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Abstract

This pilot study examined whether a combined aerobic resistance exercise program reduced 

fatigue and the potential inflammatory and epigenetic mechanisms in patients with head and neck 

cancer (HNC) receiving intensity-modulated radiotherapy. The exercise group (N=12) received a 

3-month supervised aerobic resistance exercise intervention that was initiated before a 6-week 

radiotherapy regimen; the control group (N=14) received standard care. Fatigue was measured 

using Multidimensional Fatigue Inventory-20; physical function measures included a 6-minute 

walk distance (6MWD), chair stands, bicep curls, and hand grip strength. Inflammatory markers 

and DNA methylation data were acquired using standardized protocol. Patients were mostly white 
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(93%) and male (81%) with a mean age of 57 years. At the end of the intervention, the exercise 

group had a marginal decrease in fatigue compared with the control (−5.0 vs. 4.9; P = 0.10). The 

exercise group had a significantly greater improvement in 6MWD (29.8 vs. −55.5 meters; P = 

0.04), and a marginally smaller decline in hand grip (−0.3 vs. −5.8 lbs; P = 0.05) at the end of the 

intervention than the control. No significant difference in inflammatory markers was observed 

between groups. Lower plasma interleukin (IL) 6, IL1 receptor antagonist, tumor necrosis factor α 
(TNFα), soluble TNF receptor II and C-reactive protein were significantly associated with 

increased 6MWD, chair stand, and bicep curl at the end of the intervention (p<0.05). Among the 

1,152 differentially methylated sites (DMS) after intervention (p<0.001), 163 DMS were located 

in gene promoter regions. Enrichment analysis suggested that the top 10 upstream regulators were 

associated with tumor (HNF4A, RPP38, HOXA9, SAHM1, CDK7, NDN, RPS15) and 

inflammation (IRF7, CRKL, ONECUT1). The top 5 diseases or functions annotations of the 62 

hypermethylated DMS indicated anti-tumor and anti-inflammatory effects that might be linked to 

exercise. These findings suggest that exercise may improve physical performance and reduce 

fatigue, which could be further linked to decreased inflammation, during active radiotherapy for 

HNC patients. Larger studies are warranted.
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Introduction

Head and neck cancers (HNC) are the 6th most common cancers worldwide.1 A continuous 

rise in the incidence of HNCs, due to the increased incidence of human papillomavirus 

(HPV) infection, has been noted in the past decade, and there were more than 65,410 new 

estimated HNC cases in 2019 in the US alone.2 Fatigue, the most common and distressing 

cancer symptom,3–5 is a prognostic indicator for poor tumor response6 and lower survival7–9 

rates among patients with HNC.7–9 HNC patients typically receiving intensity-modulated 

radiotherapy (IMRT) experience greater fatigue than conventional-radiotherapy (RT).10,11 

Combined chemotherapy with IMRT produces even more severe fatigue, likely from the 

synergistic effects of multimodality treatment.12,13 Given its high prevalence and adverse 

effects, reducing fatigue will improve quality of life for patients with HNC.

Since no reliable or evidenced-based pharmacological interventions currently exist.14,15 the 

National Comprehensive Cancer Network (NCCN) has recommended exercise for managing 

cancer-related fatigue, Although there is robust evidence of the beneficial effect of exercise 

on fatigue across many cancer sites,16,17 data on patients with HNC are limited.18,19 Two 

pilot intervention studies that have evaluated either aerobic or resistance exercise during 

active treatment have demonstrated their safety and potential for improving physical 

function and lowering fatigue within 4–12 weeks.18,19 More recently, a randomized aerobic 

resistance exercise study for 148 patients with HNC reported a significant decrease in 

fatigue for the exercise group.20 However, the underlying mechanisms responsible for the 

beneficial effects have yet to be identified. Preliminary but inconclusive evidence suggests 

that inflammation may play a key role linking exercise with fatigue and cancer survival.21–26 
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Additionally, given the reversible process of epigenetic regulation (e.g., DNA methylation), 

these non-DNA sequence changes may be the underlying mechanisms of the positive 

exercise effects observed in this population.27–30 Thus, we proposed this pilot study to 

evaluate the effects of a combined exercise approach on fatigue in patients with HNC 

undergoing active treatment and, more importantly, the potential inflammatory and 

epigenetic changes related to exercise and its effect on fatigue.

