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Abstract

While fatigue is the most common and debilitating side effect of cancer and cancer treatment it is
still poorly understood, partly because it is usually characterized by patient-reported outcomes. As
patient-reports are inherently subjective, behavioral correlates of the symptom of fatigue are
needed to increase our understanding of the symptom. We focused on motivational effort
expenditure as a crucial behavior in cancer-related fatigue, using a validated computerized task
contrasting high effort/high reward and low effort/low reward choices under different probabilities
of success. Effort expenditure-choices were analyzed in 47 cancer patients differing by their status;
current evidence for disease (n=17) or post-treatment survivors with no evidence for disease
(n=30). In addition, patient-reported fatigue, negative and positive affect, and biomarkers of
inflammation were assessed. Patient-reported general and motivational fatigue, negative affect, and
plasma concentrations of pro-inflammatory biomarkers were related to higher effort expenditure
while positive affect was associated with lower effort expenditure. As all four measures interacted
with patient status, exploratory models were computed for patients and survivors separately. These
analyses indicated that the effects of fatigue and negative affect were predominantly seen in
survivors. In patients still under or shortly post treatment, general fatigue, but not motivational
fatigue, was associated with lower effort expenditure but only in the most favorable reward
condition. Negative affect did not have an effect. Thus, the effects observed seemed primarily
driven by cancer survivors in whom both fatigue and negative affect were associated with higher
effort expenditure. These findings are tentatively interpreted to suggest that a tendency to invest
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more effort despite feelings of fatigue is a vulnerability for developing chronic fatigue.
Inflammation and negative affect might contribute to fatigue in some survivors through this effort
investment pathway.
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1. Introduction

Fatigue is the most common, debilitating side effect of cancer and cancer-treatment. Up to
99% of patients report some fatigue during cancer therapy (Servaes et al., 2002) and
between 44% and 66% report moderate to severe fatigue (de Jong et al., 2004; Servaes et al.,
2002). Although fatigue usually abates after cessation of cancer therapy, it becomes chronic
in 22 to 39% of cancer survivors (Goedendorp et al., 2013). Severe fatigue affects quality of
life by hampering daily activities and interfering with return to work. Furthermore, it is
strongly related to mood disturbances such as depression (Ho et al., 2015). Thus, the
emotional and financial consequences of cancer-related fatigue are severe.

To date, no efficacious treatment options for cancer-related fatigue exist, although evidence
is accumulating that some patients may benefit from physical, psychosocial, or mind-body
interventions (Bower et al., 2014). The lack of evidence-based treatment options might be
largely due to our poor understanding of the symptom of fatigue. Fatigue is a multi-
dimensional construct including physical, mental, and motivational dimensions. These
dimensions are usually quantified by patient-report, thereby inadvertently subjected to
psychosocial influences on symptom experience. Subjective symptom reports do not always
correlate with objective assessments as illustrated in chemotherapy-induced cognitive
dysfunction where self-reported cognitive function does not correlate with objective
cognitive tests (O'Farrell et al., 2016; Pullens et al., 2010). To our knowledge, the only used
behavioral outcome in relation to fatigue is physical activity (assessed through actigraphy),
which indeed shows only low correlations with reported fatigue (Ferriolli et al., 2012;
Timmerman et al., 2015). Behavioral correlates of specific dimensions of cancer-related
fatigue are thus far unknown.

