colorectal cancer
in the nurses’ health study. J Natl Cancer Inst. 2003;95(11):825-828.

18. Hansen J, Stevens RG. Case-control study of shift-work and breast cancer risk in danish
nurses: Impact of shift systems. Eur J Cancer. 2012;48(11):1722-1729. doi:
10.1016/j.ejca.2011.07.005 [doi].

19. Hansen J. Increased breast cancer risk among women who work predominantly at night.
Epidemiology. 2001;12(1):74-77.

20. Bonde JP, Hansen J, Kolstad HA, et al. Work at night and breast cancer-report on evidence-
based options for preventive actions. Scand J Work Environ Health. 2012:380-390.

21. ljaz S, Verbeek J, Seidler A, et al. Night-shift work and breast cancer—a systematic review
and meta-analysis. Scand J Work Environ Health. 2013:431-447.

22. Straif K, Baan R, Grosse VY, et al. Carcinogenicity of shift-work, painting, and fire-fighting.
2007.

23. Stellman SD. International agency for research on cancer: IARC monographs on the
evaluation of the carcinogenic risk of chemicals to humans.Saccharin, a report by Dr.Morris
F.Cranmer: Vol.22, Some non-nutritive sweetening agents, 208 pages, no
illustrations.(TRUNCATED). 1981.

24. Tumeh PC, Harview CL, Yearley JH, et al. PD-1 blockade induces responses by inhibiting
adaptive immune resistance. Nature. 2014;515(7528):568.

25. Bremnes RM, Busund L, Kilvaer TL, et al. The role of tumor-infiltrating lymphocytes in
development, progression, and prognosis of non—small cell lung cancer. Journal of Thoracic
Oncology. 2016;11(6):789-800.

26. Santoiemma PP, Powell Jr DJ. Tumor infiltrating lymphocytes in ovarian cancer. Cancer
biology & therapy. 2015;16(6):807-820.

27. Miao Z, Zhao T, Wang Z, et al. Influence of different hypoxia models on metastatic potential
of SGC-7901 gastric cancer cells. Tumor Biol. 2014;35(7):6801-6808.

28. Mei Z, Liu Y, Liu C, et al. Tumour-infiltrating inflammation and prognosis in colorectal
cancer: Systematic review and meta-analysis. Br J Cancer. 2014;110(6):1595.

73| Page



29. Schatton T, Scolyer RA, Thompson JF, Mihm MC. Tumor-infiltrating lymphocytes and their
significance in melanoma prognosis. In: Molecular diagnostics for melanoma. Springer;
2014:287-324.

30. Nosho K, Baba Y, Tanaka N, et al. Tumour-infiltrating t-cell subsets, molecular changes in
colorectal cancer, and prognosis: Cohort study and literature review. J Pathol. 2010;222(4):350-
366.

31. Oble DA, Loewe R, Yu P, Mihm MC,Jr. Focus on TILs: Prognostic significance of tumor
infiltrating lymphocytes in human melanoma. Cancer Immun. 2009;9:3. doi: 090101 [pii].

32. Hu G, Wang S. Tumor-infiltrating CD45R0O memory T lymphocytes predict favorable
clinical outcome in solid tumors. Scientific Reports. 2017;7(1):10376.

33. Young T, Palta M, Dempsey J, Peppard PE, Nieto FJ, Hla KM. Burden of sleep apnea:
Rationale, design, and major findings of the wisconsin sleep cohort study. WMJ.
2009;108(5):246-249.

34. Krystal AD. The effect of insomnia definitions, terminology, and classifications on clinical
practice. J Am Geriatr Soc. 2005;53(S7):S258-S263.

35. McArthur D. Incidence of hypertension and type 2 diabetes among obstructive sleep apnea
patients. . 2016.

36. Hla KM, Young T, Hagen EW, et al. Coronary heart disease incidence in sleep disordered
breathing: The wisconsin sleep cohort study. Sleep. 2015;38(5):677-684. doi: 10.5665/sleep.4654
[doi].

37. Grandner MA, Hale L, Moore M, Patel NP. Mortality associated with short sleep duration:
The evidence, the possible mechanisms, and the future. Sleep medicine reviews. 2010;14(3):191-
203.

