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Purpose: Sleep is essential for life, as well as having a major impact on quality of life. Not
much attention has been given to this important factor in the care of lung cancer patients.
Patients and Methods: We retrospectively analyzed a cohort of 404 lung cancer patients
treated in our institute between 2010 and 2018. Data about sleep quality, distress and pain
were self-reported by questionnaires administered to patients at their first clinic visit to the
Institute of Oncology. Sex, age, histology, stage, smoking and marital status were extracted
from the patients’ charts. Uni- and multi-variate analyses were carried out to evaluate the
correlation of these factors with survival.

Results: Most patients reported some level of distress and pain. Sleep abnormalities were
reported by 58.7% of patients. Distress, pain and bad sleep were correlated with shorter
survival in univariate analyses; however, only sleep remained associated with survival in
multivariate analysis. Patients reporting bad sleep had a median survival of 16 months,
compared to 27 months for patients reporting good sleep (hazard ratio 1.83, 95% C.L
1.27-2.65). Frequent arousals at night were more tightly correlated with survival than
difficulty falling asleep.

Conclusion: Sleep quality, as reported by lung cancer patients, is highly correlated with
survival. Further studies are required to comprehend whether poor sleep quality is directly
impacting survival or is a result of the cancer aggressiveness and patients’ conditions.
Keywords: lung cancer, sleep quality, survival, distress, pain, patient-reported outcomes

Introduction
Sleep remains one of the great mysteries of biology, comprising a period of vulner-
able apparent inactivity, observed basically in all animals with a nervous system.'
The overarching need for sleep across species substantiates its essentially for life. In
humans, sleep quality and length are associated with mortality in a complex manner.’
Both short* and long sleep periods were associated with increased mortality and
morbidity including obesity, diabetes and cardiovascular diseases.” Sleep distur-
bances are correlated with increased blood levels of inflammatory mediators.® In
a mice model, sleep disruption caused accelerated atherosclerosis and impacted
hematopoiesis.” Sleep is essential for memory consolidation and other cognitive
functions.® Protein phosphorylation and various molecular correlates of the need-
for-sleep, and of sleep-wake cycles have been described.” Recent reports of sleep
impact on chromatin modulations and repair of double-strand DNA breaks in neurons
might offer an explanation to the essentially of sleep.'®

Complex interactions exist between sleep abnormalities and cancer. Sleeping dis-
turbances clearly violate the circadian rhythm.'" Association of the circadian rhythm
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with various aspects of cancer biology,'* gene expression,'?
and cancer metabolism'® has been identified and studied.
Disturbed circadian rhythm in mice increased the risk of
liver damage and hepatic cancer.'” Insomnia and distur-
bances in the circadian rhythm can lead to reduced melatonin
secretion.'® Melatonin in turn impacts the immune system
favorably, potentially opposing cancer through various
mechanisms'” such as antioxidative activity and modulation
of the immune response.'® Sleep disturbances have been

reported to correlate with increased cancer risk.'*°

Cancer patients commonly report abnormal sleep.?'
Short sleep duration and snoring prior to cancer diagnosis
were correlated with shorter survival of breast cancer
patients.”® Poor sleep quality was correlated with reduced
survival among advanced breast cancer patients,”* with
most deaths being breast cancer-related rather than other
co-morbidities.”” This association was independent of
potential confounders as depression, cancer treatment,
and cortisol levels. In that study, survival was not asso-
ciated with sleep duration but rather with sleep efficiency
(total sleep time/time spent in bed). Sleep disturbances
were correlated with more aggressive cancer features
among breast cancer patients.”® Deciphering cause and
effect here is difficult, as cancer may negatively impact
sleep. A model of breast cancer in immune-competent
mice demonstrated cancer-induced abnormal orexin sig-
naling causing fragmented sleep as well as altered glucose
metabolism.?’” Several mechanisms may thus explain an
association of reduced sleep quality with cancer
aggressiveness.”>** % Importantly, although disturbed
sleep, depression, fatigue and stress seem closely corre-
lated, each of these symptoms may endow a separate
pathogenesis.>’

