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Abstract

Objectives—Fatigue during cancer treatment is associated with depression. Neurotrophic factors
play a major role in depression and stress and might provide insight into mechanisms of fatigue.
This study investigated the association between plasma concentrations of three neurotrophic
factors (BDNF, brain-derived neurotrophic factor; GDNF, glial-derived neurotrophic factor; and
SNAPIN, soluble A-ethylmaleimide sensitive fusion attachment receptor-associated protein) and
initial fatigue intensification during external beam radiation therapy (EBRT) in euthymic non-
metastatic prostate cancer men.

Methods—Fatigue, as measured by the 13-item Functional Assessment of Cancer Therapy-
Fatigue (FACT-F), and plasma neurotrophic factors were collected at baseline (prior to EBRT) and
mid-EBRT. Subjects were categorized into fatigue and no fatigue groups using a >3-point change
in FACT-F scores between the two time points. Multiple linear regressions analysed the
associations between fatigue and neurotrophic factors.

Results—FACT-F scores of 47 subjects decreased from baseline (43.95 + 1.3) to mid-EBRT
(38.36 £ 1.5, P< 0.001), indicating worsening fatigue. SNAPIN levels were associated with
fatigue scores (15 = 0.43, P=0.005) at baseline. A significant decrease of BDNF concentration (#
= 0.008) was found in fatigued subjects during EBRT (7= 39).

Conclusions—Baseline SNAPIN and decreasing BDNF levels may influence worsening fatigue
during EBRT. Further investigations are warranted to confirm their role in the pathophysiology and
therapeutics of fatigue.
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Fatigue associated with cancer and its therapies is a burdensome syndrome that is commonly
experienced by approximately 80% of patients undergoing cancer treatment (Horneber et al.
2012). The National Comprehensive Cancer Network (NCCN) describes fatigue as a
persistent, subjective sense of tiredness that interferes with usual functioning (Patrick et al.
2003). Generally, fatigue intensifies a week after cancer treatment initiation, and is
unrelieved by rest (Portenoy and Itri 1999). Importantly, fatigue negatively affects
patients’adherence to cancer treatment regimens and their overall quality of life (Morrow et
al. 2002).

Fatigue related to cancer and its therapy remains poorly managed and defined (Barsevick et
al. 2013). Its aetiology is thought to involve diverse physiological mechanisms with links to
anaemia, dysregulation of cytokines, adenosine triphosphate, hypothalamic—pituitary—
adrenal axis, serotonin, circadian rhythm disruption, or tumuor burden (Glaus et al. 1996;
Morrow et al. 2002). Fatigue is often associated with other symptoms such as depression,
but empirical evidence suggests that fatigue can be distinguished from depression when
persistent fatigue was reported by patients whose depression were in remission (Fava 2003;
Ferguson et al. 2014). These studies suggest that fatigue may have mutual psychological and
shared neuroanatomical pathways with other symptoms and distinct biological pathways to
explain its aetiology.

Neurotrophic factors are classically known as signalling molecules located in the soma of
neurons, which play an essential role in brain development, synaptic plasticity, memory, and
cognitive performance (Croll et al. 1998; Kaplan and Miller 2000; Tokuyama et al. 2000).
Several studies have shown the importance of neurotrophic factors in stress response for
neuroprotection and regulation of psychological behaviours (Allen and Dawbarn 2006). The
inflammatory response generated during stress stimulates physiological repair mechanisms
including activation of neurotrophic factors to enhance neuronal survival and modulate
immune function (Vega et al. 2003; Scuri et al. 2010). The role of neurotrophic factors in
immune modulation and neuroprotection makes them attractive therapeutic targets for
neurodegenerative conditions such as multiple sclerosis (Luhder et al. 2013), as well as for
complex syndromes such as chronic fatigue, when both pathways are considered major
aetiological players.