Patients with cancer-related fatigue often report a lack of motivation. For example, in a
qualitative study on cancer-related fatigue, lack of motivation was reported by over 80% of
patients (Gledhill, 2005). Further, de Jong et al. showed consistently high scores on patient-
reported lack of motivation during adjuvant chemotherapy for breast cancer (de Jong et al.,
2005). For the present study, we therefore decided to focus on motivational effort
expenditure as a possibly crucial element of cancer-related fatigue. Lack of motivation might
express itself as an overall reduced willingness to exert effort, or as a reduced sensitivity to
the reward obtained through the expenditure of effort (i.e., anhedonia), the latter being a
component of depression. We hypothesized that cancer patients and survivors with higher
fatigue but no depression would display decreased effort expenditure with intact reward
sensitivity.
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We used the Effort Expenditure for Reward Task (EEfRT), a validated computerized task
designed to assess effort expenditure as well as the hedonic aspect of motivation (i.e., reward
sensitivity) (Treadway et al., 2009) in cancer patients (with active disease) and in cancer
survivors (post primary cancer therapy and with no evidence of disease) in a cross-sectional
design. In the EEfRT, participants repeatedly choose between a high effort-high reward task
and low effort-low reward task under varying reward probabilities and magnitudes.
Performance on the EEfRT is related to self-reported anhedonia (Treadway et al., 2009). In
addition, when compared to healthy controls, patients diagnosed with major depressive
disorder show less willingness to select the high effort-high reward task and are less
sensitive to changes in reward probability and magnitude (Treadway et al., 2012). The
EEfRT is sensitive to inflammation as administration of endotoxin to volunteers resulted in a
decrease in low effort-low reward choices when the probability to win was low and an
increase in high effort-high reward choices when the probability to win was high (Lasselin et
al., 2017). In this last study, the effect of inflammation was related to the level of sleepiness,
suggesting a role for fatigue in inflammation-induced changes in motivated behavior.
However, to our knowledge, the EEfRT has not yet been used to assess motivational changes
in fatigued subjects.

Associations between cancer-related fatigue and personality characteristics related to a more
negative mood as well as state negative mood have been repeatedly found (Shun et al., 2011,
Wang et al., 2013). In addition, inflammation has repeatedly been associated with cancer-
related fatigue (Bower, 2007; De Raaf et al., 2012). Therefore, we also measured affect and
circulating levels of biomarkers of inflammation to assess their associations with
motivational effort expenditure.

2. Materials and Methods

2.1 Participants

Patients were recruited at the Cancer-Related Fatigue Clinic and the Head and Neck Clinic
at The University of Texas MD Anderson Cancer Center. The Cancer-Related Fatigue Clinic
sees patients who are referred by oncologists at MD Anderson because of severe cancer-
related fatigue. We included patients presenting for initial consult, at which stage they report
high levels of fatigue, and for follow-up, at which stage fatigue is often of low or moderate
severity. Patients recruited at this clinic could be under active cancer treatment, maintenance
treatment, or no treatment. Patients recruited at the Head and Neck Clinic were between 6
weeks and 12 months post treatment for head and neck cancer and cancer free at the time of
assessment. For both clinics, exclusion criteria were presence of major depressive disorder
or severe depression (patients taking antidepressants and not showing signs of severe
depressive symptoms were allowed), presence of pain, severe confusion, or cognitive
impairments.

2.2 Study design

In a cross-sectional study design, participants were tested for incentive motivation and self-
reported mood and fatigue. During testing, participants filled out questionnaires as described
below, followed by the EEfRT (see below). A blood sample was drawn for plasma levels of
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inflammatory markers on the day of testing. Participants received a gift card of $10 plus
their winnings on the EEfRT (see below) after completion of the assessments. The protocol
was approved by the MD Anderson internal review board (2015-0500 and 2014-0511) and
all patients provided written informed consent.

2.3 Self-report measures

Fatigue was measured with the General Fatigue subscale of the Multidimensional Fatigue
Symptom Inventory-Short Form (MFSI-SI), a 30-item questionnaire assessing five
empirically derived dimensions of fatigue (i.e., general fatigue, physical fatigue, emotional
fatigue, mental fatigue, and vigor) (Stein et al., 2004). The General Fatigue subscale
included six items which were rated for the extent to which they were true on a 5-point
Likert scale (range O “not true at all”- 4 “extremely”). Items included statements such as “I
am worn out”, “I feel fatigued”, and “I feel run down”. Answers were summed resulting in
score range of 0 — 24 with higher scores representing greater fatigue severity. The
motivational aspect of fatigue was assessed with the motivation subscale of the Checklist
Individual Strength (CIS), a 4-item scale with items answered on a 7-point Likert scale
(range 1 “yes, that is true” — 7 “no, that is not true at all”). Items included statements as for
example “I don’t feel like doing anything” and “I have a lot of plans”. Higher scores (after
reversed scoring when necessary) represent greater motivational fatigue (range: 4 — 28)
(\Vercoulen et al., 1994).

To monitor self-reported fatigue during the assessments, participants also filled out a fatigue
visual analogue scale (VAS) before, in-between, and after the computerized tests indicating
their momentary fatigue on a continuous 10-cm long scale from “not fatigued at all” to “very
severely fatigued”.

