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Abstract

Background: The gut microbiota is an important modulator of immune, metabolic, psychological and cognitive
mechanisms. Chemotherapy adversely affects the gut microbiota, inducing acute dysbiosis, and alters physiological
and psychological function. Cancer among young adults has risen 38% in recent decades. Understanding
chemotherapy’s long-term effects on gut microbiota and psycho-physiological function is critical to improve
survivors’ physical and mental health, but remains unexamined. Restoration of the gut microbiota via targeted
therapies (e.g. probiotics) could potentially prevent or reverse the psycho-physiological deficits often found in
young survivors following chemotherapy, ultimately leading to reduced symptom burden and improved health.

Methods: This longitudinal study investigates chemotherapy induced long-term gut dysbiosis, and associations
between gut microbiota, and immune, metabolic, cognitive and psychological parameters using data collected at
< 2 month (T1), 3–4 months (T2), and 5–6 months (T3) post-chemotherapy. Participants will be 18–39 year old blood
or solid tumor cancer survivors (n = 50), and a healthy sibling, partner or friend as a control (n = 50). Gut microbiota
composition will be measured from fecal samples using 16 s RNA sequencing. Psychological and cognitive patient
reported outcome measures will include depression, anxiety, post-traumatic stress disorder symptoms, pain, fatigue,
and social and cognitive function. Dual-energy X-ray Absorptiometry (DXA) will be used to measure fat and lean
mass, and bone mineral concentration. Pro-inflammatory cytokines, C-reactive protein (CRP), lipopolysaccharide
(LPS), serotonin, and brain derived neurotrophic factor (BDNF) will be measured in serum, and long-term cortisol
will be assayed from hair. Regression and linear mixed model (LMM) analyses will examine associations across time
points (T1 – T3), between groups, and covariates with gut microbiota, cognitive, psychological, and physiological
parameters.
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Conclusion: Knowing what bacterial species are depleted after chemotherapy, how long these effects last, and the
physiological mechanisms that may drive psychological and cognitive issues among survivors will allow for
targeted, integrative interventions to be developed, helping to prevent or reverse some of the late-effects of
treatment that many young cancer survivors face. This protocol has been approved by the Health Research Ethics
Board of Alberta Cancer Committee (ID: HREBA.CC-19-0018).
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Background
The digestive tract is the most densely colonized micro-
bial ecosystem in the body. The bacteria that make up
the majority of this ecosystem (in addition to fungi, vi-
ruses and archaea) are important for immune, metabolic,
psychological and cognitive function. A disruption in the
microbiota, termed dysbiosis may induce aberrant
neurophysiological function and behaviour [1], such as
increased anxiety and depressive behaviour [2] as well as
impaired immune function characterized by increased
systemic inflammation in humans and rodent models [3,
4]. Dysbiosis-induced systemic inflammation can inde-
pendently and bidirectionally activate or exacerbate
stress circuits, most notably the hypothalamic-pituitary-
adrenal (HPA)-axis, via the vagus nerve [2, 5].Cancer
treatments, especially chemotherapy, can drive microbial
dysbiosis in the gut [6], alter immune, metabolic and
HPA-axis function [7], as well as cause psychological
and cognitive perturbations both acutely and, potentially
in the longer-term [8, 9].
The incidence of cancer among young adults has risen

nearly 40% in recent decades [10]. Early adulthood is an
important period for psychological and cognitive devel-
opment, which is influenced by biological and environ-
mental factors, including the gut microbiota [11].
Understanding chemotherapy’s long-term effects on the
gut microbiota and subsequent relationships with im-
mune, metabolic, psychological and cognitive outcomes
is of critical importance in order to improve young adult
cancer survivors’ physical and psychosocial health, but
remains unexamined. Therefore, based on the following
model (Fig. 1), we plan to investigate whether chemo-
therapy treatments are related to long-term gut micro-
biota dysbiosis, and subsequent associations with
immune, metabolic, psychological and cognitive
outcomes.