The physiologic roles of neurotrophic factors during irradiation have been reported in the
past, for example, the brain-derived neurotrophic factor (BDNF) was shown to be protective
against neuronal death from irradiation in animal studies (Kim and Zhao 2005). The glial-
derived neurotrophic factor (GDNF) has also been reported recently to mitigate the
functional damage induced by radiation therapy (Xiao et al. 2014). SNAPIN is reported to
maintain neuronal morphology and function (Cai and Sheng 2011), which are important for
optimal neurotransmission. Therefore, it is worthwhile to investigate the relationships of
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these neurotrophic factors in individuals who have clinical fatigue, but are not depressed,
while receiving repeated stress.

This study describes the association between changes in the plasma concentrations of
BDNF, GDNF, and SNAPIN with the initial intensification of fatigue in euthymic men with
non-metastatic prostate cancer (NM-PC) while receiving external beam radiation therapy
(EBRT). We hypothesized that declining levels of neurotrophic factors would worsen the
fatigue symptoms during EBRT, and that increasing the levels of neurotrophic factors over
time would reverse this experience.

Study participants were enrolled in an actively-recruiting National Institutes of Health (NIH)
Institutional Review Board (IRB)-approved protocol (NCT01143467). Informed written
consents were obtained from all study participants. Subjects were recruited from April 2009
to December 2013 at the Mark O. Hatfield Clinical Research Center, NIH, Bethesda, MD,
USA. Included in this study were male subjects, who were 18 years or older, with localized
prostate cancer with or without prior prostate surgery + androgen deprivation therapy, and
were scheduled to receive EBRT. Subjects with a progressive or unstable medical condition
causing clinically significant fatigue, chronic inflammatory disease, infectious disease,
depression or other major psychiatric condition within the past 5 years, other types of cancer
and receiving chemotherapy, or taking steroids, non-steroid anti-inflammatory medications,
or tranquilizers were excluded. Participants received in situ EBRT 5 days a week with an
average total dose of 68-75 Gray (Gy).

Measurements

Demographic and clinical characteristics of study participants are presented in Table I. All
study participants completed all study measures at baseline (day 0, prior to EBRT) and at
midpoint (19-21 sessions after EBRT initiation), which was the period when initial fatigue
intensification was found to peak in our previous study (Saligan et al. 2013). All participants
were evaluated using the Hamilton Depression Rating Scale (HAM-D; Moberg et al. 2001),
and the presence of depressive symptoms was considered an exclusion criterion. Fatigue was
measured by the highly reliable and valid Functional Assessment of Cancer Therapy-Fatigue
(FACT-F; Yellen et al. 1997). FACT-F scores range from 0 to 52, with higher scores
reflecting lower fatigue severity. A = 3-point decrease in FACT-F scores is considered
clinically-significant change in fatigue level (Cella et al. 2002); a 3-point change is a
minimally important difference in FACT-F score that is large enough to have implications
for a patient’s treatment of care (Wyrwich et al. 2005). To optimize the phenotypic
characterization of the study participants, subjects were grouped according to changes in
FACT-F scores from baseline to midpoint of EBRT: the fatigue group (increasing fatigue
severity, > 3-point decrease in FACT-F scores) and the no fatigue group (< 3-point decrease
in FACT-F scores).
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Biological samples

Whole blood samples were collected using EDTA tubes. Plasma was centrifuged
immediately after collection at 3000 rpm and 4°C for 10 min, divided into 250-ul aliquots,
and stored in —80°C freezers until batch analysis. Prior to analysis, frozen plasma samples
were thawed on ice and centrifuged at 1000 x g for 10 min at 4°C. Plasma GDNF, BDNF,
and SNAPIN concentrations were measured in duplicate from non-diluted plasma samples
according to manufacturer’s specifications listed in the Enzyme-linked immunosorbent
assay (ELISA) kits (MyBiosource, San Diego, CA). Each ELISA plate was read in a
microplate reader VICTOR3 at 450 nm, 0.1 s. Detection limits of the assay were as follows:
GDNF (0.05-10 ng/mL), BDNF (0.1-10 ng/ml, and SNAPIN (0.032-1.2 ng/ml). Intra-and
inter-assay variations (CVs) were <15%.