Method

Study design

This was a pilot study with patients assigned to a 12-week combined aerobic resistance 

exercise or a control program. All patients were enrolled before a 6-week IMRT and the 

study continued for an additional 6 to 7 weeks after cancer treatment completion. Surgery 

usually occurred one month before the IMRT. Twenty-six patients were in the study using 

sequential sampling: initial patients were enrolled into the control group (n=14), and the 

next 12 patients were in the exercise group.

Participants

Patients were recruited at the Winship Cancer Institute Radiation Oncology Clinics of 

Emory Healthcare. The major inclusion criteria were: histological proof of squamous cell 

carcinoma of the head and neck regions; any clinical stage with no distant metastasis; 

currently not exercising more than 150-minutes per week; Body Mass Index (BMI) <40, ≥ 

21 years of age; no major organ disease; and being scheduled to receive IMRT. The primary 

exclusion criteria were simultaneous primaries; previous invasive malignancies; pregnant 

women; patients with major psychiatric disorders according to medical records or those who 

did not understand English; and those with physical limitations that would prohibit exercise 

participation. Other exclusion criteria that might confound the relationship between fatigue 

and inflammation were chronic medical conditions involving the immune system (e.g., HIV, 

hepatitis B or C) and regular use of immunosuppressive medications. The study was 

approved by the Emory University Institutional Review Board and all participants signed a 

written informed consent prior to enrollment.

Measurement

Symptom and Social Behavioral Measures

Demographic and clinical variables—were collected at baseline and/or follow up as 

appropriate through administration of standardized patient reported questionnaires or 

standardized abstraction forms for medical chart review. Variables included age, sex, race, 

marital status, smoking status, alcohol status, body mass index (BMI), HPV status, primary 

cancer site, cancer stage (TNM), radiation dose, and chemotherapy regimen. These variables 

were chosen for their potential influence on fatigue.31–36 HPV status was defined as either 

HPV or p16 positive per chart review.

Fatigue—was measured using the Multidimensional Fatigue Inventory (MFI)-20. The MFI 

is a 20-item self-report instrument that covers five dimensions: general fatigue, physical 
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fatigue, mental fatigue, reduced motivation, and reduced activity.37 The total score, ranging 

from 20 to 100 (higher score indicates more fatigue) is calculated as the sum of the five 

dimensions, and each dimension is the sum of the four items. MFI-20 has well-established 

validity and reliability (α=0.84) in use with patients with cancer receiving RT.37,38 

Additionally, fatigue was measured in a weekly basis using the Visual Analog Fatigue Scale 

ranging from 0 to 10 recommended by the NCCN cancer-related fatigue guideline for 

exercise monitoring, with 0 indicating no fatigue, 1–3 representing mild fatigue, 4–6 

meaning moderate fatigue, and 7–10 being severe fatigue.39

Muscle and Physical Function

Six Minute Walk Test (6MWT)—is a simple, well-validated test that has been used 

extensively as a measure of submaximal functional capacity for participants including HNC.
40 Participants were instructed to walk along a flat 100 foot hallway for 6 minutes, and the 

distance walked (meters) was recorded.41 An improvement of 35–42 meters has been 

previously reported as a significant change in studies examining a walking intervention in 

HNC undergoing concurrent chemoradiotherapy.42,43

30 second Chair Stand Test—is a simple, well-validated, and reliable method to 

quantify lower extremity muscle strength and endurance for participants including cancer 

patients.44,45 Participants were asked to sit in a standardized chair and asked to rise from a 

sitting to standing position as many times as they could during 30 seconds.

Hand Grip Strength—test evaluates overall strength using a dynamometer (Jamar, 

Bolingbrook, Illinois) and a standardized protocol for both hands. Three measures were 

taken for each hand and the average pounds used for grip strength.46,47

30 second maximal arm curl test—was measured by lifting a 3 kg and 4 kg dumbbell 

for women and men, respectively, to assess arm strength. Participants sat in a straight back 

chair and were asked to perform as many arm curls as possible in 30 seconds. In addition, 

maximal muscle strength has been associated with the 30 second arm curl performance and 

30 second chair rise in persons with HNC.48

Laboratory Measures

Whole blood was collected in ethylenediaminetetraacetic acid (EDTA) tubes for the isolation 

of plasma and buffy coat. Whole blood was separated into plasma and buffy coat by 

centrifugation at 1000 × g for 10 minutes at 4°C, and then plasma and buffy coat were 

aliquoted into siliconized polypropylene tubes and stored at −80°C until batched assays for 

inflammatory biomarkers and DNA extraction, respectively.

