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Abstract

Obijective: Fatigued cancer patients often have high peripheral inflammation; however, the
biological mechanisms of this association remain unclear. We examined whether decreased
sensitivity of immune cells to the anti-inflammatory effects of glucocorticoids may contribute to
inflammation and fatigue in head and neck cancer (HNC) patients during treatment.

Methods: HNC patients without distant metastasis and with curative intent (7= 77) were studied
1 week before intensity-modulated radiotherapy (IMRT) and 1 month after IMRT. At each time
point, fatigue was measured by the Multidimensional Fatigue Inventory-20 along with plasma
inflammation markers and glucocorticoid receptor (GR) sensitivity as determined by in vitro
dexamethasone suppression of lipopolysaccharide-induced interleukin 6. Linear regression models
were used.

Results: In contrast to our hypothesis, GR sensitivity increased during treatment; however,
increased fatigue was associated with a lesser increase in GR sensitivity from baseline to 1 month
after IMRT (unstandardized estimate = 4.07, p=.02). This effect was more prominent in human
papillomavirus—unrelated HNCs (unstandardized estimate = 8.22, p=.002). Lower increases in
GR sensitivity were also associated with increased inflammation at 1 month after IMRT as
represented by C-reactive protein, interleukin 6, and tumor necrosis factor a.. Addition of
inflammation markers to models of GR sensitivity predicting fatigue indicated that these
inflammation markers were stronger predictors of fatigue than GR sensitivity.

Conclusions: Lower increases in GR sensitivity during HNC treatment were significantly
predictive of increased fatigue and inflammation markers. Inflammation markers in turn predicted
fatigue above and beyond levels of GR sensitivity. Our findings indicate that HNC patients with
cancer-related fatigue may exhibit a decreased capacity for glucocorticoids to regulate
inflammatory processes, as evidenced by a lower increase in GR sensitivity. Larger studies are
necessary to verify the findings.

Keywords
fatigue; glucocorticoid receptor sensitivity; inflammation; head and neck cancer

INTRODUCTION

Fatigue is the most common and distressing symptom related to cancer and its treatment (1),
including in patients with head and neck cancer (HNC), a significantly increasing cancer
population due to human papillomavirus (HPV) infection (2). Most HNC patients are treated
with definitive radiotherapy (RT) without surgery because of the structural complexity and
functional importance of cancer sites. During RT, patients have high rates of fatigue, even
compared with other cancer patients (3,4). HNC patients receiving intensity-modulated
radiotherapy (IMRT), the most commonly used RT that targets tumors with higher doses
while avoiding normal structures, experience even higher fatigue than conventional RT (4).
In addition, combined chemotherapy with IMRT is used frequently in treating HNC, and the
combination produces even worse fatigue, likely from synergistic effects among modalities
(5). Like other cancer populations, fatigue affects negatively not only HNC patients’ quality
of life but also their survival (6). However, no Food and Drug Administration—approved
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agent can effectively manage fatigue (7). Understanding the biological mechanisms is
critical to the successful management of this debilitating symptom.

Cancer and its treatment such as RT and chemotherapy can activate nuclear factor kB (NF-
xB) (8), a key mediator of the pro-inflammatory response (9). In addition, psychological
stress associated with cancer and its treatment can trigger inflammatory responses through
activating inflammatory cytokines and their signaling pathways (10). The increase of
inflammation may place cancer patients at high risk of developing relevant behavioral
alterations (10). Evidence from our previous studies has suggested a consistent, positive
association between inflammation and fatigue (9,11). Increased peripheral inflammation
markers, such as C-reactive protein (CRP), interleukin (IL) 6, and soluble tumor necrosis
factor receptor 2 (STNFR2) are predictive of fatigue in HNC patients from before IMRT
until up to 3 months after IMRT (9,11). In addition, our data analysis of upregulated gene
transcripts as a function of IMRT and fatigue revealed overrepresentation of transcripts
related to NF-xB (12). We also found that HPV status is an important marker of
vulnerability to the behavioral and immune consequences of HNC and its treatment, with
patients with HPV-unrelated tumors exhibiting greater inflammation and fatigue than those
with HPV-related tumors (11,12). In the current study, we examined whether anti-
inflammatory responses may play a role in the association between fatigue and inflammation
in HNC patients.