Cancer in young adults
The incidence of cancer among young adults has dra-
matically increased in recent decades [10], with over
8000 young Canadians diagnosed annually [12]. Between
1992 and 2013 the incidence of cancer has increased
among young Canadian’s aged 15 to 29 by 18.2, and
11.9% among 30 to 39 year olds [12]. Considering their

age at diagnosis, young adults experience unique per-
sonal, physical, and socioeconomic challenges through-
out their cancer experience [12, 13]. As most young
adult survivors are exposed to toxic therapies (e.g.
chemotherapy) many will face years of chronicity living
with treatment-related physical and psychosocial side-
effects. For instance, Asher [14] reports that executive
functioning, attention, concentration, processing speed,
reaction time, motor speed and dexterity were the cogni-
tive domains most frequently associated with chemo-
therapy induced cognitive impairment in all cancer
populations. Additionally, Seitz et al. [15] examined the
prevalence of posttraumatic stress, depression and anx-
iety among young adult survivors (n = 820) of adolescent
cancer with a mean current age of 30.4 years [15]. They
found that 90.5% cancer survivors had received chemo-
therapy, and 22.4% reported clinical symptoms of post-
traumatic stress, anxiety and/or depression compared to
only 14.0% of controls [15]. Posttraumatic stress symp-
toms in both male and female survivors were found to
be more than three times that of controls [15]. Further-
more, female survivors reported symptoms of depression
and anxiety significantly more often than controls, and
24.3% of the survivors met DSM-IV criteria for at least
one mental disorder, relative to only 15.3% of the con-
trols [15]. Indeed, the increased prevalence of young
adult cancers in conjunction with the improved survival
rates has resulted in a large group of survivors facing
years of chronicity, unique challenges, and specific needs
emerging from their cancer experience.

Chemotherapy and gut microbiota
While the detrimental effects of chemotherapy on psy-
chosocial and cognitive function are established, evi-
dence for the underlying physiological mechanisms and
system interactions that drive the psychological and cog-
nitive impairments remains limited. The gut-brain axis
refers to a bidirectional communication system within
an organism that enables gut microbes to communicate
with the brain and vice versa via neural, endocrine, im-
mune and metabolic pathways [4, 16]. The role of the
gut-brain axis in the context of the young adult is a crit-
ical consideration, since environmental toxins can inter-
fere with normal development, potentially increasing
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individuals’ risk for developing psychiatric disorders such
as depression and anxiety, which typically develop dur-
ing adolescence and young adulthood.
Chemotherapy has been shown to adversely affect the

gut microbiota in both pediatric and adult cancer co-
horts. For example, Huang et al. [17] investigated
changes in gut microbiota among 36 children with acute
lymphoblastic leukemia (ALL) before and after receiving
high-dose methotrexate chemotherapy, finding that the
total gut microbial content in fecal samples decreased by
29.6%, relative to healthy controls, with significant re-
ductions in Bifidobacteria, Lactobacillus and E. coli [17].
Furthermore, using a pre-post-measure design, Montas-
sier et al. [18] examined 28 adult non-Hodgkin’s lymph-
oma patients treated with chemotherapy to assess the
functional mechanisms of the gut microbiota in mediat-
ing the pathophysiology of mucositis. Mucositis is a con-
dition characterized by painful inflammation and
ulceration of the mucous membranes lining the digestive
tract, affecting 70% of patients following chemotherapy

[18, 19]. Significant decreases in Firmicutes and Actino-
bacteria, and increases in the abundance of Proteobac-
teria were observed alongside a reduced capacity for
nucleotide, energy and vitamin metabolism, suggesting
that chemotherapy induces severe compositional and
functional imbalance in the gut microbiome that is asso-
ciated with gastrointestinal mucositis [18]. While recent
research demonstrates that chemotherapy is acutely as-
sociated with dysbiosis, research has not yet examined
whether these effects persist in the longer-term (i.e. over
months) following the cessation of chemotherapy.
Therefore, as part of this study we will conduct a novel
examination of the longer-term effects of chemotherapy
on gut microbiota up to 6-months post-chemotherapy.