38. Tarasiuk A, Reuveni H. The economic impact of obstructive sleep apnea. Curr Opin Pulm
Med. 2013;19(6):639-644. doi: 10.1097/MCP.0b013e3283659¢1e [doi].

39. Hagg SA, Kjell Torén PhD M, Eva Lindberg PhD M. Role of sleep disturbances in
occupational accidents among women. Scand J Work Environ Health. 2015;41(4):368.

40. Ancolia€=lsrael S, Cooke JR. Prevalence and comorbidity of insomnia and effect on
functioning in elderly populations. J Am Geriatr Soc. 2005;53(S7):5264-S271.

41. Kelleher FC, Rao A, Maguire A. Circadian molecular clocks and cancer. Cancer Lett.
2014;342(1):9-18. doi: 10.1016/j.canlet.2013.09.040 [doi].

42. Filipski E, Delaunay F, King VM, et al. Effects of chronic jet lag on tumor progression in
mice. Cancer Res. 2004;64(21):7879-7885. doi: 64/21/7879 [pii].

74| Page



43. Sainz RM, Mayo JC, Tan D, Ledn J, Manchester L, Reiter RJ. Melatonin reduces prostate
cancer cell growth leading to neuroendocrine differentiation via a receptor and PKA independent
mechanism. Prostate. 2005;63(1):29-43.

44. Fritschi L. Shift work and cancer. BMJ. 2009;339:b2653. doi: 10.1136/bmj.b2653 [doi].

45. Hurley S, Goldberg D, Bernstein L, Reynolds P. Sleep duration and cancer risk in women.
Cancer Causes & Control. 2015;26(7):1037-1045.

46. Von Ruesten A, Weikert C, Fietze I, Boeing H. Association of sleep duration with chronic
diseases in the european prospective investigation into cancer and nutrition (EPIC)-potsdam
study. PloS one. 2012;7(1):e30972.

47. Gu F, Xiao Q, Chu LW, et al. Sleep duration and cancer in the NIH-AARP diet and health
study cohort. PloS one. 2016;11(9):e0161561.

48. Xiao Q, Signorello LB, Brinton LA, Cohen SS, Blot WJ, Matthews CE. Sleep duration and
breast cancer risk among black and white women. Sleep Med. 2016;20:25-29.

49. Phipps Al, Bhatti P, Neuhouser ML, et al. Pre-diagnostic sleep duration and sleep quality in
relation to subsequent cancer survival. J Clin Sleep Med. 2016;12(4):495-503. doi:
10.5664/jcsm.5674 [doi].

50. Thompson CL, Li L. Association of sleep duration and breast cancer OncotypeDX recurrence
score. Breast Cancer Res Treat. 2012;134(3):1291-1295.

51. Perini S, Martinez D, Montanari C, Fiori C. Enhanced expression of melanoma progression
markers in mouse model of sleep apnea. Revista Portuguesa de Pneumologia (English Edition).
2016;22(4):209-213.

52. Gozal D, Farré R, Nieto FJ. Putative links between sleep apnea and cancer: From hypotheses
to evolving evidence. CHEST Journal. 2015;148(5):1140-1147.

53. Gozal D, Ham SA, Mokhlesi B. Sleep apnea and cancer: Analysis of a nationwide population
sample. Sleep. 2016;39(8):1493-1500. doi: 10.5665/sleep.6004 [doi].

54. Marshall NS, Wong KK, Cullen SR, Knuiman MW, Grunstein RR. Sleep apnea and 20-year
follow-up for all-cause mortality, stroke, and cancer incidence and mortality in the busselton
health study cohort. J Clin Sleep Med. 2014;10(4):355-362. doi: 10.5664/jcsm.3600 [doi].

55. Nieto FJ, Peppard PE, Young T, Finn L, Hla KM, Farré R. Sleep-disordered breathing and
cancer mortality: Results from the wisconsin sleep cohort study. American journal of respiratory
and critical care medicine. 2012;186(2):190-194.

56. Shi T, Min M, Sun C, Zhang Y, Liang M, Sun Y. Does insomnia predict a high risk of
cancer? A systematic review and meta-analysis of cohort studies. J Sleep Res.
2020;29(1):e12876.