Statistical analyses

Results

Descriptive statistics were used to illustrate the demographic and clinical characteristics of
the sample. Changes in fatigue and neurotrophic factor levels were calculated by subtracting
the baseline from the midpoint levels. General linear models with repeated measures were
used to analyse changes in fatigue scores from baseline to midpoint of EBRT. Because data
were not normally distributed based on the Kolmogorov—-Smirnov test result, Wilcoxon sign
rank tests and Mann-Whitney U-test were used to compare the levels of neurotrophic factors
from baseline to day 21. Data are presented as median and mean + standard deviation.
Spearman’s rank correlation for non-normal distributed data was used to examine the
correlations of changes in fatigue and neurotrophic factor levels during EBRT in fatigued
and non-fatigue groups. All data analyses were conducted using SPSS 21.0 program (SPSS,
Chicago, IL, USA).

A total of 47 men, ages 49 to 81 years (63.09 + 12), with NM-PC, and scheduled to receive
EBRT were enrolled in the study. Figure 1 describes the flow diagram of patient enrollment
for this study. Nearly half (M= 23/47) had T2 (a—c) clinical stage of disease, with Gleason
scores ranging from 6 to 9, indicating that most participants had disease that had not spread
outside the prostate gland. Karnofsky performance scores of all participants indicate that
they are active and able to carry on all pre-disease activities without restrictions (Johnson et
al. 2014).

Fatigue assessment

Mean FACT-F scores at baseline (43.95 + 1.3) were similar to fatigue levels found in the
general population (Cella et al. 2002). FACT-F scores of the EBRT subjects significantly
decreased at midpoint of EBRT (38.36 + 1.5, = 0.001), reflecting worsening of fatigue
after 19-21 sessions (midpoint) of EBRT. FACT-F scores stayed lower than baseline at
completion of EBRT (39.48 + 1.4, £=0.003), but there was no significant difference in
FACT-F scores from midpoint to EBRT completion. To address the study objective, we
focused our investigation on the associations of the levels of neurotrophic factors and fatigue
at baseline and midpoint of EBRT study time points (Figure 2).
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Neurotrophic factors during EBRT

GDNF and SNAPIN showed similar levels at baseline (GDNF = 2.01 + 1.22, SNAPIN =
34.95 + 7.33) and at midpoint (GDNF = 1.49 + 0.8, SNAPIN = 34.95 + 8.72) of EBRT.
However, BDNF levels significantly decreased from baseline to midpoint of EBRT (Z=
-2.30, P=0.02) with moderate effect size (r=0.33) (Table II).

Correlations between fatigue and neurotropic factors

At baseline, SNAPIN levels were correlated with FACT-F scores (high SNAPIN levels were
associated with low fatigue symptoms, r; = 0.434, P=0.005). However, this association was
not observed at midpoint of EBRT (£ =0.13). GDNF and BDNF concentrations were not
associated with fatigue scores at any time point (Table I11). For participants with a clinically-
significant change in fatigue (7= 39), there was a significant decrease in BDNF levels (P =
0.008) after 19-21 sessions of EBRT. This was not observed for subjects in the no fatigue
group (n=8). No other significant change in plasma concentrations of the other
neurotrophic factors during EBRT was observed using the fatigue grouping (Table V).

Discussion

We observed declining BDNF levels in euthymic subjects who initially developed a
clinically significant change in fatigue symptoms during EBRT. This study showed the
potential role of BDNF in worsening fatigue, without the influence of depression, during
localized radiation therapy (RT) for non-metastatic cancer. It also highlights the relationship
of SNAPIN and fatigue before cancer therapy. The physiological implications of our
findings are discussed below. The novelty of this study is critical to understanding the
aetiology of fatigue related to RT.

Our findings highlight the role of neurotrophic factors (NTs) in worsening fatigue during
cancer therapy. NTs support neuronal survival and growth (Tyler et al. 2002). Moreover,
NTs strongly influence morphogenetic and chemotrophic effects on neurons and are key
modulators of synapses and synaptic structure and function (McAllister et al. 1995; Song et
al. 1997; Schuman 1999).