Glucocorticoids play a primary role in the negative regulation of inflammation; a process
that is dependent on the glucocorticoid receptor (GR) (10). GR is normally inactivated in the
cytoplasm. Once bound to glucocorticoid, GR undergoes a conformational change and
translocates to the nucleus, where it regulates gene transcription by either binding to DNA or
interacting with other transcription factors including NF-xB, with the end result being
decreased production of inflammatory cytokines (13), However, evidence has demonstrated
that people with chronic stress experience reduced GR sensitivity (14). This reduced GR
sensitivity may lead to downregulation of anti-inflammatory responses (13,15,16). Most
studies on GR sensitivity have focused on chronic stress in healthy populations, not in
patients with cancer (16,17). Thus, we proposed this longitudinal study to fill this gap in
patients with HNC during the acute phase of IMRT £ chemotherapy. We hypothesized that
a) reduced GR sensitivity would be associated with increased fatigue over cancer treatment,
b) reduced GR sensitivity would be associated with increased inflammation markers, c)
inflammation markers would predict fatigue with GR sensitivity in the model, and d) HPV
status would play a role in the association between GR sensitivity and fatigue.

METHODS

This was a prospective, observational study of HNC patients followed 1 week before IMRT
and then at 1 month after the completion of a 6-week IMRT. The overall length of the time
between the two measurement points was approximately 3 months. Surgery occurred
approximately 1 month before IMRT and therefore before the baseline assessment. The
selection of the two measurement times was to control baseline differences and capture high
fatigue and inflammation as suggested by our previous data (9,11). The study was approved
by Emory institutional review board, and all participants provided informed consent.
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Participants and Procedures

The inclusion criteria and study procedures were similar to that presented in our previous
publications (9,11,12). Briefly, eligible patients were enrolled at the Radiation Oncology
Clinics at Emory University Hospital and Emory University Hospital at Midtown from 2013
to 2016. Inclusion criteria were as follows: histological proof of squamous cell carcinoma of
the head and neck; no distant metastasis; =21 years of age; no evidence of uncontrolled
metabolic, hematologic, cardiovascular, renal, hepatic, or neurologic disease; and being
scheduled to receive IMRT with or without chemotherapy. Exclusion criteria included the
following: simultaneous primaries, pregnant women, and patients with major psychiatric
disorders or who cannot understand English. Other exclusion criteria that might confound
the relationship between fatigue and inflammation were as follows: chronic medical
conditions involving the immune system or regular use of immunosuppressive medications.
Over-the-counter anti-inflammatory medications and antidepressants were allowed.

Patients’ electronic medical records were used to determine eligibility. Eligible, consented
patients were enrolled into the study before the start of IMRT. Demographic and clinical
variables were collected at baseline and/ or follow-up as appropriate through chart review
and standardized questionnaires. All other data, including patients-reported questionnaires
and blood samples, were collected at both before IMRT and 1 month after IMRT. Blood
samples were collected by a phlebotomist or a certificated nurse on the same day as the
questionnaires.