75| Page



57. Fried LP, Borhani NO, Enright P, et al. The cardiovascular health study: Design and
rationale. Ann Epidemiol. 1991;1(3):263-276.

58. Quan SF, Howard BV, Iber C, et al. The sleep heart health study: Design, rationale, and
methods. Sleep. 1997;20(12):1077-1085.

59. Strand LB, Carnethon M, Biggs ML, et al. Sleep disturbances and glucose metabolism in
older adults: The cardiovascular health study. Diabetes Care. 2015;38(11):2050-2058. doi:
10.2337/dc15-0137 [doi].

60. Geffken DF, Cushman M, Burke GL, Polak JF, Sakkinen PA, Tracy RP. Association
between physical activity and markers of inflammation in a healthy elderly population. Am J
Epidemiol. 2001;153(3):242-250.

61. Mittelmark M, Psaty BM, Rautaharju PM, et al. Prevalence of cardiovascular diseases among
older adults: The cardiovascular health study. Am J Epidemiol. 1993;137(3):311-317.

62. Greenlee H, Unger JM, LeBlanc M, Ramsey S, Hershman DL. Association between body
mass index and cancer survival in a pooled analysis of 22 clinical trials. Cancer Epidemiol
Biomarkers Prev. 2017;26(1):21-29. doi: 10.1158/1055-9965.EPI1-15-1336 [doi].

63. Psaty BM, Kuller LH, Bild D, et al. Methods of assessing prevalent cardiovascular disease in
the cardiovascular health study. Ann Epidemiol. 1995;5(4):270-277.

64. Ives DG, Fitzpatrick AL, Bild DE, et al. Surveillance and ascertainment of cardiovascular
events: The cardiovascular health study. Ann Epidemiol. 1995;5(4):278-285.

65. StataCorp. stata statistical software: Release 14. college station, TX: StataCorp LP. . 2015.

66. Almendros I, Martinez-Garcia MA, Farré R, Gozal D. Obesity, sleep apnea, and cancer. Int J
Obes. 2020:1-15.

67. Chung F, Abdullah H, Liao P. STOP BANG questionnaire. Chest. 2016;149(4):631-638.

68. Therneau TM, Grambsch PM. The cox model. In: Modeling survival data: Extending the cox
model. Springer; 2000:39-77.

69. Logan RW, Zhang C, Murugan S, et al. Chronic shift-lag alters the circadian clock of NK
cells and promotes lung cancer growth in rats. J Immunol. 2012;188(6):2583-2591. doi:
10.4049/jimmunol.1102715 [doi].

70. Akerstedt T, Froberg JE, Friberg Y, Wetterberg L. Melatonin excretion, body temperature
and subjective arousal during 64 hours of sleep deprivation. Psychoneuroendocrinology.
1979;4(3):219-225.

71. Wehr T, Aeschbach D, Duncan Jr W. Evidence for a biological dawn and dusk in the human
circadian timing system. J Physiol (Lond ). 2001;535(3):937-951.

76 | Page



72. Blask DE. Melatonin, sleep disturbance and cancer risk. Sleep medicine reviews.
2009;13(4):257-264.

73. Reiter RJ. Mechanisms of cancer inhibition by melatonin. J Pineal Res. 2004;37(3):213-214.

74.Li L, Ren F, Cao J, Chen B. Relevant mechanism of intermittent hypoxia-induced melanoma
lung metastases in a murine model of sleep apnea. CHEST Journal. 2016;149(4_S):A556-A556.

75. Martinez-Garcia MA, Martorell-Calatayud A, Nagore E, et al. Association between sleep
disordered breathing and aggressiveness markers of malignant cutaneous melanoma. Eur Respir
J. 2014;43(6):1661-1668. doi: 10.1183/09031936.00115413 [doi].

76. Vilaseca A, Campillo N, Torres M, et al. Intermittent hypoxia increases kidney tumor
vascularization in a murine model of sleep apnea. PloS one. 2017;12(6):e0179444.

77. Toth K, Chintala S, Rustum YM. Constitutive expression of HIF-alpha plays a major role in
generation of clear-cell phenotype in human primary and metastatic renal carcinoma. Appl
Immunohistochem Mol Morphol. 2014;22(9):642-647. doi: 10.1097/PAI.0000000000000012
[doi].