Depression was assessed with the depression subscale of the Depression, Anxiety, and Stress
Scale (DASS) (Antony et al., 1998; Lovibond and Lovibond, 1995) (for participants
recruited at the Cancer-Related Fatigue Clinic) or the Hospital Anxiety and Depression scale
(Zigmond and Snaith, 1983) (for participants recruited at the Head and Neck Clinic). Both
subscales are comprised of seven items which are to be answered for the past week ona 0 —
3 Likert scale, resulting in sum scores with a range of 0 — 21.

Negative and positive affect were measured with the Positive and Negative Affect Scale
(PANAS) (Watson et al., 1988). Both subscales (i.e., positive and negative affect) comprise
10 mood adjectives and the extent to which they are experienced during the last month is
rated on a 5-point Likert scale.

Anhedonia was assessed with the Snaith-Hamilton Pleasure Scale (SHAPS) (Snaith et al.,
1995). This 14-item scale assesses hedonic tone and its absence, anhedonia. Participants rate
the degree to which they agree or disagree with statements describing situations that
generate pleasure.

2.4 Markers of inflammation

Blood samples were typically drawn immediately after completion of assessments. Most
participants were assessed between 12:00 and 6:00 P.M, except for ten participants who
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were assessed between 10:00 A.M. and 12:00 P.M. Blood samples were not drawn for three
participants due to time constraints in the participant’s schedule. Blood was immediately
spun down at 3,000 x g for 10 minutes and plasma was frozen at —80 °C until batch-wise
analyses of inflammatory markers previously associated with cancer-related fatigue in both
patients and survivors (Saligan and Kim, 2012; Xiao et al., 2017).

Plasma levels of IL-6, sIL-6r, TNF-a,, STNFRII, and IL-1ra were determined with enzyme
linked immunosorbent assays (ELISAS) (R&D systems HS600B, DR600, HSTA0OD,
DRT200, and DRAOOB, respectively). Mean minimum detectable levels were 0.039 pg/ml
for IL-6, 6.5 pg/ml for sIL-6r, 0.106 pg/ml for TNF-a., 0.6 pg/ml for STNFRII, and 6.3
pg/ml for IL-1ra. One TNF-a sample that was below detection level was set at the mean
minimum detectable dose. C-reactive protein (CRP) levels were determined by the MD
Anderson Cancer Center core clinical laboratory using high sensitivity chemiluminescent
immunometric assay run on a Siemen Immulite XPi. Standard range was 0.2 — 100 pg/mL.
One sample exceeded the maximum range for CRP and was repeated at 1:10 dilution.

2.5 Motivation: Effort Expenditure for Reward Task (EEfRT)

The EEfRT is a multiple-trial task designed to assess both overall motivation to perform and
reward sensitivity (Treadway et al., 2009). In this task, participants were repeatedly
presented with a choice between performing a low effort/low reward (‘easy’) task or a high
effort/high reward (“hard’) task. The easy task required 30 button presses within 7 seconds
with the index finger of the dominant hand for a $1 reward; the hard task required 100
button presses within 21 seconds with the little finger of the non-dominant hand for a reward
varying between $1.24 and $4.30. The probability of being awarded the reward after
completion of the task (either hard or easy) varied (12%, 50%, and 88%). At the beginning
of each trial, the reward for the hard task and probability of being awarded the reward for
both tasks were displayed for a maximum of 10 seconds on the screen and the participant
had to choose which task to complete. If the participant did not choose within this time
frame, the program randomly assigned one of the tasks. Thus, the sequence for one trial was
as follows: (1) choosing a task using the information on reward magnitude and reward
probability; (2) completing the task by repeatedly pressing the appropriate button; (3)
receiving feedback on the completion and the total reward obtained for the task.

After reading the written instructions, participants were guided through four practice trials
before the 15-minute actual test. Participants were informed that at the end of the task, two
completed trials would be randomly chosen for which they would receive the actual
monetary reward. Participants completed as many trials as fit within the allocated time
frame. As the easy task takes less time to be completed, choosing the easy task more
frequently resulted in completion of more trials.