Gut microbiota, immune function, the HPA-axis and
chemotherapy
The gut-brain axis exerts regulatory effects on immune
function and behaviour. Indeed, previous research has
found that under certain conditions the protective

Fig. 1 Chemotherapy Driven Dysbiosis of the Microbiota-Gut-Brain Axis. The Chemotherapy Driven Dysbiosis of the Microbiota-Gut-Brain Axis
model posits that chemotherapy given to young cancer patients induces long-term gut dysbiosis, increasing intestinal permeability (i.e. “leaky
gut”), which allows bacterial toxins, such as lipopolysaccharide (LPS), to enter the blood stream. This subsequently leads to systemic inflammation
via increases in pro-inflammatory cytokines, especially IL-6, IL-1b, and TNF-a, and C-reactive protein, as well as dysregulation of the HPA-axis. This
creates a feedback loop in which inflammatory mechanisms trigger the stress response to increase systemic cortisol, feeding back into the
immune system to exacerbate levels of inflammation. Gut microbiota dysbiosis and dysregulation of the immune system and HPA-axis attenuate
levels of serotonin (5-HT) and brain derived neurotrophic factor (BDNF), which then work in tandem to induce changes in psychological and
cognitive function, including increased symptoms of anxiety and depression (i.e. “sickness behaviours”), pain, fatigue, and social and cognitive
deficits. Finally, gut dysbiosis, immune, and HPA-axis dysregulation may also augment patients’ vulnerability to increased adipose tissue, and
subsequent overweight and obesity, further compromising their health
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epithelial layer in the gut can become compromised
leading to increased intestinal permeability and conse-
quently increased systemic circulation of the bacterial
endotoxin, lipopolysaccharide (LPS), a component of the
cell wall of Gram-negative bacteria [11, 20]. This “leaky
gut” results in a peripheral inflammatory immune re-
sponse, such that systemic levels of pro-inflammatory
cytokines are increased [20], inducing sickness behav-
iours [21].
The potential for gut microbiota to affect the immune

system and inflammatory mechanisms is a critical consid-
eration in the context of anxiety and depression, as in-
flammation has been implicated as a driving factor in
depressive illness [3, 22]. Behaviours indicative of sickness
include lethargy, depression, anxiety, anorexia, social with-
drawal and isolation, and have consistently been associ-
ated with augmented levels of pro-inflammatory
cytokines, especially tumour necrosis factor alpha (TNF-
α), interleukin 6 (IL-6), and interleukin 1 beta (IL-1ß) [21].
Additionally, studies involving Interferon alpha (INF-α)
treatment for melanoma patients often report the develop-
ment of cytokine induced depressive symptoms and sick-
ness behaviours following INF-α treatment [23].
The HPA-axis may also play a role in mediating gut-

brain axis functions. Previous studies have shown that
gut bacteria can activate stress circuits via the vagus
nerve [2], which modulates gut-brain axis function, sub-
sequently affecting behaviour [5]. Corticotrophin releas-
ing factor (CRF), a stress-related neuropeptide, is highly
associated with gut-brain axis functioning [24]. Further-
more, results from human and animal studies have
found that increased systemic inflammation (e.g. aug-
mented pro-inflammatory cytokines from endotoxemia)
is associated with increased levels of adrenocorticotropic
hormone (ACTH) and cortisol, further implicating the
role of immune function in moderating HPA-axis func-
tion [25]. As evidence continues to accumulate demon-
strating that the gut-brain axis contributes to
physiological function and affective behaviour related to
the HPA-axis and immune system, it is important to
consider the potential bi-directional communication be-
tween these systems, particularly in the context of
disease.
Chemotherapy has been associated with increased in-

testinal wall permeability, mucositis, and the onset of a
systemic inflammatory immune response, dysregulation
of the HPA-axis, and subsequent manifestation of sick-
ness behaviours [11, 20, 21]. Gut microbiota may play a
role in mediating such effects [7]. Moreover, in addition
to adversely affecting the gut microbiota, chemotherapy-
induced mucositis is also associated with significant
elevations in systemic pro-inflammatory cytokines, espe-
cially IL-1ß and IL-6 [26], which are accompanied by in-
creased symptoms of pain, anxiety, and depression [27].