Social Behavioral and Clinical Measures

Demographic characteristics collected were as follows: age, sex, race (white versus
nonwhite), marital status (married versus single), smoking status (never smoker versus ever
smoker), and alcohol status (never drinker versus ever drinker). Clinical variables included
HPV status, body mass index, primary cancer site, cancer stage (TNM) (18), radiation dose,
treatment (radiation only versus radiation + surgery versus radiation + chemotherapy versus
radiation + chemotherapy + surgery), and chemotherapy regimen (cisplatin versus
carboplatin/paclitaxel versus other). These variables were chosen for their potential
influence on fatigue, based on literature reviews and our previous studies (19-22). Patient
HPV status was determined based on pathology reports of the tumor tissue before treatment.
According to current practice, p16 or HPV positive were counted as HPV related; otherwise,
they were counted as HPV unrelated (23). In addition, patients’ white blood cell count and
neutrophil-to-lymphocyte ratio (NLR) were collected for further analysis of blood cell
composition and inflammatory status.

Fatigue was measured by using the Multidimensional Fatigue Inventory (MFI)-20. The MFI
is a self-report instrument with 20 items that represents five dimensions: general fatigue,
physical fatigue, mental fatigue, reduced motivation, and reduced activity (24). Each
dimension consists of four items on a 1- to 5-point scale. The total score, ranging from 20 to
100 (higher score indicates more fatigue), is calculated as the sum of the 20 items or the five
dimensions. The MFI-20 has well-established validity and reliability (a = .84) in cancer
populations (24,25) and has been used in our published studies on HNC patients (9,11).

Psychosom Med. Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Xiao et al.

Page 5

Depressive symptoms, given the connections between fatigue and depressive symptoms,
were measured as a covariate to control in our models by using the Patient Health
Questionnaire depression scale (PHQ)-8. The PHQ-8 is a well-established valid self-
administered diagnostic and severity measure for depressive disorders and has been used in
many large clinical studies (a = .82) (26). The PHQ-8 asks the number of days in the past 2
weeks the respondent has experienced a variety of depressive symptoms. Each item is scored
from O (not at all) to 3 (nearly every day); the sum of each item is the total score (0 to 24).
Higher scores indicate more severe depressive symptoms.

Laboratory Measures

Sensitivity of GR Function—Whole blood drawn into heparinized tubes was subjected
to procedures similar to those described by DeRijk et al. (27) and adapted by Miller et al.
(28). Equal portions of whole blood diluted 10:1 with sterile saline weres incubated with
lipopolysaccharide (derived from Escherichia coli 055:B5; Difco, Augsburg, Germany; final
concentration 30 ng/ml) along with increasing concentrations of dexamethasone (Sigma,
Deisenhofen, Germany; 102 — 107> M) for 6 hours at 37°C in 5% CO,. Supernatants were
separated by centrifugation at 2000g for 10 minutes at 4°C, and then aliquoted into
siliconized polypropylene tubes and stored at —80°C until assay for IL6 using enzyme-linked
immunosorbent assay (R&D Systems, Minneapolis, MN). GR sensitivity of peripheral blood
immune cells was calculated as described in statistical analysis.

Inflammation Markers—Whole blood was collected into chilled EDTA tubes for the
isolation of plasma. Plasma were separated by centrifugation at 1000g for 10 minutes at 4°C,
and then aliquoted into siliconized polypropylene tubes and stored at —80°C until batched
assay for inflammation biomarkers. Plasma concentrations of IL1 receptor antagonist
(IL1ra), IL1B, IL6, IL6 soluble receptor (IL6sr), IL10, tumor necrosis factor a (TNFa.),
STNFR2, and monocyte chemoattractant protein 1 (MCP1) were determined in duplicate
using Magnetic Luminex Screening Assay (R&D Systems) (29,30). CRP was measured
using a standard turbidimetric assay (9). Mean intra-assay and interassay coefficients of
variation were reliably less than 10%, and all samples were run as duplicates. These
inflammation markers were selected because of their associations with cancer-related fatigue
in our studies and others (9,10,20,31-33).