Lung cancer is the most common cause of cancer-related
death worldwide.>' Night shift work, known to be asso-
ciated with poor sleep quality, has been correlated with
increased incidence of several cancers including lung
cancer.>> Melatonin was demonstrated to induce apoptosis,
reduce cell proliferation of lung cancer cell lines and
reduced metastatic spread in mouse models of lung
cancer.> In a mouse model of lung cancer, circadian rhythm
disruption accelerated lung cancer progression, with evi-
dence of a direct tumor-suppressive role for circadian clock
genes.>* Sleep disturbances are common in lung cancer
patients.> The psychological, physiological and molecular
correlates of poor sleep may impact lung cancer progression
and response to therapy. In this study, we aimed to examine
whether sleep quality correlated with survival of lung

cancer patients. We evaluated sleep based on the reply to
a single question, and demonstrate a significant correlation
of sleep quality assessed this way with patients’ survival. To
the best of our knowledge, this is the first report of the
association of sleep quality with survival in lung cancer
patients, as well as a unique demonstration of the utility of
a simple self-reported sleep quality in this context.

Methods

Epidemiological, clinical and pathological data were retro-
spectively collected from medical charts of lung cancer
patients treated at the Sheba Medical Center during
2010-2018. Patients were identified from the working
database of the Institute’s lung cancer unit. Recognized
prognostic factors were extracted from the medical charts
and included age, sex, performance status and stage at
diagnosis, histology, smoking status and marital
status.>®?’ Performance status (PS) was scored from
0 to 5 based on the Eastern Cooperative Oncology Group
score.”™*? Last follow-up or date of death were extracted
from the electronic medical record software.

Self-filled questionnaires which are part of the standard
intake of patients on their first visit to the Oncology
Institute were utilized to determine sleeping quality, dis-
tress and pain levels. Sleep quality was reported as any of:
no problems; difficulty falling asleep; frequent arousals at
night. The information about pain was self-reported by the
same questionnaire by a visual analog scale (range 0-10),
relating to three different situations: usual pain level, worst
pain level and pain level on analgesics. In addition, the
questionnaires queried level of distress, graded from
0 to 5, also by visual analog scale.

Inclusion criteria for the dataset of this study were
a pathologic or cytologic diagnosis of thoracic malignancy
of any type and stage; the availability of the sleep quality

data; and availability of potential prognostic factors data.

Statistical Analysis

Overall survival (OS) was calculated from date of diagnosis
till death or censured at last follow-up. All variables are
described by median and a 95% confidence interval (CI) or
median and range as appropriate. For the initial analysis,
visual analog scale of pain was converted to a categorical
parameter where a grade of zero or one out of 10 on analge-
sics was considered as “no pain” and all the rest as “in pain”.
Distress was converted to a categorical parameter where
distress level zero out of five was considered as “no distress”
and all the rest as “distressed”. Further analyses of pain and
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distress regarded these as ordinal scales utilizing the precise
grade as provided by patients. Sleep quality was converted to
two categories: good sleep and bad sleep (including any of:
difficulties falling asleep, frequent arousals at night).
Correlation between sleep status and other parameters was
assessed by Fisher’s exact test, two-sided; odds ratio was
calculated where appropriate. Age was considered as
a continuous variable, while stage, performance status, dis-
tress and pain were considered as ordinal variables, all other
factors were nominal. As a sensitivity analysis, pain and
distress were considered also as continuous variables. All
smoking status types were considered as smoker besides
never-smokers. Cox-regression was calculated, based on for-
ward stepwise selection model (likelihood ratio), including
all assessed potential risk factors. Survival was evaluated
using the Kaplan Meier method and groups compared by log-
rank test, hazard ratio was calculated by cox-regression ana-
lysis. Statistical analysis was performed using IBM SPSS
statistics version 25.

