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Abstract

Background: Head and neck cancer (HNC) is a generic term defined on an
anatomical-topographic basis to describe malignant tumors located in the oral
cavity, pharynx, larynx, and thyroid. A situation commonly presented by individuals
with cancer is stress, with evidence indicating a close relationship between stress,
behavior, and the immune system with the development and progression of cancer.
Aim: To assess the association between stress levels and quality of life among
individuals with HNC.

Methods: This was a cross-sectional study involving 72 HNC patients. The
University of Washington Quality of Life Questionnaire was used to assess the
quality of life, while the Perceived Stress Scale and salivary cortisol were used to
evaluate stress levels.

Results: A negative association was found between quality of life and stress levels as
indicated by both the PSS and nighttime salivary cortisol. Nighttime salivary cortisol
showed the best accuracy estimated by the area under the receiver operating
characteristic curve, slightly better than that of PSS.

Conclusion: Among the time points for saliva sampling, nighttime cortisol was found
to have the best accuracy, which was similar to that of the PSS, for the detection of

patients with the worst quality of life.
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In Brazil, according to INCA (National Cancer Institute)

estimates, 625,000 new cases of cancer are expected in 2020.

Head and neck cancer (HNC) is a generic term defined on an
anatomical-topographical basis to describe malignant tumors of the
upper aerodigestive tract. This anatomical region includes the oral
cavity, pharynx, larynx, and thyroid gland.

Among HNCs, oral cancer stands out, with 11,180 new cases,
ranking fifth overall in the male population, while larynx
cancer, with 6470 new cases, ranks eighth overall among men. In

women, 4010 new cases of oral cancer and 1180 new cases of
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laryngeal cancer are estimated annually, ranking 12th and
17th, respectively.?

Stress is a common issue among cancer patients and is associated
with activation of the hypothalamic-pituitary-adrenal (HPA) axis and
the main mediators released by the sympathetic nervous system
(SNS), namely norepinephrine, epinephrine, adrenocorticotropic
hormone (ACTH), and cortisol.® Chronic stress affects most physio-
logical systems. Such negative effect results from continued exposure
to catecholamines and glucocorticoids, including cortisol.*

There is evidence pointing to a close relationship between stress,
behavior, the immune system, and cancer development and progres-
sion; this stress response to specific stimuli may initiate a chain of
events leading up to a variety of adverse health effects.>™”

Serum cortisol is a biochemical marker of acute and chronic
stress and has been used as such, either alone or together with
specific questionnaires in clinical and epidemiological studies.®

The experience of cancer by some individuals causes dysregula-
tion of the HPA axis, leading to changes in cortisol circadian rhythm,
which may accelerate tumor progression and reduce the quality of
life (QOL).”*°

As there is a strong relationship between salivary and serum
levels of cortisol, salivary measurements have been used in several
studies. Easy sampling, noninvasiveness, sample stability at room
temperature for up to a week, and high sensitivity make this
collection method very appealing.*1?

More recent studies have suggested that nighttime cortisol levels
may be more appropriate than other collection time points as a
marker of stress in women.?"1* Only one study analyzing QOL and
stress levels in HNC patients was found in the literature, which
highlights the relevance of the present study.’® We hypothesized
that patients with the greatest stress levels, as determined by
subjective perceptions of general stress and objective measures of
salivary cortisol, would have the lowest reported QOL. Therefore, the
aim of this study was to assess the relationship between stress levels
and QOL among HNC patients.

2 | MATERIALS AND METHODS

2.1 | Study design and population
This was a cross-sectional study with 72 patients diagnosed with
HNC between February 2017 and July 2019.

We included patients over 18 years of age with a histopatholog-
ical diagnosis of squamous cell carcinoma or adenocarcinoma whose
primary site was the oral cavity, larynx, or pharynx and who were not

on corticosteroids, anxiolytics, or antidepressants.