Inflammatory Biomarkers: Plasma concentrations of C-reactive protein (CRP), 

interleukin 1 receptor antagonist (IL1ra), IL6, IL10, tumor necrosis factor α (TNFα), 

soluble TNF receptor 2 (sTNFR2), monocyte chemoattractant protein 1 (MCP1) were 

determined in duplicate using multiplex assays (Meso Scale Discovery, Rockville, MD). 

Supplemental Table 1 displays the coefficient of variation and detection limits of 

inflammatory markers. All cytokines and their receptors as well as CRP have been reliably 
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found to be elevated in association with cancer-related fatigue by our studies and others.
32,49–52

Genome-wide DNA Methylation: DNA was extracted from buffy coat using 

standardized protocol (QIAamp DNA Blood Mini Kit: Qiagen). DNA quantification was 

determined using the Quant-iT dsDNA broad range assay kit (ThermoFisher). DNA of 

greater concentration than 20μg/ml were used for methylation analysis using 

MethylationEPIC BeadChip (Illumina) at the Emory Integrated Genomics Core.

Intervention

Aerobic exercise

A home-based program was used with participants instructed to walk 5 times per-week for a 

minimum of 30 minutes per-day at moderate intensity for 12 weeks. This protocol was based 

on current exercise recommendations for cancer.53,54 Participants were instructed on Borg’s 

Rate of Perceived Exertion between 12–13, a reliable and validated measure for determining 

exercise intensity.55 A multi-sensory wristband (Fitbit Charge 2™) was provided to 

participants to monitor their steps with a goal of increasing steps each week by 5% if fatigue 

level was stable. If fatigue levels were increasing, participants were asked to walk the same 

number of steps as the previous week if possible. The Fitbit data were synchronized using 

the Fitabase analytics system (Small Steps Labs, San Diego, CA, USA) to enable our team 

to remotely monitor steps and give feedback on their walking progress during weekly clinic 

visits or by telephone.

Progressive Resistance Training

Participants were instructed to perform the resistance exercises using color bands 2 times per 

week, but not on consecutive days to avoid muscle fatigue and soreness.54,56,57 Resistance 

training targeted major upper and lower body muscle groups: wall push-ups, standing row, 

chest press, horizontal fly biceps curl, hip abduction, hip diagonal, leg press, heel raises and 

wall squats. If there were prior injuries or limitations in any muscle group, alternative 

resistance exercises were performed to ensure safety. The resistance levels were increased 

from light (5–10 lbs) to low moderate (15–20 lbs) when the participant could perform 2 sets 

at current band level with Borg’s Rate of Perceived Exertion between 12–13, indicating 

moderate exertion. Participants spent 20–30 minutes initially that could be increased to 45 to 

60 minutes. Each week a member of the research team met with each participant to review 

exercises and to determine progress recorded on their resistance exercise logs.

Control

Participants in the control group received standard care and were not provided any specific 

exercise goals and instruction. To test feasibility of an attention control, the last 5 

participants enrolled into the control group received instruction on stretching and flexibility 

and advised to return to pre-treatment exercise level after the completion of cancer 

treatment. These five participants in the control group were also provided a Fitbit Charge 2.
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Adherence monitoring

Participants with a Fitbit were asked to wear the Fitbit on all days during the study period 

and to synchronize their device at least twice per week for the research team to remotely 

monitor steps. An exercise log was provided for participants in the intervention group to 

document the resistance exercises performed, number of sets and repetitions, band color 

used for that session during the exercise.

Data analysis

Descriptive statistics were performed for all measures prior to analysis. Baseline group 

differences were tested using non-parametric Wilcoxon Mann Whitney U test, Fisher’s exact 

test, or Fisher’s Freeman-Halton test. Nonparametric Wilcoxon Mann Whitney U tests were 

used for the outcome differences between groups and between time points. Additionally, we 

performed a mixed model repeated-measures analysis with maximum-likelihood estimation 

to examine intervention effects by assessing differences in mean changes in fatigue and 

physical function at the 3-month follow-up visit between the exercise and control groups. 