The dependent variable in the EEfRT task is the ratio of high effort/low effort choices, which
informs about the participant’s overall willingness to exert effort. Difference in high versus
low effort task choices between the different reward and probability conditions inform about
the participant’s sensitivity to reward. Behavior on the EEfRT has been related to depression
and anhedonia (Treadway et al., 2012) and to systemic inflammation (Lasselin et al., 2017).
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2.6 Statistical Analyses

All analyses were performed in SPSS version 23 (Corporation, 1989, 2016). As severe
depression was an exclusion criterion, depressive symptom scores were, not surprisingly,
low (range: 0-8). In addition, over 40% of the sample reported no depressive symptoms (sum
score 0 or 1). Therefore, depression symptom scores were dichotomized into no symptoms
(score 0-1) and some symptoms (score 2-8). Negative affect showed one outlier (score of 38)
which was winsorized to the mean+2*standard deviation (new score = 29). Markers of
inflammation were severely skewed and therefore log-transformed for all analyses. One
outlier for TNF-a was detected even after log-transformation and winsorized to mean
+2*standard deviation. Associations between self-reported measures were assessed with
Pearson correlation coefficient r for continuous variables and Spearman’s rank correlation
coefficient p for dichotomous variables. Associations between fatigue and markers of
inflammation were assessed with multiple regression models in which standardized scores
for biomarkers were entered as independent variables. Independent samples t-test were used
for descriptive analyses regarding differences between patients and survivors in decision
making reaction times, tap speed during trials, and high effort choices.

In line with previous reports on the EEfRT (Lasselin et al., 2017; Treadway et al., 2012;
Treadway et al., 2009), the ratio of high effort/low effort choices on the EEfRT was analyzed
with Generalized Estimating Equations (GEE) models, which allows for controlling for
time-varying covariates such as trial number. Choice for high effort vs. low effort task
(binary logistic) was entered as outcome variable. Trial number (continuous variable),
reward probability (categorical variable), and reward magnitude (continuous variable) were
entered as within-subject variables in all models using an unstructured working correlations
matrix and model-based estimation of the covariance matrix. All GEE models included trial
number, reward probability, and reward magnitude. Further covariates were selected in a
preliminary model including demographic variables and medication use. Variables
significantly contributing to the model with alpha at 0.01 were included in all subsequent
models. The associations of high effort choice with general fatigue and motivational fatigue
were analyzed in separate models. Associations of high effort choice with positive and
negative affect were explored. Alpha was set at 0.0125 (0.05/4) for testing of associations of
high effort choice with general and motivational fatigue and positive and negative affect. For
subsequent exploratory models in survivors and patients separately, alpha was corrected for
the number of models that were tested. Because of the small sample sizes in the subsamples,
significant interactions between fatigue/affect and task conditions could not be followed-up
by GEE models within each task condition. Thus, these interactions were further inspected
by graphing high-effort choices per task condition for individuals scoring in the highest and
the lowest tertile of the respective fatigue/affect measure. Associations between the
biomarkers of inflammation and high effort choices were first tested in separate models for
each biomarker. Markers identified in these models were then tested together in one model
to account for possible overlap between the markers in their associations with high effort
choices. We aimed for a sample size of 50, which allows for the detection of associations
between fatigue and the ration of high effort/low effort choices with effect size of f2 = 0.30
(i.e., small effect size) in a multiple regression model including up to three covariates (alpha
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at 0.0125 and power of 90%). As we will use GEE models which allows for controlling of
within subject variability, our estimate of detectable effect size is conservative.

3. Results

3.1 Patient characteristics

A total of 50 participants was tested. Three participants did not comply with EEfRT task
instructions and were therefore excluded from further analyses. As it is unclear if fatigue
experienced acutely during cancer and cancer-treatment is the same as the persistent fatigue
experienced by cancer survivors who are well past their primary cancer treatment, we
categorized participants’ status as ‘patients’ and ‘survivors’ according to their disease and
treatment status during testing. Approximately one-third of the sample (36%) consisted of
patients either actively undergoing any type of cancer treatment (n = 15), having completed
primary treatment less than three months prior (n = 2), or having stable metastatic disease
for which they currently were not receiving treatment (n = 1). The remaining two-third
(64%) was characterized as survivor: at least three months post any cancer treatment, with
the exception of adjuvant endocrine treatment. Sample characteristics are presented in Table
1. Two patients (12%) had received chemoradiation less than 3 months before testing.
Within the survivors group, six participants (20%) were receiving endocrine treatment at the
time of testing, all whom had been receiving this treatment for over a year. Patients had
higher general fatigue scores than survivors (independent sample t-test: p = 0.026). No other
differences were found between the two subgroups. The plasma levels of inflammation
biomarkers we observed here were somewhat lower when compared to previously reported
data in cancer patients and survivors (Bower et al., 2009; Knobel et al., 2000), with the
exception of sIL-6R, which was elevated compared to other studies (e.g., Collado-Hidalgo et
al., 2006). Associations between inflammatory markers and demographic variables were
found for IL-1ra with BMI (r = 0.43, p =.003) and for CRP with sex (rho = .41, p =.006).