Statistical Analyses

Area under the curve (AUC) was computed for GR sensitivity (14,34,35). For this analysis,
each participant’s AUC was calculated using the trapezoidal method from the geometric
shape created by the five IL6 data points from the five dexamethasone concentrations (1079
1075). We standardized the AUCs by calculating individual percentages: each participant’s
AUC was divided by the total possible area of that participant’s geometric shape from the
five dexamethasone concentrations using the highest and lowest I1L6 as the boundary. This
standardization process reduces variability and random error by using absolute values of
AUC and can make each AUC calculation specific to the patients’ individual response to
LPS over the different concentrations of dexamethasone (see supplemental methods,
Supplemental Digital Content http://links.lww.com/PSYMED/A627, for additional
information). The end result was individual GR AUC percentages, in which a lower
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percentage means a participant’s GR is more sensitive to dexamethasone and a higher AUC
percentage means decreased dexamethasone sensitivity.

Descriptive statistics (mean, standard deviation, N, percentage) were used to describe the
sample population. We compared the average fatigue and GR sensitivity at baseline to the
patients’ levels at 1 month after IMRT using paired #tests.

For the primary analysis, we used linear regression to model the relationship between
patient-reported fatigue and change in GR sensitivity across the two time points. Fatigue at 1
month after RT was regressed onto the change in GR sensitivity while adjusting for fatigue
at baseline. The resulting estimate is residualized change in a patient’s reported fatigue
score, interpreted as the ability of GR sensitivity to predict a patient’s post-treatment fatigue
score independent of that patient’s pretreatment fatigue score. The defined units for GR
sensitivity are a 10% increase in the AUC percentage. In addition to baseline fatigue, the
model adjusted for age, sex, race, body mass index, HPV status, smoking status, alcohol
consumption status, marital status, and chemotherapy regimen.

Our recent publication demonstrated a significant impact of HPV on the association between
inflammation and fatigue: patients with HPV-positive tumors had significantly lower fatigue
than those with HPV-negative tumors before IMRT, whereas their fatigue levels increased
significantly to the similar levels as those with HPV-negative tumors at 1 month after IMRT
(11). Thus, we additionally examined GR sensitivity with fatigue stratified on HPV status
using the similar regression model as in our primary analysis.

Regression analyses were also used to examine the association between the change in GR
sensitivity over time and inflammation markers at 1 month after treatment controlling for
baseline values as well as the covariates indicated above.

We further considered if inflammation markers predicted fatigue with GR sensitivity in the
model. In these analyses, we added log-transformed inflammation markers separately (CRP,
IL1B, IL6, 1L10, IL1ra, IL6sSr, MCP1, TNFR2, and TNFa) along with GR sensitivity to the
primary model and report the association of these variables with fatigue controlling for the
covariates indicated previously.

All statistical tests had a significance threshold of <0.05, and all analyses were conducted
using SAS version 9.4 (SAS Institute, Inc., Cary, North Carolina).

RESULTS

Selected demographics and clinical characteristics are shown in Table 1. The sampled
population was approximately 59 years old, most were male (71%), and most were white
(83%). Sixty-one percent of the sample population had previously smoked, and half had
previously consumed alcohol. Seventy-eight percent of the diagnosed cancers were stage V.
Overall, 56% were in the oropharynx and 52% were HPV-related tumors. Eighty-four
percent received concurrent chemoradiotherapy with (19%) or without surgery (65%).
Among the patients receiving chemotherapy, 66% had cisplatin. Chemotherapy drug was the
only variable that had significant effects on different fatigue levels: patients receiving
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cisplatin reported significantly lower fatigue levels at 1 month after IMRT compared with
those who had carboplatin/paclitaxel. In addition, we examined whether patients with
different HPV status were different by demographic and clinical variables. Patients with
HPV-related tumors were significantly more likely to be male (p=.001), have no history of
tobacco use (p < .001), be diagnosed with oropharyngeal cancer (p < .001), receive
concurrent chemoradiotherapy (p = .008), and receive higher dose of RT (p=.009). Table S1
(Supplemental Digital Content http://links.lww.com/PSYMED/A627) describes correlation
coefficients among fatigue, GR sensitivity, and inflammation markers in the sample as a
whole at baseline and 1 month after IMRT.