2.2 | Data collection

Before starting data collection, researchers went through a
process of orientation and calibration. One of the instruments

used in the research was a self-completion questionnaire;
however, as most participants had low education levels, research-
ers sometimes had to apply the questionnaire as an interview.
To avoid introducing bias, researchers were told to ask each
question up to three times without rephrasing it and, in case of
noncomprehension even after the third time, they should replace
any difficult word with an easier one without changing the
meaning of the question. After such training, researchers
were asked to apply the questionnaire to some patients to ensure
the correct application.

Data collection took place on the day the patients received
the diagnosis, and participants were interviewed individually in a
private room. A form was filled out with data obtained directly from
patients and their medical records and included the following
information: age, sex, race, education, income, alcohol consump-
tion, tobacco use, tumor subsite, and TNM staging (tumor size and
extent, metastatic cervical lymph nodes, and presence of distant
metastasis) based on the 2010 AJCC/UICC classification (American
Joint Committee on Cancer/International Union Against Cancer).
Once the T, N, and M are determined, they are then combined to
form an overall score. A Roman numeral from | to IV indicates the
clinical stage, in which Stage | is the least severe, that is, the tumor
is less advanced than that of a stage coming immediately after, and
so forth.*®

The University of Washington Quality of Life Questionnaire
(UW-QOL) (version 4) was used for the QOL assessment. This
questionnaire consists of 12 questions related to specific head
and neck functions as well as activity, recreation, pain, mood, and
anxiety, with each question including three to five response
categories and a score ranging from zero (worst) to 100 (best);
a composite score is also calculated as the mean of the
12 domains.

On the same day, the Perceived Stress Scale (PSS) was
administered to subjects to assess how stressful they found everyday
life events to be. This scale includes 14 items with response options
ranging from zero to four (0 = never; 1 = almost never; 2 = sometimes;
3 = fairly often; and 4 = very often). The seven positive items (4, 5, 6, 7,
9, 10, and 13) are reversely scored (0=4,1=3,2=2,3=1,and 4 =0),
while the remaining items, which are negative, are directly scored,
and then the scores are summed across all 14 items, ranging from
0 to 56 points. There is no PSS cutoff point, and the greater the
PSS score, the more stressed the respondent is.

Saliva samples for determination of salivary cortisol levels
were collected on the day after diagnosis upon awakening, 30 min
after awakening, and in the nighttime. Patients were told to
collect the nighttime sample between 8 and 10 p.m., before going
to sleep. No patient reported working at night. Patients were
given three Salivette® saliva collection devices for the day of
collection, which allow for easy and clean saliva sampling, and
were instructed both verbally and in writing as follows: remove
the top cap of the tube, place the cotton swab found inside the
Salivette® under the tongue and leave it for 2-3 min or chew it
gently for 2-3 min to stimulate saliva flow; do not drink or eat
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during collection; after the specified time, return the cotton swab
to the Salivette® and immediately close it with the stopper; after
collection, keep the Salivette® refrigerated for up to 48 h. The
samples were retrieved the day after sampling and were sent to
the laboratory for analysis.

An electrochemiluminescence assay was used to measure
salivary cortisol levels in nmol/L, and for that, the equipment

Modular Analytics E-Module® (Roche Diagnostics) was used.'”

2.3 | Statistical analysis

Quantitative variables were described by their central tendency
(medians) and their respective dispersion measures (interquartile
ranges), while nominal variables were described by their absolute
values and percentages.

Spearman's correlation coefficient was used to assess the
relationship of QOL with the PSS score and salivary cortisol levels,
namely cortisol upon awakening, cortisol 30 min after awakening,
nighttime cortisol, and mean salivary cortisol levels.

The receiver operating characteristic (ROC) curve was em-
ployed to evaluate the diagnostic accuracy of the composite QOL
score and stress-related variables (PSS score, cortisol upon
awakening, cortisol 30 min after awakening, nighttime cortisol,
and mean cortisol levels). For this purpose, QOL scores were
divided into quartiles to create four groups, and the first quartile
(341-689) was considered the group with the worst QOL. The area
under the ROC curve was utilized to estimate test accuracy in
predicting cases with the worst QOL.