Spearman correlation analysis was used to examine the association among fatigue, physical 

function, and inflammatory markers. Inflammatory markers were log transformed for data 

analysis.

The DNA methylation data were preprocessed and normalized using minfi R package.58 

Quality control was conducted through getQC function with default parameters to identify 

samples with abnormal signals.

Normalization was performed using functional normalization incorporating sex information. 

Probe loci with SNPs were removed. In order to examine the differentially methylated sites 

(DMS) between exercise and control groups over time, we used limma R package,59 which 

uses linear models with the Empirical Bayes Moderated test for group difference.60 In the 

linear mixed effects model, the methylation level of each probe at each time was the 

response with the intervention group (exercise vs. control), time and their interaction as 

fixed effects and subject as a random effect term. Given the sample size and pilot 

exploratory nature, p value < 0.001 was used to select top DMS between the two groups over 

time. Ingenuity Pathway Analysis (IPA) package was used for enrichment analysis of related 

genes.

Results

Baseline characteristics

The two groups were well-balanced for baseline demographic and clinical characteristics 

(see Table 1). The mean age of patients was 57±11 years (median: 55; range: 44), and the 

majority were male (81%), Caucasian (92%) and married (73%). Fifty-eight percent had a 

history of drinking, and 61% were smokers or had a history of smoking. Clinically, most 

patients were in an advanced stage of cancer (84% stage III or IV); 50% were HPV or p16 

positive; approximately half were oropharyngeal cancer (54%); and half received 

chemotherapy (54%). Among patients receiving chemotherapy, 9 had cisplatin, and 4 had 

carboplatin/paclitaxel or others. The only statistically significant difference between the 
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exercise group and the control group was the radiation dose: patients in the exercise group 

received relative higher dose than the control, 68±3 vs. 64±5, respectively (p=0.02). There 

was no difference in fatigue levels between the two groups at baseline, 45±15 vs. 50±15, for 

the exercise and the control respectively (p=0.33). Similarly, no significant differences were 

noticed between the two groups by physical function tests at baseline. For patients in the 

control group, no significant differences in demographic/clinical variables, fatigue, and 

inflammation were observed at baseline and the end of the intervention between those 

enrolled earlier into standard care and those enrolled later into the attention control.

Fatigue and physical function changes between the two groups

Table 2 provides the comparison of the mean changes in fatigue (MFI total) at the end of the 

intervention by the two groups. By the end of the 3-month intervention, the exercise group 

had a marginal decrease in fatigue score compared with the control group (−5.0 vs. 4.9; P = 

0.10). We also used generalized estimating equations (GEE) model to explore whether the 

MFI fatigue total score and subscale scores would be different by the two groups with time, 

group, and the interaction term between time and group as predictors. Using the GEE model, 

fatigue total score (p=0.041), and subscales of physical fatigue (p=0.030) and reduced 

motivation (p=0.036) were significantly lower in the exercise group than the control group 

over time. Further Mann-Whitney U test showed that physical fatigue of MFI was 

significantly lower in the exercise group compared to the control group (9.25 ± 4.09 vs. 

12.43 ± 3.63; p=0.036) at the end of intervention, while the fatigue total score and the 

reduced motivation were marginally significantly lower in the exercise group then the 

control group (p=0.053, p=0.060, respectively).

Table 2 also provides the comparison of the mean changes in physical function scores at the 

end of the intervention by the two groups. Since physical function tests were added later into 

the study, only a subset of the control group had the physical function tests. At the end of the 

3-month intervention, the exercise group had a significantly greater improvement in 6-

minute-walk-distance (29.8 vs. −55.5 meters; p = 0.04) compared to the control group.

Furthermore, the exercise group had a marginally smaller decline in hand grip strength (−0.3 

vs. −5.8 lbs; p = 0.05) at the end of intervention compared to the control group. Other 

physical function tests, including chair stand and maximal arm curl, did not show statistical 

significances between the two groups.