78. Akbarpour M, Khalyfa A, Qiao Z, et al. Altered CD8+ T-cell lymphocyte function and TC1
cell stemness contribute to enhanced malignant tumor properties in murine models of sleep
apnea. Sleep. 2016. doi: sp-00426-16 [pii].

79. Khalyfa A, Almendros I, Gileles-Hillel A, et al. Circulating exosomes potentiate tumor
malignant properties in a mouse model of chronic sleep fragmentation. Oncotarget. 2016. doi:
10.18632/oncotarget.10578 [doi].

80. Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB. Oxidative stress, inflammation, and
cancer: How are they linked? Free Radical Biology and Medicine. 2010;49(11):1603-1616.

81. Ryan HE, Poloni M, McNulty W, et al. Hypoxia-inducible factor-1alpha is a positive factor
in solid tumor growth. Cancer Res. 2000;60(15):4010-4015.

82. Cubillos-Zapata C, Balbas-Garcia C, Avendafio-Ortiz J, et al. Age-dependent hypoxia-
induced PD-L1 upregulation in patients with obstructive sleep apnoea. Respirology. 2019.

83. Cubillos-Zapata C, Avendano-Ortiz J, Hernandez-Jimenez E, et al. Hypoxia-induced PD-
L1/PD-1 crosstalk impairs T-cell function in sleep apnoea. Eur Respir J.
2017;50(4):10.1183/13993003.00833-2017. Print 2017 Oct. doi: 1700833 [pii].

84. Sillah A, Watson NF, Schwartz SM, Gozal D, Phipps Al. Sleep apnea and subsequent cancer
incidence. Cancer Causes & Control. 2018:1-8.

85. Ge L, Guyatt G, Tian J, et al. Insomnia and risk of mortality from all-cause, cardiovascular
disease, and cancer: Systematic review and meta-analysis of prospective cohort studies. Sleep
Medicine Reviews. 2019;48:101215.

77| Page



86. Christensen AS, Clark A, Salo P, et al. Symptoms of sleep disordered breathing and risk of
cancer: A prospective cohort study. Sleep. 2013;36(10):1429-1435. doi: 10.5665/sleep.3030
[doi].

87. Campos-Rodriguez F, Martinez-Garcia MA, Martinez M, et al. Association between
obstructive sleep apnea and cancer incidence in a large multicenter spanish cohort. American
journal of respiratory and critical care medicine. 2013;187(1):99-105.

88. Torres M, Campillo N, Nonaka PN, et al. Aging reduces intermittent hypoxia-induced lung
carcinoma growth in a mouse model of sleep apnea. American journal of respiratory and critical
care medicine. 2018(ja).

89. Fang H, Miao N, Chen C, Sithole T, Chung M. Risk of cancer in patients with insomnia,
parasomnia, and obstructive sleep apnea: A nationwide nested case-control study. Journal of
Cancer. 2015;6(11):1140.

90. Sillah A, Watson NF, Gozal D, Phipps Al. Obstructive sleep apnea severity and subsequent
risk for cancer incidence. Preventive medicine reports. 2019;15:100886.

91. Quinn M, Babb P. Patterns and trends in prostate cancer incidence, survival, prevalence and
mortality. part I: International comparisons. BJU Int. 2002;90(2):162-173.

92. Dickerman BA, Markt SC, Koskenvuo M, et al. Sleep disruption, chronotype, shift work, and
prostate cancer risk and mortality: A 30-year prospective cohort study of finnish twins. Cancer
Causes & Control. 2016;27(11):1361-1370.

93. Markt SC, Flynn-Evans EE, Valdimarsdottir UA, et al. Sleep duration and disruption and
prostate cancer risk: A 23-year prospective study. Cancer Epidemiol Biomarkers Prev.
2016;25(2):302-308. doi: 10.1158/1055-9965.EP1-14-1274 [doi].

94. Demark-Wahnefried W, Platz EA, Ligibel JA, et al. The role of obesity in cancer survival
and recurrence. Cancer Epidemiol Biomarkers Prev. 2012;21(8):1244-1259. doi: 10.1158/1055-
9965.EPI1-12-0485 [doi].