3.1.1 Fatigue—Self-reported general fatigue and motivational fatigue were positively
correlated (r = 0.65, p < 0.001). Momentary fatigue scores showed a 26% increase between
pre and post EEfRT (dependent sample t-test: p < 0.001) (29% within the patients group and
24% within the survivors group). General fatigue was not associated with change in
momentary fatigue during the EEfRT (r = 0.07, p = .65), but higher motivational fatigue was
associated with a stronger increase in momentary fatigue during the task (r =0.33, p =
0.022). Self-reported general fatigue was not associated with age, gender, BMI, or race/
ethnicity (p-values > 0.05), but was associated with use of anxiolytics (p = 0.37, p = 0.010),
negative affect (r = 0.34, p = 0.018) and positive affect (r = —0.49, p 0.001). Motivational
fatigue was not associated with gender, body mass index, or race/ethnicity (p-values > 0.05),
and was associated with use of anxiolytics (p = 0.46), negative affect (r = 0.50, p < 0.001)
and positive affect (r = -0.73, p < 0.001) as well as with use of stimulants (p = 0.37, p =
0.010), antidepressants (p = 0.41, p = 0.004), and age (r = -0.31, p = 0.033).

Univariate correlations showed a significant, but inverse association between motivational
fatigue and CRP levels (r = —-0.35, p = 0.021) and a marginally significant association with
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IL-6 concentrations (r = —.25, p = 0.099). All other correlations were non-significant (p >
0.05) (Table A.1).

3.1.2 EEfRT—Trials for which no choice was made and trials for which choices were
made with a reaction time < 100 milliseconds were omitted from analyses (deleted trials n =
66; less than 3% of the total number of trials). Analyses included all eligible trials (n =
2,269). Each participant completed between 30 and 71 trials (M = 26.5, SD = 15.85) with an
average of 3.2% ineligible trials (range: 0%-18%), resulting in 27 — 71 eligible trials (M =
48.3, SD = 9.0) per participant. On average, 81% (range: 0% — 100%) of high effort trials
were successfully completed (i.e., key press goal was obtained), with a success rate of less
than 10% for four participants (three survivors and one patient). Neither the percentage of
ineligible trials nor the percentage of successfully completed high effort trials was associated
with general fatigue (r = —.03, p = .82; r = 0.18, p = .24) or motivational fatigue (r = -.24, p
=.11; r=.24, p =.10). In addition, tap speed during the trials was not related to general
fatigue (r = 0.05, p = 0.722) or motivational fatigue (r = 0.007, p = 0.96).

In line with previous reports (Treadway et al., 2012; Treadway et al., 2009), reward
probability (p < 0.001), reward magnitude (p < 0.001), and trial number (p < 0.001) were all
found to affect high effort choices (Table A.2; see also Figure 1, panel A). An older age (B
=.025, p <.001), being male (B = —0.752, p < 0.001), and use of anti-depressants (B =
0.0.323, p < 0.001), anxiolytics (B = —0.431, p < 0.001), and psychostimulants (B = 0.339, p
= 0.009) were associated with high effort choices (Table A.2). Patient status (patient or
survivor) was also associated with high effort choices (B = 0.520, p < 0.001), indicating that
patients currently undergoing treatment chose the high effort task more often than survivors.
These variables were thus included as covariates in all subsequent models. As both
depression and anhedonia scores were extremely low for the sample, these measures were
not considered as covariates.

Although patients choose the high effort task more often than survivors did (Figure 1, panel
B), both groups showed the same sensitivity to changes in reward probability (F(2,44) =
0.057, p = 0.28) and reward magnitude (F(2,44) = 0.069, p = .93). Compared to previously
reported results on healthy subjects with similar age ranges i.e., (McCarthy et al., 2016;
Treadway et al., 2012), the ratio of high effort task choices was markedly lower in both
patients and survivors.