Ethics

This study was approved by the Sheba ethics committee.
Since this study did not include any interventional compo-
nent, a waiver from informed consent was granted from
the Sheba Ethics Committee. Patient data confidentiality
was strictly kept according to accepted guidelines. All
study procedures were conducted in compliance with the
Declaration of Helsinki.

Results

Patients Characteristics

We analyzed questionnaires that were filled by 476
patients on their first visit to a Medical Oncologist from
2010 to 2018. Cutoff date of data extraction was 1st
February 2019. Of the 476 questionnaires, 404 (84.9%)
included data about sleep quality, distress and pain. These
404 patients were considered the study cohort and were
analyzed further. Median follow up of these patients was
26.0 months (95% C.I. 18.7, 33.3). Median age was 66
years, mostly males, diagnosed at stage IV, married, smo-
kers (Table 1). The most common histologic type was
NSCLC and specifically Adenocarcinoma histology.

Pain, Distress and Sleep

Most of the patients reported some level of distress and pain.
As seen in Table 2, more than half of the cohort (237 of 404,
58.7%) had sleep abnormalities. As seen in Figure 1 and in

Table S1, 54.2% (219 of 404) reported a distress level of 3 or
higher. As seen in Figure 2, pain score of 2 or more (with
analgesics) was reported by 45.3% of patients (183 of 404,
Table S2), a score of 4 or more was reported by 24.3% (98 of
404). As can be expected, pain and distress were tightly

correlated (p-value <0.001 Fisher’s exact test). In addition,
pain and distress were highly correlated with sleep abnorm-
alities (p-value <0.001 Fisher’s exact test for each of these
factors correlation with sleep). Potential associations
between PS, stage of disease, histology, marital status and
sleep were examined. The only significant correlations found
were between stage IV disease and sleep abnormalities
(Fisher’s exact test p-value 0.042, Odd Ratio 1.52, 95% CI
1.02-2.27) and between PS 0 and good sleep (Fisher’s exact
test p-value 0.004, Odd Ratio 1.75, 95% CI 1.17-2.62).

Factors Predictive of Survival

Univariate analysis of sleep quality, pain and distress
demonstrated a significant correlation of each of these fac-
tors with survival (Table 2, S1, S2). As a sensitivity analy-
sis, pain and distress were examined also as continuous
variables, both found to be significantly correlated with
survival (univariate cox regression: pain, HR 1.12, 95%
CI 1.06-1.19, p <0.0001; distress, HR 1.15, 95% CI
1.051.27, p=0.004). Of the sub-categories of sleep abnorm-
alities, frequent arousals at night demonstrated a clear cor-
relation with a higher risk of death, while difficulties falling
asleep on its own did not (Table 2). Multivariate cox-
regression analysis demonstrates significant association of
survival with PS, stage, smoking and sleep abnormalities
(Table 3). The correlation of distress and pain with survival
was not significant in this analysis, whether examined
a ordinal or as continuous variables.

Overall survival was worse for the 237 patients report-
ing sleep abnormalities compared to 167 patients reporting
no sleep abnormalities (Figure 3; median survival 16.0
months, 95% CI 7.85-24.14 versus 27.0 months, 95% CI
22.81-31.19; univariate cox-regression hazard ratio 1.83
(1.27-2.65), log-rank p-value 0.001).

Discussion

We report here a detailed analysis of sleep, distress and pain
in patients with thoracic malignancies. As expected, these
issues are highly prevalent in this population. In addition, we
investigated the correlation between these factors and overall
survival of lung cancer patients. Interestingly, while each of
these factors was correlated with survival on a univariate
analysis, only sleep remained significant on multivariate
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Table | Characteristics of Patients Included in the Study

Parameters All Patients Good Sleep Bad Sleep Odds Ratio P-value
(95% CI)

N 404 167 237

Age — median (range), years® 66 (23-93) 66 (23-89) 67 (28-93) 1.20 (0.80-1.78) 0.419

Sex — Men N (%) 239 (59.2) 97 (58.1) 142 (59.9) 0.93 (0.62-1.39) 0.758

Marital Status N (%)