BDNF, which is one of the best-characterized NTs, plays a significant role in synaptic
plasticity and prevention of neuronal apoptosis (Autry and Monteggia 2012). Both of these
BDNF roles trigger a cascade of intercellular mechanisms that are components of adaptive
mechanisms that are critical to re-establish homeostasis in response to stress (Depperman et
al. 2014). Hence, BDNF is an attractive molecular mediator for the experience of symptoms
such as pain and depression, because these symptoms are thought to be contributed by
alterations in homeostasis (Coenen et al. 2011). For example, increasing low peripheral and
brain BDNF levels in depressed patients are often the preferred outcome for antidepressant
therapies (Sen et al. 2008; Guilloux et al. 2012). In pain studies, deleting BDNF or inhibiting
its actions reduces morphine-induced analgesia in an animal study (Sarhan et al. 2013). Our
findings suggest that BDNF may also play a role in the fatigue experience, because we
observed decreasing BDNF concentrations with worsening fatigue during EBRT. This
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association may be related to the body’s physiological response to repeated stress delivered
through incremental RT.

Stress regulates BDNF expression in the brain (Duman and Monteggia 2006). There is rapid
consumption of BDNF by the central nervous system during stressful situations (Chen et al.
2013), where it is seen as a neuroprotective response (Azoulay et al. 2005). BDNF is
involved with cellular growth and synaptic changes after stress exposure, which contributes
to long-lasting memory formation that is necessary to adapt and react to stressors
(Depperman et al. 2014). BDNF is particularly expressed in the hippocampus (Kuczewski et
al. 2009). Recent studies have shown that chronic stress leads to structural and functional
alterations in the hippocampus (Depperman et al. 2014), causing a decrease in BDNF
hippocampal levels (Lakshminarasimhan and Chattarji 2012). Reduced BDNF signalling
results in lowered synaptic plasticity and subsequent impairment in cognitive function (Suri
and Vaidya 2013). The results of our study suggest that low plasma levels of BDNF from
repeated stress delivered by daily doses of EBRT may influence the BDNF expression in the
hippocampus reducing hippocampal neurogenesis and subsequent hippocampal-dependent
performance, which may contribute to the experience of fatigue.

In addition, as an anti-apoptotic regulator, BDNF also has the ability to modify respiration
and increase respiratory control index to support metabolic changes and monitor overall
energy balance (Markham et al. 2012). Alterations in apoptotic regulation, such as reduction
in BDNF levels, may directly influence how the body perceives its overall energy balance
and fatigability, which may explain the fatigue intensification we observed in our subjects.
This fatigue is often described by oncology patients as a lack of energy, the need for
exaggerated effort to complete a task, and the need for greater rest periods (Hofman et al.
2007; Cheville et al. 2009).

We also found a significant correlation between SNAPIN concentration and fatigue before
EBRT, indicating that high SNAPIN levels are associated with reduced fatigue severity.
SNAPIN is a regulatory protein that is associated with the SNARE complexes (llardi et al.
1999) and is critical for efficient lysosomal function to maintain neuronal morphology and
function (Cai and Sheng 2011). High SNAPIN level translates into an effective
neuroprotection and synapse transmission thereby reducing severity of symptoms such as
fatigue. The loss of association between SNAPIN and fatigue at midpoint of EBRT may be
related to other mechanisms related to the radiation therapy-directed killing of prostate
cancer cells, where SNAPIN plays a major role in disturbing vesicular traffic, which is a
hallmark of prostate adenocarcinoma (Quintero et al. 2013).

Our population was enrolled from a tertiary research hospital and may not be generalizable
to the appropriate clinical population. Neurotrophic factors, including BDNF are secreted in
several tissues in the body. Our findings observed changes in the plasma concentrations of
neurotrophic factors, which may be limited to provide a more appropriate picture of the
biology behind a specific behaviour. However, further investigation of neurotrophic factors
including BDNF as potential biomarkers of CRF would be worthwhile to better inform
clinical management of this disabling symptom.
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Conclusion