Inflammation and its association with fatigue and physical function

Despite that we did not observe significant differences in inflammatory markers between the 

two groups, we did find significant associations between inflammatory markers and fatigue 

as well as most of the physical function tests. CRP was significantly higher in fatigued 

patients (r=0.468, p=0.021; see Table 3 and Figure 1A). Among the subscales of MFI, higher 

physical fatigue was significantly associated with higher CRP (r=0.521, p=0.009) and TNFα 
(r=0.472, p=0.020); and higher reduced activity was significantly associated with higher 

CRP (r=0.417, p=0.043). For the physical function tests, lower CRP, IL6, IL1ra, TNFα, and 

sTNFRII were significantly associated with increased 6MWD, chair stand, and bicep curl 

tests at the end of the intervention (p<0.05; see Table 3 and Figure 1B-E). Given the small 
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sample size and no difference in inflammatory markers between the two groups, the 

correlation analysis combined patients from both groups.

DNA methylation change during the interventional period

DNA methylation changes were explored in our study. After quality control, there are 

835,424 methylation sites; among them, we found 1,152 DMS after intervention (p<0.001; 

see Figure 2). Since different methylation patterns in gene promoters are important for the 

regulation of gene expression,61 we examined methylation patterns at the promoter regions. 

Among the 1,152 DMS, 163 DMS were located at the promoter regions; enrichment analysis 

suggested that the top 10 upstream regulators were linked to tumor: Hepatocyte Nuclear 

Factor 4 Alpha (HNF4A), Ribonuclease P/MRP Subunit P38 (RPP38), Homeobox A9 

(HOXA9), stapled αhelical peptide derived from Maml1 (SAHM1), Cyclin-dependent 

kinase 7 (CDK7), Necdin (NDN), and Ribosomal Protein S15 (RPS15), and inflammation: 

Interferon regulatory factor 7 (IRF7), CRK Like (CRKL), and One Cut Homeobox 1 

(ONECUT1; see supplemental Table 2). Further analysis on the 62 hypermethylated DMS 

showed that apoptosis of CD4+ T-lymphocytes (p= 5.13E-05), activation of vascular 

endothelial tissue (p= 2.95E-04), loss of telomeres (p= 3.68E-04), and cell proliferation of 

lymphoma cell lines (p=6.28E-04) were among the top 5 diseases and functions annotations.

Aerobic and resistance exercise adherence

The average number of steps at week 1 was 2689 ± 1122 in the controls and 4952 ± 2490 

among the intervention group (p=0.104; Figure 3A). The steps in the exercise group 

increased in week 2 and was significantly higher than the control group in week 2, week 9, 

week 10 (p=0.037, 0.009, 0.036, respectively). At the end of cancer treatment (week 6), the 

average steps in the exercise group decreased to 4206 ± 2605 from-week 5 of 5567 ± 3132, 

while the control had a continuous drop during the 6 weeks of cancer treatment. The 

changes in weekly step data (Figure 3A) were relatively consistent with the changes in 

weekly fatigue data (measured by using Visual Analog Fatigue Scale; Figure 3B) for both 

groups: more steps were associated with lower fatigue (GEE model on weekly fatigue with 

week, group, and steps/week as predictors: beta for steps/week=−7.772E-5, p<0.001). For 

the resistance exercise, approximately 70% of patients (n=8) completed at least once/week 

of progressive resistance training, and no statistically significant differences in fatigue and 

physical function tests were observed between patients completed at least once/week than 

the others. Among them, patients did twice/week in 40% weeks and did once/week in 22% 

weeks of the 12-week intervention.

Discussion

This study is among the first to evaluate the biological mechanisms of a combined aerobic 

resistance exercise program on fatigue for patients with HNC. Although this pilot study was 

not powered to detect group differences, we did find a trend of reduced fatigue levels and a 

significant improvement in physical function such as 6MWD in the exercise group, 

compared to the control group. Additionally, a consistent association between decreased 

physical function and increased inflammation was observed. The DNA methylation results 
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further suggested that exercise may be linked to the methylation changes involved in tumor 

growth and inflammation.