95. Tan X, Cedernaes J, Forsberg LA, Schioth HB, Benedict C. Self-reported sleep disturbances
and prostate cancer morbidity and mortality in swedish men: A longitudinal study over 40 years.
J Sleep Res. 2018;27(6):e12708.

96. Rivera-lzquierdo M, Martinez-Ruiz V, Castillo-Ruiz EM, Manzaneda-Navio M, Pérez-
Gobmez B, Jimenez-Moleon JJ. Shift work and prostate cancer: An updated systematic review
and meta-analysis. International journal of environmental research and public health.
2020;17(4):1345.

97. Chung W, Lin C. Sleep disorders associated with risk of prostate cancer: A population-based
cohort study. BMC Cancer. 2019;19(1):146.

78| Page



98. Marhuenda E, Campillo N, Gabasa M, et al. Effects of sustained and intermittent hypoxia on
human lung cancer cells. American Journal of Respiratory Cell and Molecular Biology.
2019;61(4):540-544.

99. Kripke DF, Garfinkel L, Wingard DL, Klauber MR, Marler MR. Mortality associated with
sleep duration and insomnia. Arch Gen Psychiatry. 2002;59(2):131-136.

100. Van Dongen HP, Vitellaro KM, Dinges DF. Individual differences in adult human sleep and
wakefulness: Leitmotif for a research agenda. Sleep. 2005;28(4):479-498.

101. Collins KP, Geller DA, Antoni M, et al. Sleep duration is associated with survival in
advanced cancer patients. Sleep Med. 2017;32:208-212.

102. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. Increased prevalence of
sleep-disordered breathing in adults. Am J Epidemiol. 2013;177(9):1006-1014. doi:
10.1093/aje/kws342 [doi].

103. Vilaseca A, Nguyen DP, Vertosick EA, et al. Obstructive sleep apnea and fuhrman grade in
patients with clear cell renal cell carcinoma treated surgically. World J Urol. 2017;35(1):51-56.

104. Martinez-Garcia MA, Campos-Rodriguez F, Almendros I, et al. Cancer and sleep apnea:
Cutaneous melanoma as a case study. American journal of respiratory and critical care
medicine. 2019(ja).

105. Almendros I, Montserrat JM, Ramirez J, et al. Intermittent hypoxia enhances cancer
progression in a mouse model of sleep apnoea. Eur Respir J. 2012;39(1):215-217. doi:
10.1183/09031936.00185110 [doi].

106. Almendros I, Wang Y, Becker L, et al. Intermittent hypoxia-induced changes in tumor-
associated macrophages and tumor malignancy in a mouse model of sleep apnea. American
journal of respiratory and critical care medicine. 2014;189(5):593-601.

107. Nobis CC, Labrecque N, Cermakian N. Circadian control of antigen-specific T cell
responses. ChronoPhysiology and Therapy. 2016;6:65-74.

108. Fortier EE, Rooney J, Dardente H, Hardy MP, Labrecque N, Cermakian N. Circadian
variation of the response of T cells to antigen. J Immunol. 2011;187(12):6291-6300. doi:
10.4049/jimmunol.1004030 [doi].

109. Bollinger T, Leutz A, Leliavski A, et al. Circadian clocks in mouse and human CD4 T cells.
PloS one. 2011;6(12):e29801.

110. Fernandes G, Halberg F, Yunis EJ, Good RA. Circadian rhythmic plaque-forming cell
response of spleens from mice immunized with SRBC. J Immunol. 1976;117(3):962-966.

111. Tumeh PC, Harview CL, Yearley JH, et al. PD-1 blockade induces responses by inhibiting
adaptive immune resistance. Nature. 2014;515(7528):568.

79| Page



112. Sacher AG, Gandhi L. Biomarkers for the clinical use of PD-1/PD-L1 inhibitors in non—
small-cell lung cancer: A review. JAMA oncology. 2016;2(9):1217-1222.

113. Patel SP, Kurzrock R. PD-L1 expression as a predictive biomarker in cancer
immunotherapy. Mol Cancer Ther. 2015;14(4):847-856. doi: 10.1158/1535-7163.MCT-14-0983
[doi].