3.2 Association of Fatigue with Effort Expenditure

Within the sample as a whole, both general fatigue and motivational fatigue were
significantly associated with increased odds for high-effort choices (Table 2 for GEE models
and Table A.3 for bivariate correlations). More interestingly, both fatigue measures also
showed an interaction with patient status in their association with high effort choices.
Negative affect was likewise associated with increased odds for high effort choices, while
positive affect was associated with a decrease in high effort choices. Both affect measures
also interacted with patient status. Exploration of other fatigue dimensions showed that
higher physical fatigue was associated with more high effort choices (B = 0.124, p < 0.001).
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In addition, an increase in momentary fatigue during the task was also associated with more
high effort choices (B = 0.428, p < 0.001) (Table A.4).

3.3 Exploration of the Effects of Acute or Chronic Fatigue

As both fatigue measures and both affect measures showed an interaction with patient status,
we repeated all main models within the subgroups to explore differences in the observed
effects between patients and survivors. Herein, we assume that fatigue experienced by
patients is more acutely related to the cancer treatment, while fatigue in survivors has a more
chronic nature.

In patients, general fatigue interacted with reward probability (Table 3, model 1). As shown
in figure 2 (panel A), whereas patients with low fatigue markedly increased their high-effort
choices when the probability to win was at its highest, patients with high fatigue did not
show this pronounced increase. Higher motivational fatigue was associated with overall
decreased odds for high-effort choices, although this effect was not significant after
adjusting for the multiple tests (adjusted p = .072) (Table 3, model 2). Motivational fatigue
did not interact with reward probability or magnitude (corrected p-values > 0.05). Positive
affect showed an interaction with reward magnitude but not with probability (Table 3, model
3) . Figure 2 (panel B) shows that patients with high positive affect showed a more
pronounced increase in high-effort choices with increasing reward magnitude. Negative
affect was not associated with high effort choices (B = —0.034, p = 0.10).

In survivors, general fatigue was associated with overall /ncreased odds for high-effort
choices (Table 4, model 1). In other words, survivors with higher general fatigue choose the
high-effort task more often than survivors with lower fatigue. No interactions were observed
with reward conditions. Motivational fatigue showed an interaction with reward magnitude
(Table 4, model 2). Survivors with higher motivational fatigue choose the high-effort task
more often than survivors with lower motivational fatigue, only when the reward for the
high-effort task was high (Figure 2, panel C). Negative affect interacted with reward
probability (Table 4, model 3). Survivors with higher negative affect choose the high-effort
task more often than survivors with lower negative affect when the probability for winning
was not optimal (i.e., 12% and 50%) (Figure 2, panel D). Associations for positive affect
were not significant (b = —0.034, adjusted p = 0.088).

Thus, these exploratory models indicate that the effects for fatigue observed for the sample
as a whole appear to be driven primarily by survivors, in whom fatigue has a more chronic
character. In contrast, patients with more acute cancer-related fatigue, display the expected
inverse relation between fatigue and high effort choices, predominantly under favorable
reward conditions.

3.4 Association of Biomarkers of Inflammation with Effort Expenditure

GEE models for each biomarker separately indicated significant associations with high-
effort choices for all markers except STNFRII (Table A.5). A GEE model with all
biomarkers identified in the separate models entered simultaneously confirmed significant
main effects for all five markers (Table 5, model 1) (alpha adjusted to 0.008). A pro-
inflammatory profile (i.e., increased CRP, IL-6, sIL-6R, and TNF-a and decreased IL-1Ra)
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was associated with more high-effort choices. Repeating the model for survivors and
patients separately showed that the observed associations were apparent in both groups,
although associations were less often significant for patients, probably due to the small
sample size (Table 5, models 2 and 3). These findings indicate that inflammation could
contribute to the experience of fatigue by inducing increased effort expenditure. Indeed,
higher plasma levels of TNF-a were associated with stronger increases in fatigue during the
task (r = 0.33, p = 0.027), although associations were not found for the other biomarkers.