Married 283 (70.0) 116 (69.5) 167 (70.5) 0.95 (0.62—-1.47) 0.829

Divorced 53 (13.1) 17 (10.2) 36 (15.2) 0.63 (0.34-1.17) 0.178

Single 22 (54) 12 (7.2) 10 (4.2) 1.76 (0.74-4.17) 0.265

Widowed 46 (11.4) 22 (13.2) 24 (l0.1) 1.35 (0.73-2.49) 0.345

Stage of Disease® N (%)

| 45 (11.1) 25 (15.0) 20 (8.4) 1.91 (1.02-3.57) 0.053

I 43 (10.6) 20 (12.0) 23 (9.7) 1.26 (0.67-2.39) 0.514

I 86 (21.3) 37 (22.2) 49 (20.7) 1.09 (0.67-1.77) 0.805

v 230 (56.9) 85 (50.9) 145 (61.2) 0.66 (0.44-0.98) 0.042

Pathologic Subtype N (%)

NSCLC —Adenocarcinoma 241 (59.7) 102 (61.1) 139 (58.6) 1.10 (0.74-1.66) 0.681

NSCLC — Squamous cell 66 (16.3) 25 (15.0) 41 (17.3) 0.84 (0.49-1.45) 0.586

NSCLC — NOS 32 (79) 10 (6.0) 22 (93) 0.62 (0.29-1.35) 0.265

NSCLC - Large cell neuroendocrine 10 (2.5) 5(3.0) 5.1 1.29 (0.70-2.37) 0.434

SCLC 37.92) 17 (10.2) 20 (8.4)

Thymoma 10 (2.5) 3(1.8) 7 (3.0) 1.14 (0.44-2.96) 0.810

Mesothelioma 5(1.2) 2(1.2) 3(13)

Carcinoid 3 (0.7) 3(1.8) -

ECOG PS N (%)

0 219 (54.2) 104 (62.3) 115 (48.5) 1.75 (1.17-2.62) 0.008

| 103 (25.5) 36 (21.6) 67 (28.3) 0.70 (0.44-1.11) 0.134

2 45 (11.1) 14 (8.4) 31.(13.1) 0.61 (0.31-1.18) 0.151

3 28 (6.9) 10 (6.0) 18 (7.6) 0.75 (0.37-1.52) 0.486

4 9(22) 3(1.8) 6 (2.5)

Smoking — yes 288 (71.3) 110 (65.9) 178 (75.1) 0.66 (0.42-1.02) 0.073

Pain — yes® 183 (45.3) 50 (29.9) 133 (56.1) 2.99 (1.97-4.55) <0.001

Distress — yes® 344 (85.1) 117 (70.1) 227 (95.8) 9.70 (4.75-19.82) <0.001

Notes: *Categorial as described in methods; PAJCC version 8th. Data regarding all of the study cohort together, followed by separate columns for patients reporting good
sleep or bad sleep (difficulty falling asleep and/or frequent awakening). The odds ratio and the p-value are demonstrated for each factor.
Abbreviations: NS, non-significant; NOS, non-other specified; ECOG-PS, Eastern Cooperative Oncology Group performance status.

Table 2 Univariate Cox-Regression Analysis of Self-Reported Sleep Quality Correlation with Overall Survival for the Entire Study
Cohort (n=404)

Sleep Status n (%) Hazard Ratio (95% CI) P-value
No sleep problems 167 (41.3) Reference

Difficulty falling asleep® 55 (13.6) 1.34 (0.76-2.34) 0.303
Frequent arousals at night® 135 (33.4) 2.04 (1.37-3.05) <0.001
Both 47 (11.6) 1.80 (1.02-3.20) 0.042

Notes: “Both” refers to report of both difficulty falling asleep and frequent arousals at night. *Not including cases of “both”. P value for the correlation is 0.005, with
a higher risk of death for patients with sleep problems. Shown are also p values of correlations of each sub-category with overall survival.
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analysis. Although the number of patients of the sub- study was performed by a very simple questionnaire, the
categories of sleep abnormalities are small, patients reporting  results are strongly correlated with survival, stressing the
frequent arousals at night stood out as having a clear higher  robustness of the sleep-survival correlation. This report is
risk of death. Importantly, although sleep assessment in our  the first to our knowledge to highlight sleep as a major
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Table 3 Cox Multivariate Regression Analysis, Correlation of