114. Mahoney KM, Rennert PD, Freeman GJ. Combination cancer immunotherapy and new
immunomodulatory targets. Nature reviews Drug discovery. 2015;14(8):561.

115. Topalian SL, Taube JM, Anders RA, Pardoll DM. Mechanism-driven biomarkers to guide
immune checkpoint blockade in cancer therapy. Nature Reviews Cancer. 2016;16(5):275.

116. Goldberg SB, Narayan A, Kole AJ, et al. Early assessment of lung cancer immunotherapy
response via circulating tumor DNA. Clin Cancer Res. 2018. doi: 10.1158/1078-0432.CCR-17-
1341 [doi].

117. lwai Y, Hamanishi J, Chamoto K, Honjo T. Cancer immunotherapies targeting the PD-1
signaling pathway. J Biomed Sci. 2017;24(1):26.

118. Tsai H, Hsu P. Cancer immunotherapy by targeting immune checkpoints: Mechanism of T
cell dysfunction in cancer immunity and new therapeutic targets. J Biomed Sci. 2017;24(1):35.

119. Bilen MA, Martini DJ, Liu Y, et al. The prognostic and predictive impact of inflammatory

biomarkers in patients who have advanced-stage cancer treated with immunotherapy. Cancer.
2019;125(1):127-134.

120. Food and Drug Administration - HIGHLIGHTS OF PRESCRIBING INFORMATION.
Https://Www.accessdata.fda.gov/drugsatfda_docs/label/2018/761097s0001bl.pdf accessed
5/16/2020. .

121. Studentova H, Kalabova H, Koranda P, et al. Immunotherapy in mucosal melanoma: A case
report and review of the literature. Oncotarget. 2018;9(25):17971.

122. Raman R, Vaena D. Immunotherapy in metastatic renal cell carcinoma: A comprehensive
review. BioMed research international. 2015;2015.

123. Espinosa E, Marquez-Rodas I, Soria A, et al. Predictive factors of response to
immunotherapy-a review from the spanish melanoma group (GEM). Ann Transl Med.
2017;5(19):389. doi: 10.21037/atm.2017.08.10 [doi].

124. Rebuzzi SE, Bregni G, Grassi M, et al. Immunotherapy beyond progression in advanced
renal cell carcinoma: A case report and review of the literature. Immunotherapy.
2018;10(13):1123-1132.

125. Min YH, Lee JW, Shin YW, et al. Daily collection of self-reporting sleep disturbance data

via a smartphone app in breast cancer patients receiving chemotherapy: A feasibility study. J
Med Internet Res. 2014;16(5):e135. doi: 10.2196/jmir.3421 [doi].

80|Page



126. Ancoli-lIsrael S, Liu L, Marler MR, et al. Fatigue, sleep, and circadian rhythms prior to
chemotherapy for breast cancer. Supportive Care in Cancer. 2006;14(3):201-209.

127. Ancoli-lIsrael S. Sleep disturbances in cancer: A review. Sleep Medicine Research.
2015;6(2):45-49.

128. Chen ML, Yu CT, Yang CH. Sleep disturbances and quality of life in lung cancer patients
undergoing chemotherapy. Lung Cancer. 2008;62(3):391-400. doi:
10.1016/j.lungcan.2008.03.016 [doi].

129. Sillah A, Tykodi SS, Hall ET, et al. Predictive lifestyle markers for efficacy of cancer
immune checkpoint inhibitors: a commentary. 2020.

130. Loggers ET, Starks H, Shannon-Dudley M, Back AL, Appelbaum FR, Stewart FM.
Implementing a death with dignity program at a comprehensive cancer center. N Engl J Med.
2013;368(15):1417-1424.

131. Rini BI, McDermott DF, Hammers H, et al. Society for immunotherapy of cancer consensus
statement on immunotherapy for the treatment of renal cell carcinoma. Journal for
immunotherapy of cancer. 2016;4(1):81.

132. Kaufman HL, Kirkwood JM, Hodi FS, et al. The society for immunotherapy of cancer
consensus statement on tumour immunotherapy for the treatment of cutaneous melanoma.
Nature reviews Clinical oncology. 2013;10(10):588.