Our findings suggest that BDNF may have a role in fatigue intensification during repeated
stress in nondepressed cancer patients. BDNF has been associated with other
neuroprotection and immune modulation, which are known pathways associated with
cancer-related fatigue. Understanding the physiological pathways of BDNF during chronic
stress may be informative to understand the aetiology of fatigue, especially related to cancer
therapy.
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Patients dropped out or withdrawn from
the study (n=5)

1. New metastatic diagnosis (n=2)
2. Non-compliance with study visits

A4

Patient completed the study
n=47

Figure 1.
Flow diagram of patient enrollment. Patients screened for the study were scheduled to be

treated with external beam radiation therapy for localized prostate cancer at a radiation
oncology clinic at the Clinical Center of the National Institutes of Health, Bethesda,
Maryland. Study eligibility were determined using inclusion and exclusion criteria.
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Mean Fatigue Scores (FACT-F)

S0.00
(Z=-2.979,p=.003)
I_ (Z=-3.590, p=.000)
45.00
4000 o —9
35.00 4
ww L L L
Baseine Midpoint Endpoint
(Day 21 of EBRT) (Day 42 of EBRYT)
Time points
Figure 2.

Fatigue scores during external beam radiation therapy. There is significant decrease in
fatigue scores (indicated by the standard scores or zscores) as measured by the Functional
Assessment of Cancer Therapy-Fatigue (FACT-F) scale from baseline to midpoint (day 21)
of external beam radiation therapy (EBRT, £=0.000) and from baseline to completion (day
42) of EBRT (P=0.003).
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Table |

Demographics and clinical characteristics of sample.

EBRT (N = 47)
Mean (SE) Range n (%)
Age in years 64.50 (1.11) 49-81
Ethnicity
Caucasian 30 (63.8)
African-American 11 (23.4)
Other 6 (12.8)
Clinical T stage
T1 (a—c) 14 (29.7)
T2 (ac) 26 (55.3)
T3 (ac) 7(15.0)
Gleason score
6 5 (10.6)
7 19 (40.4)
8 12 (25.5)
9 10 (21.3)
Others 1(2.1)
BMI 2981 (0.61)  22.9-40.7
Total Dosage EBRT (Gray)
66.0 1(2.1)
68.4 7(14.9)
75.6 39 (83.0)
PSA Levels (ng/ml)
Baseline 7.71(2.88) 0.01-104.0
Completion 0.34 (0.15) 0.01-4.84
Albumin levels (g/dl) 3.98 (0.07) 2.7-4.5
Testosterone (ng/dl) 252.32 (32.28) 20-536
TSH (UIU/mI) 2.01(0.21) 0.24-3.84
Hemoglobin (g/dI) 13.69 (0.16) 10.9-15.8
FACT-F score
Baseline 43.95 (1.28) 23-52
Midpoint (day 19-21) 38.36 (1.52) 16-52
Endpoint (day 38-42) 39.48 (1.45) 14-52
HAM-D score
Baseline 1.16 (0.24) 0-8
Midpoint (day 19-21) 2.22 (0.49) 0-13
Endpoint (day 38-42) 1.49 (0.20) 0-8

Page 12

Demographic and clinical characteristics of sample are presented as mean with standard error (SE), range, number (77) and percentage (%) of

subjects.
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BMI, body mass index; dl, decilitre; EBRT, external beam radiation therapy; PSA, prostate specific antigen; TSH, thyroid stimulating hormone.;
FACT-F, Functional Assessment of Cancer Therapy-Fatigue; HAM-D, Hamilton Depression scale.
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Table 111
Correlations between GDNF, BDNF, SNAPIN, and fatigue (N = 47).

Variables Fatigue (ro

Baseline Glial cell derived neurotrophic factor (GDNF) -0.097
Brain derived neurotrophic factor (BDNF) -0.197
SNARE-associated protein (SNAPIN) 0.4347*

Midpoint  Glial cell derived neurotrophic factor (GDNF) -0.263
Brain derived neurotrophic factor (BDNF) -0.158
SNARE-associated protein (SNAPIN) 0.120

Significant correlations (rs) in concentrations of neurotrophic factors and fatigue scores at each time point are indicated by Pvalue (**P< 0.01).
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