Ninety-five percent confidence intervals (Cls) were used as a
measure of the precision of results. An « level of 0.05 was adopted
to indicate statistical significance. MedCalc Statistical Software,
version 19.2.3 (MedCalc Software Ltd.), and GraphPad Prism,
version 8.0.0 for Windows (GraphPad Software), were used for
statistical analysis.

3 | RESULTS

We included 72 patients, with a median age of 62 [55-70] years, of
whom 40.3% were married or in a stable union, 36.1% were illiterate,
and 76.4% had a monthly income of one minimum wage or less.
Additional sociodemographic and clinical characteristics are detailed
in Table 1.

The median composite UW-QOL score was 904 [688-1067],
while the median PSS score was 24 [18-31]. Median levels of salivary
cortisol were 9.8 [6.4-13.5] nmol/L for mean salivary cortisol, 9.3
[5.7-14.0] nmol/L for cortisol upon awakening, 13 [9.8-19.9] nmol/L
for cortisol 30 min after awakening, and 2.9 [1.6-5.7] nmol/L for
nighttime cortisol.

The correlation of the UW-QOL composite score with the PSS

score and salivary cortisol levels is shown in Table 2. We found that

Open Access

TABLE 1  Sociodemographic and clinical characteristics of
participants with head and neck cancer
Variables n %
Sex
Male 55 76.4
Female 17 23.6
Ethnicity
White 14 19.4
Black 25 34.7
Brown & 45.8
Smoking
Smoker or abstinent for <3 years 61 80.2
No 11 19.8

Alcohol consumption

Drinker or abstinent for <1 year 60 83.3

No 12 16.7
Tumor site

Mouth 31 43.1

Pharynx 18 25.0

Larynx 23 31.9

Clinical staging
Stages | and Il 21 29.2
Stages Il and IV 51 70.8

TABLE 2 Correlations between the University of Washington
Quality of Life Questionnaire composite score and both the
Perceived Stress Scale score and salivary cortisol variations in the
study sample.

UW-QOL composite score

Variables r p

Perceived Stress Scale score -0.42 <0.001*
Cortisol upon awakening -0.14 0.210
Cortisol 30 min after awakening -0.07 0.533
Night-time cortisol -0.38 0.001*
Mean cortisol -0.24 0.038*

Abbreviation: r, Spearman's correlation.
*p < 0.05.

the PSS score and nighttime cortisol were negatively associated with
the UW-QOL composite score.

The accuracy of nighttime cortisol as estimated by the area under
the ROC curve was slightly better than that of the PSS, that is, 75%
[95% Cl: 62%-82%] and 63% [95% Cl: 51%-74%] (p=0.284),
respectively (Figure 1).
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FIGURE 1 Receiver operating characteristic curve assessing the

accuracy of the Perceived Stress Scale (PSS) score and nighttime
cortisol in detecting cases with the worst quality of life.

4 | DISCUSSION

When an individual is first diagnosed with cancer, they tend to exhibit
a psychological response, which may be characterized as chronic
stress, anxiety, and depression. Such response will probably manifest
in their behavior toward the issue as well as in their physiology.'®
Stress has been reported to be strongly associated with low QOL,

t,9'19'20 prostate,21

mood disorders, and fatigue in patients with breas
and lung?? cancer.

The PSS, which is a self-completion questionnaire, was used in
this study to evaluate perceived stress levels. To rely on self-report
instruments alone has been demonstrated to lead to an overdiagnosis
of stress.?®

Cortisol, as the main component of the stress response, is
responsible for the fight-or-flight behavior and regulates immediate
physiological processes such as immune function, which makes it a
good indicator for studies assessing stress.?®

While the consequences of elevated cortisol levels among cancer
survivors are largely unknown, cortisol has been linked to mortality
and clinical symptoms.®?* Changes in cortisol levels may affect the
risk of cancer development and progression.?> However, data on the
influence of cortisol levels upon the QOL and prognosis of HNC
patients are scarce.

We used two methods for stress assessment in HNC patients (a
self-report scale and salivary cortisol levels) and analyzed the
relationship between these measures and patient QOL.