4. Discussion

We show here that contrary to our expectations, fatigue experience was associated with
increased effort expenditure in our sample. Exploratory models for patients and survivors
separately indicated that this association was primarily driven by the cancer survivors who
completed all primary cancer treatment at least three months ago. Survivors, making up two-
thirds of the study sample, showed an association of fatigue with /ncreased effort
expenditure. In contrast, patients who were actively undergoing or had recently finished
cancer treatment showed the expected association of cancer-related fatigue with reductions
in effort expenditure, although only in the highest reward probability condition; patients with
high fatigue did not show the strong increase in effort expenditure for high reward
probability as compared to patients with low fatigue. Negative affect, a reflection of the
experience of aversive emotions or feelings of emotional distress (Watson, Clark & Tellegen,
1988), was likewise associated with increased effort expenditure in survivors, but not in
patients. Inflammation was associated with increased effort expenditure in the whole sample
as well as in both groups separately, indicating that inflammation could act as a risk factor
for fatigue.

There are several ways of interpreting these findings. We tentatively propose that a tendency
to engage in the high effort-high reward task while experiencing fatigue, such as what we
observed in survivors, is a reflection of an inability to effectively manage effort expenditure.
As fatigue signals a need to conserve energy, the inability to adjust effort expenditure
accordingly may serve as a contributing factor to the ongoing experience of fatigue. This
interpretation is strengthened by the finding that negative affect, a tendency to experience
negative emotions, was also associated with increased effort expenditure in cancer survivors.
Interestingly, the association for negative affect was predominantly seen for the less
rewarding conditions, suggesting that negative affect interferes with the ability to adjust
behavior to external cues. As trait negative affect was also strongly associated with fatigue,
this personality measure might contribute to fatigue by increasing an already present
tendency to exert more effort. However, it has to be noted that the small sample size did not
allow for any formal testing of these suggested mediation pathways. Patients still under
treatment or shortly after its cessation did not show any association between negative affect
and effort expenditure and showed the expected association of increased fatigue with
decreased effort expenditure. Thus, the tendency to exert more effort while fatigued might
specifically underlie chronic and not acute fatigue experience.

We also observed an association between inflammation and an increased tendency for effort
expenditure. While counter to our expectations, this finding is in line with the results of an
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earlier study showing that experimental induction of low-grade inflammation was associated
with increased effort expenditure when the probability of reward was high (Lasselin et al.,
2017). Inflammation (measured by CRP plasma levels) was further negatively associated
with motivational fatigue, while no associations were found with general fatigue. The lack of
association between general fatigue and inflammation is not surprising considering that
previously reported associations are generally modest and inconsistent, especially in cross-
sectional studies (Saligan and Kim, 2012). Furthermore, blood samples were not all drawn at
the same time of day, adding variability to the data which could have obscured potential
associations. However, the negative association between CRP and motivational fatigue is
unexpected considering that when associations are found, they are generally positive, i.e.,
higher fatigue relates to more inflammation (Bower, 2014; Saligan et al., 2015). De Raaf and
colleagues showed that associations with inflammation depend on the dimension of fatigue
that is assessed (De Raaf et al., 2012). Thus, it is well possible that motivational fatigue
entails a dimension of fatigue that responds to inflammation differently from other
dimensions, although it has to be noted that at least in patients with diabetes, motivational
fatigue showed a positive association with inflammation (Lasselin et al., 2012). As we are
the first to report on associations between inflammation and motivational fatigue in cancer
patients, this finding needs replication before strong inferences can be made. In light of the
experimental study of Lasselin and colleagues (Lasselin et al., 2017) and previous findings
on positive associations between fatigue and inflammation (e.g., Bower et al., 2002; Orre et
al., 2009; Orre et al., 2011), our finding that inflammation is associated with increased effort
expenditure points to a behavioral pathway possibly explaining how inflammation
contributes to the experience of general fatigue. Indeed, we found some evidence for an
association between inflammation and increased momentary fatigue during the task. Further
studies are needed to formally assess the notion that effort expenditure mediates the
association between inflammation and fatigue.

From an ecological perspective, fatigue and fatigue-related reduced motivation can be seen
as having a functional role during cancer-treatment by inhibiting energy demanding
activities, which enables preservation of energy for dealing with the damaging effects of
cancer treatment. It is now well-known that acute inflammation leads to changes in behavior
and mood which are all associated with decreased activity (Dantzer, 2001; Dantzer et al.,
2008). Furthermore, preclinical studies have convincingly shown that these reductions in
activity can be reversed or overwritten when an immediate action is necessitated (Aubert et
al., 1997; Vichaya et al., 2014). Personality characteristics associated with negative mood
such as neuroticism, its related construct trait negative affect, and trait anxiety are generally
associated with /ncreased effort expenditure (Andreassen et al., 2014; Castonguay et al.,
2017; Powell et al., 2009). Thus, while negative affect assessed here was a state and not a
trait, its effects could explain the discrepancy we observed in survivors between fatigue
experience and behavior. If reduced motivation contributes to the recovery from cancer
treatment by temporarily reducing effort expenditure and thus saving energy for more
pressing needs, then the failure to adhere to this need for energy conservation could lead to
an ongoing experience of fatigue as a continuous signal of insufficient energy supply. This
could be particularly true during survivorship, when the acute reasons for experience of
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fatigue (i.e., cancer treatment) have dissolved and individuals expect to return to a normal
level of functioning.