Evidence of the effect of exercise on cancer-related fatigue is sparse for patients with HNC, 

particularly those undergoing active treatment. We found a trend of decreased fatigue 

measured by using the MFI, particularly in the physical fatigue subscale, and a significant 

increase in 6MWD and no significant side effects occurred. Additionally, more steps/week 

was also associated with lower fatigue measured using Visual Analog Fatigue Scale. These 

findings are consistent with current evidence. For instance, two pilot studies using either 

aerobic or resistance exercise have shown positive results on cancer-related fatigue in HNC.
18,19 Consistent with our findings, a recent randomized trial using a combined approach of 

aerobic resistance exercise in HNC patients also showed a significant beneficial effect on 

fatigue and physical function,20 suggesting that exercise programs in patients with HNCs are 

feasible and potentially beneficial.

Our findings demonstrated a consistent and relatively strong association between increased 

physical function measures and decreased inflammatory markers. The biological 

mechanisms linking exercise to cancer outcomes such as fatigue are not well-understood and 

the evidence of the inflammatory mechanisms of exercise to date is inconsistent and 

preliminary.22,23,25,62 Our published work on HNC has shown a strong association between 

increased fatigue and increased peripheral inflammation.63,64 This association indicates that 

interventions targeting inflammatory signaling pathways might be able to reduce fatigue. 

Although this pilot study had an insufficient sample size to demonstrate a significant 

difference in inflammatory markers between the exercise and control groups, our combined 

group data show a statistically significant correlation between physical function, such as 

6MWD, and inflammation. Additionally, our data show that the exercise group had a 

significantly lower physical fatigue measured using a subscale of MFI compared to the 

control. This lower physical fatigue was also associated with lower inflammation such as 

CRP and TNFα in our data. Taken together, our findings suggest that inflammation may 

indeed play an important role in the association between exercise and cancer-related fatigue.

Future research is recommended to establish this association in larger samples of HNC 

patients. DNA methylation is a well-studied epigenetic modification and has been 

characterized in various disease processes including cancer, psychiatric symptoms, and 

inflammation.65–68 Methylation occurs at different locations of genes and promoter 

methylation is highly dynamic for transcription or gene expression.61,69 In our enrichment 

analysis, three of the top ten upstream regulators in the promoter regions of our DMS-

located genes were associated with inflammation. Specifically, the diseases and functions 

annotation of the hypermethylated DMS indicated that exercise may have anti-inflammatory 

effects as suggested by potential suppression on the loss of telomere length and the 

activation of vascular endothelial tissue, both of which have been linked to increased 

inflammation.70,71 Although evidence is sparse, a few studies have also suggested that 

exercise may introduce anti-inflammatory effect through DNA methylation changes in 

inflammatory-associated genes. For instance, DNA methylation of apoptosis-associated 

speck-like protein containing a CARD (ASC), a vital component of the inflammasome, was 

higher in an exercise group compared with the control group. This increased methylation in 
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ASC suggested an anti-inflammatory effect as IL-1β was also lower in the exercise group 

than the control.72,73 Significant hypermethylation of the TNF gene (a pro-inflammatory 

cytokine) and hypomethylation of IL-10 gene (an anti-inflammatory cytokine) were also 

reported in those who maintained increased physical activity energy expenditure.74

Our data also indicated that tumor growth was linked to the top 10 upstream regulators in the 

promoter regions of the DMS-located genes. Exercise may deliver anti-tumor effects through 

the down regulation of the apoptosis of CD4+ T-lymphocytes and cell proliferation of 

lymphoma cell lines. T-cell death caused by tumors is a key mechanism for tumors to evade 

effective immunosurveillance.75 Our data appear to support that exercise may suppress t-cell 

death, along with reducing lymphoma cell proliferation, to generate the anti-tumor effects. 

Additionally, HNF4A was the most significant upstream regulator in our data. As a well-

established key regulator of liver development and function, HNF4A is linked to 

oncogenesis through the inflammatory pathways.76 HNF4A is also essential for lipid and 

glucose metabolism,77,78 which are important for tumor progression and inflammation.79–81 

Thus, our data suggest that exercise may contribute to anti-tumor and anti-inflammatory 

effects through regulating lipid and glucose metabolism. Despite the beneficial effects of 

exercise on fatigue and cancer survival,82,83 the mechanisms of this beneficial effect are not 

well understood. The findings of our study may shed light on the mechanism although large 

studies are warranted.