At 1 month after IMRT, the patients reported statistically higher levels of fatigue compared
with baseline (Table 2). In contrast to our hypothesis, between baseline and 1 month after
IMRT, GR sensitivity significantly increased (Table 2). Further analyses separating patients
whose fatigue increased with those whose fatigue decreased showed that the increased
sensitivity of GR was more likely to occur for patients whose fatigue decreased over time
(Table 2). Moreover, lesser increases in GR sensitivity from baseline to 1 month after IMRT
were significantly associated with fatigue at 1 month after IMRT after controlling for
baseline fatigue and other covariates (unstandardized estimate of GR sensitivity = 4.07; 95%
confidence interval [CI] = 0.60-7.53; Table 3 and Figure 1). Sensitivity analyses showed that
the association between lesser changes in GR sensitivity and increased fatigue remained
significant after controlling for depressive symptoms, antidepressants, anti-inflammatory
medicines, presence of a feeding tube, and time of blood drawn. Stratifying by HPV status,
we further found that among patients with HPV-related tumors, the change in GR sensitivity
was not significantly associated with the change in fatigue after controlling for covariates
(unstandardized estimate = —0.56; 95% CI = —5.00-3.89). However, among patients with
HPV-unrelated tumors, lower GR sensitivity changes were associated with increased fatigue
(unstandardized estimate = 8.22, 95% CI = 2.91-13.53).

Given the potential impact of NLR as another marker of inflammation (8), we did sensitivity
analyses by adding NLR into our primary model using available data and found that NLR
was not a significant predictor of fatigue and GR sensitivity remained significant in the same
model. Similarly, because of the potential impact of cellular composition of the whole blood
for the GR sensitivity assay (36), we controlled cellular composition in our model. Increased
white blood cell count (unstandardized estimate = 0.0016; p = .003) and neutrophil count
(unstandardized estimate = 1.8799; p=.004) over time were significantly predictive of
increased fatigue, and the association of GR sensitivity and fatigue was not significant.
However, further subgroup analyses of HPV-unrelated patients still showed significantly
predictive effects of GR sensitivity on fatigue even with white blood cell count or neutrophil
count in the model. Sensitivity analyses of adding other cell types including lymphocytes,
monocytes, eosinophils, and basophils did not show significant impact on the results.

To examine whether the change in GR sensitivity was associated with increased
inflammation at 1 month, we further conducted regression analyses of the change in GR
sensitivity and inflammation markers at 1 month controlling for baseline values. The results
showed that lesser increases in GR sensitivity over time were significantly associated with
increased inflammation at 1 month after IMRT as representative by inflammation markers of
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CRP, IL6, IL10, and TNFa adjusting for covariates (Table 4). Similarly, sensitivity analyses
of adding NLR or white blood cell count were conducted, and the associations between GR
sensitivity and the four inflammation markers remained significant.

We then explored whether inflammation markers predicted fatigue with GR sensitivity in the
model. IL6 (unstandardized estimate = 2.93; p=.031) and STNFR2 (unstandardized
estimate = 6.81; p=.022) were statistically significantly associated with fatigue along with a
statistically significant GR sensitivity estimate in the models (model with IL6: GR
unstandardized estimate = 3.71; p=.036; model with STNFR2: GR unstandardized estimate
=4.27; p=.012). In the models with IL1ra, CRP, TNFa, and IL10, the estimates of GR to
fatigue reduced more than 20% and were no longer significant. Sensitivity analyses using
mediation models showed a similar proportion of reduction in the estimate of GR to fatigue;
however, the mediating effects of inflammation markers were not statistically significant.