As such, the potential disruption of normal physiological
and psychological development among young cancer
survivors and the role of gut microbiota in moderating
such changes is of particular concern, as many survivors
face lifelong health challenges following a cancer experi-
ence, which is why these immune and metabolic compo-
nents have been included within our study.

Gut microbiota, and psychological and cognitive function
Gut microbiota dysbiosis has been implicated in cogni-
tive and psychological deficits. Previous studies demon-
strate that alterations in gut microbiota can affect both
anxiety and depressive behaviour in animals and humans
[2, 28–31]. Neurotransmitter dysregulation is widely im-
plicated in depressive illness, and certain neurotransmit-
ters including serotonin (5-HT), dopamine, GABA
(gamma-Aminobutyric acid), and noradrenalin, are af-
fected by the gut microbiota [4, 32]. This is an important
consideration given that neurotransmitters, especially
serotonin as it participates in mood regulation, are im-
plicated in the neurological dysregulation observed in
depressed patients [33] and cancer survivors frequently
experience comorbid depression following a cancer ex-
perience [15]. Furthermore, a small but growing body of
pre-clinical evidence suggests that the gut-brain axis also
plays a role in cognitive function, including spatial learn-
ing and working memory [34], and alterations in brain
derived neurotrophic factor (BDNF) expression in re-
gions of the brain that are associated with specific cogni-
tive functions (e.g. the hippocampus, which is involved
in learning and memory) [34, 35].
While the majority of evidence stems from animal re-

search, some human studies have also shown associa-
tions between the gut microbiota, and psychological and
cognitive function. For instance, Prehn-Kristensen et al.
[36] investigated the gut microbiota composition of 14
male attention deficit hyperactivity disorder (ADHD) pa-
tients compared with healthy male controls, and found
that alpha diversity of ADHD patients was significantly
decreased, and augmented levels of Bacteroidaceae, and
both Neisseriaceae and Neisseria spec. Were identified as
potential biomarkers for the ontogeny of juvenile ADHD
[36]. Additionally, Naseribafrouei et al. [37] examined
associations between human fecal microbiota and de-
pression in 55 adults (37 patients versus 18 controls),
finding that Bacteroidales were overrepresented, while
Lachnospiraceae species were underrepresented among
depressed patients. Additionally, the Oscillibacter genus,
of which valeric acid is the main metabolic end product
and a homolog of the neurotransmitter GABA, a neuro-
transmitter implicated in major depressive disorder, was
also correlated with depression [37].
Furthermore, in a triple-blind, placebo-controlled, ran-

domized, pre- and post-intervention study with 40

Deleemans et al. BMC Cancer         (2019) 19:1243 Page 4 of 11



healthy participants, Steenbergen et al. [29] investigated
the effects of a multispecies probiotic versus a placebo
control on cognitive reactivity to sad mood. Participants
who received the 4-week probiotic intervention showed
a significant attenuation in overall cognitive reactivity to
sad mood, which appeared to be a function of reduced
rumination and aggressive thoughts [29]. Finally, Hili-
mire et al. [28] conducted a cross-sectional study with
710 young adults to examine whether consumption of
fermented foods, which contain probiotics, interacts with
neuroticism to predict social anxiety symptoms, using
self-reported measures of fermented food consumption,
neuroticism, and social anxiety [28]. For individuals
reporting high traits of neuroticism, greater consump-
tion of fermented food was associated with fewer symp-
toms of social anxiety, suggesting that fermented foods
containing beneficial probiotic bacteria may exert pro-
tective effects against social anxiety symptoms for young
adults with higher trait neuroticism [28]. Although the
underlying mechanisms mediating these cognitive-
behavioural effects remain to be elucidated, it is plaus-
ible that alterations in gut microbiota resulting from
dietary supplementation with health promoting bacteria
play a role.
Chemotherapy has been associated with cognitive and