One study comparing QOL and stress levels in patients with

HNC was found in the literature.*> Similar studies involving patients

with breast, ovarian, prostate, lung, and colorectal cancer have also
been published.®19:2022.23.26.27

In two case-control studies comparing stress levels between
HNC patients, patients with premalignant lesions, patients at risk for
HNC (tobacco smokers and alcohol drinkers), and healthy controls, a
significant increase in salivary cortisol concentrations was found
among HNC patients when compared to patients without this
diagnosis.1123

In a longitudinal study with 60 HNC patients evaluating
anthropometric variables, nutritional status, stress, fatigue, and
functional impairment, an increase in the PSS score as well as in
serum cortisol levels was observed over time.!®> These data are
consistent with our results that HNC patients have increased
self-reported and physiological stress levels.

Published HNC studies comparing salivary cortisol levels between
groups or over time were either case-control or longitudinal studies.
This, however, was a cross-sectional study aiming to find an association
between worse QOL and increased stress levels, as indicated by both
perceived stress and salivary cortisol. Although a moderate association,
we found an association between the UW-QOL composite score and
both the PSS score and salivary cortisol levels, specifically nighttime
cortisol and mean salivary cortisol.

Our findings regarding perceived stress are in line with those
reported by Fong and Ho?® for patients with colorectal cancer, by
Ravidran et al.2? for cancer patients and survivors, and by Karvinen
et al.%° for lung cancer survivors.

As for nighttime cortisol, similar findings were reported in a study
with women diagnosed with ovarian cancer, in which nighttime
cortisol levels were positively correlated with fatigue and negatively
associated with clinical condition and performance status.?® In a
separate publication, elevated nighttime cortisol levels were reported
to be associated with worse survival rates in patients with ovarian
cancer.®!

Others have also reported statistically significant associations
between changes in cortisol levels and low QOL, showing patients
diagnosed with ovarian®? and breast'°33
levels had poor QOL.

We found nighttime cortisol and the PSS score to have accuracies

cancer with high cortisol

of 75% and 63%, respectively, in detecting low QOL, and so cortisol
was found to be a better indicator of poor QOL in our analysis.

In a study assessing nighttime cortisol as an isolated marker of
stress in breast cancer patients, an association between nighttime
cortisol, but not daytime cortisol, and a flattened diurnal cortisol
slope was found, suggesting that high nighttime cortisol concentra-
tions were responsible for a flattened diurnal cortisol slope.'? These
findings corroborate our report of a negative correlation between
nighttime salivary cortisol levels and QOL in HNC patients.

Our results suggest that nighttime cortisol may be a robust
measure of stress in patients with HNC when compared to the PSS,
as our population had low education levels and thus had difficulty
completing the PSS questions. Nighttime cortisol may therefore be a

more precise instrument since it is a biological marker.
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Our study has some limitations. First, saliva sampling took place
on a single day, and so cortisol levels might have been influenced by
unrelated stressful events that occurred at the time. Second, our
cross-sectional design renders our findings correlational, precluding
causal inferences about salivary cortisol levels and worsening QOL.
Third, this was a single-center study with a homogeneous population
in relation to socioeconomic characteristics. In addition, the instru-
ment we used to assess stress evaluates general stress and not
cancer-specific stress.

The results found are important, as they reveal that psychological
issues and stress are associated with a low QOL in individuals with
HNC. Thus, monitoring these issues should be considered, from
diagnosis to posttreatment in patients with HNC, which is necessary
for a better QOL in these individuals and an increase in survival rates.

Our findings should, therefore, encourage longitudinal studies to
elucidate the ways in which psychological and physiological changes,
such as changes in the circadian clock, specifically in nighttime
cortisol, might be associated with QOL in patients with HNC
over time.

5 | CONCLUSION

A negative correlation between QOL and stress levels, as indicated
by salivary cortisol concentrations and the PSS score, was found in
this study. Nighttime cortisol was shown to have the best diagnostic

accuracy in identifying HNC patients with the worst QOL.
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