The study had several limitations. Because of the pilot nature of the study, the sample size 

was small and limited our ability to test for group differences using more comprehensive 

analyses, which may have biased our findings. In addition, the study was not randomized, 

and data collection was not blinded. However, the two groups were well-balanced for major 

demographic and clinical variables, which justified our analysis plan to use non-parametric 

tests for group differences. Sensitivity analysis using repeated measures of ANOVA also 

revealed similar findings. Blood samples were not collected under fasting condition in the 

morning due to patients’ schedules with oncologists; however, our previous studies have 

shown that the time of blood collection does not have a significant impact on the results.84 

With our low cutoff, the top ten upstream regulators in the promoter regions of the CPG site 

located-genes are still interpretable. The interpretation of the methylation results should be 

cautious as the blood cell type was not control; supplemental Table 3 compared cell 

proportions between the two groups at baseline and the end of intervention, which did not 

show significant differences between the groups. Given the fact of sparse evidence regarding 

the effect of exercise on fatigue, our pilot study may still provide preliminary information 

about the potential mechanisms of exercise on reducing fatigue.

Conclusion

Effective management of cancer-related fatigue, the most common and distressing side 

effect from cancer and its treatment, benefits cancer patients by improving quality of life and 

survival rates. Revealing the potential mechanisms of the symptom management for fatigue 

may provide a more targeted therapeutic strategy than is currently available. Findings from 

this pilot study are consistent with other studies suggesting a potential role of exercise for 

improving physical function performance and reducing fatigue that could be further linked 
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to decreased inflammation during active radiotherapy for HNC patients-- a highly fatigued 

but understudied population. Our exploratory DNA methylation results further suggest 

potential involvement of tumor growth and inflammation as the mechanisms of exercise in 

cancer patients. Large intervention studies are warranted to examine the mechanisms 

associated with exercise and fatigue in cancer populations.
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Highlights

Exercise improved physical performance during radiotherapy for head and neck cancer

Exercise may improve fatigue for patients with head and neck cancer

Physical performance was negatively associated with inflammation

DNA methylation related to tumor growth and inflammation associated with exercise
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Figure 1. 
Scatter plots for the associations between inflammatory markers and fatigue as well as 

physical function measures at end of the intervention. A, fatigue (Multidimensional Fatigue 

Inventory 20); B, 6-minute walk distance; C, chair stand; D, arm curl; E, hand grip. Note. 
CRP = C-reactive protein, IL10 = interleukin 10, IL6 = interleukin 6, sTNFR2 = soluble 

tumor necrosis factor receptor 2, TNFα = tumor necrosis factor α.
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Figure 2. 
Manhattan Plot of the DNA methylation sites and genes in the top 3 inflammation-related 

upstream regulators of the promoter regions.
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Figure 3. 
Average Steps and Fatigue Over 12 Weeks in Exercise and Control Groups. A: average step 

per day; B: average fatigue (Visual Analog Fatigue Scale). Note: fatigue 1: no fatigue, 2: 

mild fatigue; 3: moderate fatigue; 4: severe fatigue.
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Table 1.

Baseline demographic and clinical characteristics between the intervention and control groups

Intervention N=12 Mean (SD) or N (%) Control N=14 P value

Age 57 (10) 56 (12) 0.67

Sex Male 9 (75) 12 (86)

Female 3 (25) 2 (14) 0.64

Race White 11 (92) 13 (93)

Non-White 1 (8) 1 (7) 1.00

Marital status* Married 8 (67) 11 (79)

Not Married 4 (33) 3 (21) 0.67

Smoking status Never smoker 3 (25) 7 (50)

Ever/current smoker 9 (75) 7 (50) 0.25

Alcohol status Never drinker 5 (42) 6 (43)

Ever drinker 7 (58) 8 (57) 1.00

Body mass index 26.89 (4.20) 26.80 (3.15) 0.94

HPV status Unrelated 6 (50) 7 (50)

Related 6 (50) 7 (50) 1.00

Cancer site Oropharynx 6 (50) 8 (57)

non-Oropharynx 6 (50) 6 (43) 1.00

Stage II 3 (25) 1 (7)

III 3 (25) 4 (29)

IV 6 (50) 9 (64) 0.48

Treatment Radiotherapy only 2 (17) 0 (0)

Radiotherapy & Surgery 3 (24) 7 (50)

Radiotherapy & Chemotherapy 5 (42) 4 (29)

Radiotherapy, Chemotherapy & Surgery 2 (17) 3 (21) 0.35

Radiation dose (Gy) 68 (3) 64 (5) 0.02

*
Married includes patients married or living as married; Unmarried includes patients single, separated, divorced, or widowed.