DISCUSSION

This study examined the longitudinal association between GR sensitivity and cancer-related
fatigue. In contrast to our hypothesis that GR sensitivity would decrease during IMRT, GR
sensitivity increased in the sample as a whole during treatment. Moreover, the increased GR
sensitivity was greater in patients with decreased fatigue over time. Furthermore, lesser
increases in GR sensitivity over the treatment were significantly predictive of increased
fatigue and were associated with increased inflammation markers at 1 month after IMRT.
Interestingly, this effect was more prominent in patients with HPV-unrelated HNCs. In
addition, inflammation markers were more strongly predictive of fatigue than GR sensitivity,
suggesting a mediating effect of inflammation on the relationship between GR sensitivity
and fatigue.

In this study, we observed that treatment of HNC was associated with a significant increase
in GR sensitivity; however, this increase was more likely to occur in patients with decreased
fatigue over time. The increase in GR sensitivity in the sample as a whole across cancer
treatment is consistent with other instances of increased GR sensitivity found after acute
stress and traumatic exposures such as during PTSD (37,38) and may represent an adaptive
response to the trauma of treatment. After we separated patients into an increased fatigue
group and a decreased fatigue group over time, we noticed that the GR sensitivity in patients
with decreased fatigue was significantly greater, whereas the change in the GR sensitivity in
patients with increased fatigue did not significantly change. The findings from this subgroup
analyses echoed our major finding of this study: those individuals who exhibited lesser
increases in GR sensitivity experienced higher levels of fatigue and plasma concentrations of
inflammation markers after treatment. Glucocorticoids are key regulators of the anti-
inflammatory response, and the function of glucocorticoids relies on the sensitivity of their
receptors. Previous studies have shown that decreased GR sensitivity is often seen in
conditions with chronic stress, such as caregivers (16,17,39). In cancer populations, we are
aware of no studies that have examined the association between GR sensitivity and fatigue
over time during treatment. However, decreased GR signaling was found in gene expression
profile in a cross-sectional study of fatigued versus non-fatigued breast cancer survivor (19).
Nevertheless, without longitudinal data, it cannot be determined whether changes in GR
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sensitivity were present in these populations, and the effects of cancer treatment on GR
sensitivity warrant further investigation.

Our data indicate that the predictive effect of GR sensitivity on fatigue is more driven by the
group of patients with HPV-unrelated tumors. Our published work suggests that patients
with HPV-unrelated HNCs seem to have consistently higher levels of fatigue and
inflammation from before IMRT up to 3 months after IMRT, whereas patients with HPV-
related HNCs tend to have lower fatigue and inflammation before and 3 month after IMRT
(11). Given the association between chronic stress and glucocorticoid resistance (17,39), it is
possible that the consistently higher level of inflammation may be linked to lower relative
GR sensitivity in the HPV-unrelated group. Our subsequent analyses also indicated that
patients with HPV-unrelated tumors tended to have decreased GR sensitivity at both before
the 1 month after IMRT compared with those with HPV-related tumors, but the differences
were not statistically significant. A larger study may reveal significant results for this
comparison.

Our sensitivity analyses adding cell composition to our models did not show an impact of
NLR on the association between GR sensitivity and fatigue but did show an impact of white
blood cell count and neutrophil count on the association. Adding white blood cell or
neutrophil changes over time into the model significantly reduced the predictive effect of GR
sensitivity on fatigue. These findings are consistent with published evidence that white blood
cells are an important index for inflammation (40) and neutrophils are the most abundant
type of white blood cell. However, this effect was attenuated in patients with HPV-unrelated
tumors. In patients with HPV-unrelated tumors, although increased white blood cells and
neutrophils over time were still significantly predictive of high fatigue, the association
between GR sensitivity and fatigue remained. These findings further suggest a stronger drive
for the association between GR sensitivity and fatigue in the HPV-unrelated patients than in
the HPV-related patients, supporting our previous findings of a stronger predicative effect of
inflammation on fatigue for the HPV-unrelated group than the HPV-related group (11).
Nevertheless, larger studies are needed to verify the findings.