133. Long GV, Dummer R, Ribas A, et al. Efficacy analysis of MASTERKEY-265 phase 1b
study of talimogene laherparepvec (T-VEC) and pembrolizumab (pembro) for unresectable stage
[1IB-1V melanoma. . 2016.

134. Levine DW, Lewis MA, Bowen DJ, et al. Reliability and validity of women's health
initiative insomnia rating scale. Psychol Assess. 2003;15(2):137.

135. Bardwell WA, Profant J, Casden DR, et al. The relative importance of specific risk factors
for insomnia in women treated for early-stage breast cancer. Psycho-Oncology. 2008;17(1):9-18.

136. Resmed. Https://Www.sleepscore.com/sleepscore-max-sleep-trackeraccessed 05.01.2018. .

137. Ren W, Liu G, Chen S, et al. Melatonin signaling in T cells: Functions and applications. J
Pineal Res. 2017.

138. Noman MZ, Desantis G, Janji B, et al. PD-L1 is a novel direct target of HIF-1alpha, and its
blockade under hypoxia enhanced MDSC-mediated T cell activation. J Exp Med.
2014;211(5):781-790. doi: 10.1084/jem.20131916 [doi].

139. Tang F, Zheng P. Tumor cells versus host immune cells: Whose PD-L1 contributes to PD-
1/PD-L1 blockade mediated cancer immunotherapy? Cell & bioscience. 2018;8(1):34.

8l|Page



140. Noman MZ, Desantis G, Janji B, et al. PD-L1 is a novel direct target of HIF-1alpha, and its
blockade under hypoxia enhanced MDSC-mediated T cell activation. J Exp Med.
2014;211(5):781-790. doi: 10.1084/jem.20131916 [doi].

141. Cubillos-Zapata C, Balbas-Garcia C, Avendafio-Ortiz J, et al. Age-dependent hypoxia-
induced PD-L1 upregulation in patients with obstructive sleep apnoea. Respirology. 2019.

142. Fiorentino L, Rissling M, Liu L, Ancoli-Israel S. The symptom cluster of sleep, fatigue and
depressive symptoms in breast cancer patients: Severity of the problem and treatment options.
Drug Discovery Today: Disease Models. 2011;8(4):167-173.

143. Silberfarb PM, Hauri PJ, Oxman TE, Schnurr P. Assessment of sleep in patients with lung
cancer and breast cancer. J Clin Oncol. 1993;11(5):997-1004. doi: 10.1200/JC0.1993.11.5.997
[doi].

144. Martinez-Garcia MA, Campos-Rodriguez F, Almendros I, et al. Cancer and sleep apnea:
Cutaneous melanoma as a case study. American journal of respiratory and critical care
medicine. 2019(ja).

145. Vilaseca A, Nguyen DP, Vertosick EA, et al. Obstructive sleep apnea and fuhrman grade in
patients with clear cell renal cell carcinoma treated surgically. World J Urol. 2017;35(1):51-56.

146. Clinton JM, Davis CJ, Zielinski MR, Jewett KA, Krueger JM. Biochemical regulation of
sleep and sleep biomarkers. Journal of Clinical Sleep Medicine. 2011;7(05):S38-542.

147. Montesi SB, Bajwa EK, Malhotra A. Biomarkers of sleep apnea. Chest. 2012;142(1):239-
245,

148. Otte JL, Carpenter JS, Manchanda S, et al. Systematic review of sleep disorders in cancer
patients: Can the prevalence of sleep disorders be ascertained? Cancer medicine. 2015;4(2):183-
200.

149. Chung F, Subramanyam R, Liao P, Sasaki E, Shapiro C, Sun Y. High STOP-bang score
indicates a high probability of obstructive sleep apnoea. Br J Anaesth. 2012;108(5):768-775.

150. Farney RJ, Walker BS, Farney RM, Snow GL, Walker JM. The STOP-bang equivalent
model and prediction of severity of obstructive sleep apnea: Relation to polysomnographic
measurements of the apnea/hypopnea index. Journal of Clinical Sleep Medicine. 2011.

151. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation criteria in solid
tumours: Revised RECIST guideline (version 1.1). Eur J Cancer. 2009;45(2):228-247.

82|Page