Note. HPV related tumors were defined as either HPV or p16 positive; HPV unrelated tumors were defined as both HPV and p16 negative or 
unknown.
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Table 2.

Effect of exercise versus control on fatigue and physical function at baseline and changes at 3 months

Intervention Control Exercise Effect P value

Fatigue* N=12

Baseline 44.50 (14.74) 49.84 (15.13) 0.33

3 months change −5.02 (−13.64, 3.61) 4.87 (−3.10, 12.85) −9.89 (−21.76, 1.97) 0.10

6MWD (meters) N=9 N=4

Baseline 448.00 (76.27) 398.50 (94.28) 0.40

3 months change 29.79 (−14.19, 73.76) −55.52 (−122.62, 11.58) 85.31 (3.59, 167.02) 0.04

Chair Stand (times) N=9 N=4

Baseline 13.56 (3.13) 11.25 (1.89) 0.20

3 months change 2.06 (0.66, 3.46) 0.87 (−1.30, 3.03) 1.19 (−1.47, 3.85) 0.34

Arm Curl (times) N=9 N=4

Baseline 24.11 (4.37) 19.25 (8.54) 0.19

3 months change −1.82 (−6.16, 2.52) −1.15 (−7.86, 5.56) −0.67 (−8.93, 7.59) 0.86

Hand Grip (lbs) N=9 N=4

Baseline 32.44 (11.14) 36.25 (17.23) 0.64

3 months change −0.32 (−3.38, 2.74) −5.78 (−10.39, −1.17) 5.46 (−0.09, 11.02) 0.05

Note. Baseline scores are presented as means (standard deviation). 3-month changes are presented as least square means and 95% confidence 
interval from mixed model analysis adjusting for baseline score. These bold values are statistically significant (p<0.05). 6MWD= 6-minute walk 
distance. SD = stand deviation. Physical function tests were added later into the study, only a subset of participants had the physical function tests, 
plus 3 missing for intervention group.

*
Fatigue was measured by using Multidimensional Fatigue Inventory-20.
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Table 3.

Correlation coefficients among fatigue, physical function and inflammation at 3 months

Fatigue* 6MWD (meters) Chair Stand (times) Arm Curl (times) Hand Grip (lbs)

CRP (pg/ml) 0.468 (0.021) −0.467 (0.108) −0.522 (0.067) −0.621
(0.023) −0.286 (0.344)

IL1ra (pg/ml) 0.109 (0.611) −0.396 (0.181) −0.688 (0.009) −0.682
(0.010) −0.231 (0.448)

IL6 (pg/ml) 0.298 (0.167) −0.741 (0.006) −0.662 (0.019) −0.676
(0.016) −0.497 (0.101)

IL10 (pg/ml) 0.173 (0.420) −0.374 (0.209) −0.779 (0.002) −0.899
(<0.001) −0.379 (0.201)

TNFα (pg/ml) 0.394 (0.057) −0.516 (0.071) −0.588 (0.034) −0.666
(0.013) −0.099 (0.748)

sTNFR2 (pg/ml) 0.172 (0.421) −0.505 (0.078) −0.522 (0.067) −0.724
(0.005) −0.445 (0.128)

MCP1 (pg/ml) 0.321 (0.126) −0.165 (0.590) −0.307 (0.308) −0.455
(0.118) −0.033 (0.915)

Fatigue − −0.335 (0.264) −0.488 (0.091) −0.420
(0.153) −0.440 (0.133)

Note: N=24 for fatigue (missing inflammatory cytokines in two patients); N=13 for physical functions (Physical function tests were added later into 
the study, only a subset of participants had the physical function tests, plus 4 missing for intervention group). Parenthesis is the p value. These bold 
values are statistically significant (p<0.05). 6MWD= 6-minute walk distance, CRP = C-reactive protein, IL1ra = interleukin 1 receptor antagonist, 
IL6 = interleukin 6, MCP1= monocyte chemoattractant protein 1, sTNFR2 = soluble tumor necrosis factor receptor 2, TNFα = tumor necrosis 
factor α.

*
Fatigue was measured by using Multidimensional Fatigue Inventory-20
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