Potential Prognostic Factors with Survival

Risk Factors Hazard Ratio P-value (Cox
(95% CI) Regression)
Clinical Stage <0.001
| Reference
Il 1.15 (0.07-18.49) | 0.922
n 9.28 (1.22-70.56) | 0.031
v 30.86 0.001
(4.27-223.10)
ECOG-PS <0.001
0 Reference
| 1.08 (0.69-1.67) 0.744
2 0.98 (0.56-1.72) 0.935
3 3.28 (1.97-5.47) <0.001
4 3.35 (1.57-7.11) 0.002
Smoking® 2.18 (1.39-3.41) 0.001
Sleep 1.78 (1.22-2.59) 0.003
abnormalities®
Pain NS
Distress NS
Age NS
Sex NS
Marital status NS
Histology NS

Notes: *Relative to no smoking. PRelative to no sleep abnormalities.
Abbreviations: ECOG-PS, Eastern Cooperative Oncology Group performance
status; NS, non-significant.

prognostic factor for lung cancer patients. Further studies are
needed to gain insight into the mechanisms at play, and to try
to understand if the presence of an aggressive cancer impacts
sleep quality, or whether poor sleep reduces patients resili-
ence or otherwise impacts directly their survival. Our results
should encourage a focused approach on sleep quality as part
of the multi-disciplinary treatment of lung cancer patients.
Patients and medical teams should be aware of the high
prevalence of sleep disturbances and its potential
importance.*® Risk factors of sleep disruptions in cancer
patients are multifactorial.* Accordingly, various interven-
tions can be utilized for sleep improvement, including hyp-
notics, cognitive behavior therapy*' and cannaboids** among
other options. Continuously assessing individually patients’
sleep status and identifying potential disruptive factors such
as pain or psychological stress is likely to improve sleep
quality for many patients. As we report, pain and distress
are both highly correlated to abnormal sleep. All these factors
should be regarded and treated as part of the general pallia-
tive care of cancer patients. Further research is required to
demonstrate the efficacy of various interventions on sleep

quality in lung cancer patients. Most importantly, such stu-
dies may identify specific sleep restorative interventions as
improving patients’ outcome.

Our study is a retrospective, single-center study, with
inherent limitations. No formal objective assessment of
sleep status was performed in this study. Reliance on
patients’ report is likely to be not accurate, as has been
demonstrated,* but the general assessment of good versus
bad sleep is plausibly reliable. Several detailed question-
naires were reported and validated**™® and their use
would have allowed better understanding of the nature of
the sleep problems our patients endure. No biological
correlates such as melatonin levels or immune system
function were assessed, limiting our ability to infer caus-
ality and to understand the mechanisms at play. In addi-
tion, we had no data about sleep quality changes with
treatment as well as with progression of disease, since
the questionnaires are currently being administered only
at the first clinic visit. Patient reported outcomes (PRO)
are now gaining more attention,*® commonly being eval-
uated as part of the outcomes of -clinical trials
interventions.’® Routine PRO evaluations are becoming
an expected standard, utilizing electronic devices and
social media platforms, in some cases linked to medical
teams real-time response options. Our results and the
available reported evidence indicate that sleep quality
should be persistently integrated among PROs collected
and assessed. Shining a spotlight on sleep as critically
important aspect of life may allow further improvements
in the outcome of lung cancer patients.

Conclusions

Sleep quality, as self-reported by a simple questionnaire,
was found to be a robust prognostic factor among lung
cancer patients. Although sleep, distress and pain were
correlated with each other, only bad sleep remained sig-
nificantly associated with survival in multivariate analysis.
The factors impacting sleep quality require further studies.
Sleep should be potentially regarded as a therapeutic target
among lung cancer patients.
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