Our findings also suggest that this lesser change in glucocorticoid sensitivity was associated
with increased inflammation. The etiology of this lesser change in glucocorticoid sensitivity
is not well understood and is likely linked to multiple factors. However, increasing evidence
has shown that inflammation itself may also contribute to reduced GR function. For
instance, IL1, IL2, IL6, and TNFa have been shown to inhibit GR function at multiple
levels, including GR translocation from cytoplasm to nucleus and GR-DNA binding (41—
46). In addition, NF-xB, as mentioned previously, a key mediator for proinflammatory
response, can directly interact with GR in the nucleus through protein-protein interactions,
which lead to the repression of GR function (47). NF-xB may also suppress GR indirectly
by competing for mutually required transcriptional cofactors for both NF-xB and GR in a
limiting cellular pool (48). Our published study also indicated upregulated NF-xB signaling
pathways in our gene expression data (9). Taken together, the findings from our study
support the hypothesis that increased inflammation markers, including CRP, IL6, and TNFa,
may contribute to the lesser increase in GR sensitivity in patients with fatigue.
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Our previous work has demonstrated a consistent association between increased
inflammation and fatigue (9,12). Given the significant association between GR sensitivity
and fatigue, and between GR sensitivity and inflammation markers in this study, we would
like to know whether inflammation markers would be still predictive of fatigue with GR
sensitivity in the model. Our results showed that in the models with IL6 or STNFR2, both the
inflammation markers and GR sensitivity were significant predictors of fatigue. However,
other inflammation markers decreased the estimates of GR sensitivity to fatigue with a more
than 20% reduction. Although our sensitivity analyses of testing whether inflammation
markers mediated the association between GR sensitivity and fatigue did not show
statistically significant effects, adding that inflammation markers into the models did reduce
GR sensitivity’s predictive effect on fatigue. These findings indicate that inflammation
markers might be a stronger predictor of fatigue than GR sensitivity, but larger studies are
needed for a formal test of mediation effects.

Limitations of the study include relatively small sample sizes in both HPV-related and HPV-
unrelated groups and predominantly white male that may bias the results. In addition, blood
samples were not drawn at the same time of day for all participants, which may add the
potential of circadian influences on the data. However, we included the time of blood drawn
in the regression model for sensitivity analysis, and the time of blood drawn was not a
significant predictor in the models, and results did not change significantly. Larger studies
with longer follow-up are warranted to further verify the results.

CONCLUSIONS

This study used a longitudinal design to explore the association among GR sensitivity,
inflammation, and fatigue in a cancer population. In contrast to our hypothesis, we observed
increased GR sensitivity during treatment. However, this increase was more likely to occur
for patients with decreased fatigue over time. Furthermore, fatigue was associated with a
lower increase in GR sensitivity; these associations were more prominent in patients with
HPV-unrelated HNCs. Our findings also suggest that this lesser increase in GR sensitivity,
possibly representing some level of relative reduced GR sensitivity, was also associated with
higher inflammation. The findings extend and explain our previous understanding of the
association between cancer-related fatigue and inflammation. The information may also help
to elucidate that inflammation could be a risk factor for cancer-related fatigue and HPV
status may also play a role in predicting inflammation and fatigue. Future studies may
benefit from investigating whether different chemotherapeutic drugs may have different
influences on the association between fatigue and GR sensitivity. Given the direct
connection between GR and glucocorticoids, studies examining the change in patterns of
glucocorticoid secretion and GR sensitivity during cancer treatment and its association with
fatigue and inflammation are also necessary.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

The association between GR sensitivity changes over time and fatigue at 1 month after
IMRT. Decreased GR sensitivity over time as indicated by increased delta GR AUC is
associated with increased fatigue. GR = glucocorticoid receptor; IMRT = intensive
modulated radiation therapy; AUC = area under the curve.
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