Some limitations of the current study warrant mentioning. The cross-sectional design of our
study does not allow for testing of causal relationships. Further, the sample size is
appropriate for revealing an effort expenditure aspect of fatigue in cancer patients and
survivors but too small for more in-depth analyses of the differences between patients and
survivors or for investigating possible mediation pathways between negative affect, fatigue,
and effort expenditure. While it was assumed that fatigue reported by survivors was more
chronic in character, we did not formally test this and thus, our interpretation of fatigue as
being chronic is tentative. Also, patients and survivors with diverse cancer diagnoses and
treatment histories were included in the study, which could have obscured associations.
Replications of our findings in larger and more homogenous populations of cancer patients
and survivors are warranted. However, finding an association between fatigue and effort
expenditure in such a heterogeneous group indicates that this is a robust effect that warrants
further studies. Our findings on negative affect indicate that some aspects of personality
could explain the controversial association between fatigue and effort expenditure observed
in survivors. However, no data on other personality characteristics was collected in the
current study. Future studies should include several other characteristics such as neuroticism
and trait anxiety to assess their effect on the association between effort expenditure and
fatigue.

In conclusion, cancer-related fatigue is associated with increased effort expenditure in cancer
patients actively undergoing treatment but not in cancer survivors after cessation of
immediate therapy. We propose that it is this inability to continue to conserve effort after the
immediate reasons for fatigue are gone that leads to the development of persistent fatigue in
survivorship. As inflammation and negative affect were also associated with increased effort
expenditure, these factors might further contribute to chronic fatigue via an effort pathway.
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Highlights
. We assessed motivational effort expenditure in cancer patients and survivors;
. Fatigue was associated with more effort expenditure, especially in survivors;
. Inflammation was also associated with increased effort expenditure;
. Investing more effort while fatigued might predispose for developing chronic
fatigue;
. Inflammation might contribute to fatigue via an increased effort pathway.
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Figure 1.
Percentage of high effort choices across all trials and separated for reward probability

conditions. In the complete sample (panel A), participants choose the high effort task 37% of
the time and showed sensitivity to changes in reward probability as evident from more high
effort choices in the trials with higher probabilities. Patients made more high effort choices
than survivors (panel B), but both groups were equally sensitive to changes in reward
probability.
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Figure 2.

Graphic display of the interactions between fatigue/affect measures and high-effort choices
within the patient sample (panels A and B) and the survivor sample (panels C and D).
Markers display the mean (£SE) percentage of high-effort choices per reward condition for
patients/survivors within the lowest and the highest tertile of the respective fatigue or affect
score.
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Table 2.

Results for associations of fatigue and affectivity measures with high-effort choices in total sample. Each GEE
model included task variables (trial no., reward probability and magnitude) and the selected covariates (age,
sex, race/ethnicity, patient status, use of anxiolytics, use of antidepressants, and use of psychostimulants).
Main and interaction effects significant at p<0.0125 are depicted in bold.

Model B SE 95% ClI P

1 General fatigue 0.060 | 0.013 0.034 - 0.085 <0.001

Fatigue x patient status | -0.065 | 0.024 | -0.110--0.019 | 0.006

2. Motivational fatigue 0.054 | 0.015 0.026 — 0.083 <0.001

Fatigue x patient status | -0.057 | 0.021 | -0.099--0.016 | 0.007

3. Negative affectivity 0.073 | 0.015 0.043 - 0.102 <0.001

NA x patient status | -0.090 | 0.022 | -0.133--0.046 | <0.001

4. Positive affectivity -0.034 | 0.013 | -0.058 -—0.009 | 0.008

PA x patient status | 0.046 | 0.016 0.014-0.078 0.005
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