psychological impairments [14, 15]. For example, Prasad
et al. [38] examined associations between neurocognitive
dysfunction and psychosocial outcomes on the achieve-
ment of social milestones among adult survivors of ado-
lescent and early young adult (AeYA) cancer who had
been diagnosed between 11 to 21 years of age. Relative
to healthy siblings, AeYA survivors’ were more likely to
experience neurocognitive dysfunction in domains re-
lated to task efficiency, emotion regulation, and memory,
were less likely to be married or employed, and reported
greater levels of emotional distress characterized by anx-
iety, somatization, and depression [38]. Given this, the
potential role of gut microbiota in mediating or moder-
ating chemotherapy’s effects is an important direction
for novel investigation. Such knowledge will help us to
better understand the ontogeny of cognitive and psycho-
logical deficits in young cancer survivors, while also pre-
senting new opportunities for targeted interventions
perhaps via prebiotic and/or probiotic supplementation
of key health promoting bacteria that may be depleted
following chemotherapy.

Cancer, gut microbiota and obesity
Findings regarding associations between gut microbiota
and obesity also hold implications related to body com-
position among young adult cancer survivors who tend
to be more overweight and obese relative to healthy
peers. For example, recent data from a sample of 49
young adult survivors of adolescent cancer found that

over 57% of these survivors were overweight or obese,
which is higher than the national average [39], and con-
sistent with previous research on obesity in adolescent
and young adult (AYA) cancer survivors [40]. In human
and animal studies, diet and/or antibiotic induced gut
microbiota dysbiosis has been shown to play a strong
role in the development of obesity [41–44]. Given the
established link between obesity and gut microbiota dys-
biosis [45], it is possible that chemotherapy may ad-
versely affect metabolic processes mediated by the gut
microbiota, resulting in an increased risk for young adult
cancer survivors to become overweight or obese. How-
ever, additional research is needed to examine the po-
tential relationship between chemotherapy, gut
microbiota, and fat mass among young cancer survivors;
a rationale for our inclusion of these elements in our
study.

Present study
The objectives of the present study are to investigate

i. Whether chemotherapy is related to long-term at-
tenuation of gut microbiota alpha diversity (i.e. gut
dysbiosis, and which species differ significantly be-
tween patients and healthy controls);

ii. Associations between gut microbiota, body
composition (i.e. fat mass and lean mass, body fat
percentage, and bone mineral concentration),
inflammatory cytokine biomarkers (IL-6, IL-1B,
TNF-a, IL-10), C-reactive protein (CRP), lipopoly-
saccharide (LPS), serotonin (5-HT), brain derived
neurotrophic factor (BDNF), and cortisol;

iii. Associations between gut microbiota, and
psychological and cognitive outcomes including
anxiety, depression, PTSD symptoms, pain, fatigue,
and social and cognitive functioning;

iv. Relationships between demographic and clinical
factors, gut microbiota, and physiological,
psychological and cognitive outcomes for survivors.

We hypothesize that:

i. Chemotherapy will be associated with significant
reductions in gut microbiota alpha diversity at all
time points, and relative to healthy controls;

ii. Gut dysbiosis will be associated with increased risk
for overweight/obesity, elevated pro-inflammatory
cytokines, CRP and LPS, reduced serotonin and
BDNF, and augmented levels of cortisol in
survivors;

iii. Gut dysbiosis will be associated with increased
anxiety, depression, PTSD symptoms, pain, fatigue,
and social and cognitive deficits in survivors;
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iv. There will be relationships between certain clinical
factors (e.g. mucositis, antibiotic use), gut
microbiota alpha diversity, and physiological,
psychological and cognitive outcomes.

Methods and design
Participants
Inclusion criteria for survivors

1. Currently between 18 to 39 years of age
2. Diagnosed with a blood cancer or solid tumor
3. Received chemotherapy
4. Currently within 6 months of final chemotherapy

treatment
5. Stages I – IV including metastatic, IF patient is off

chemotherapy treatment and stable
6. English speaking
7. Access to an electronic device (i.e. computer, tablet,

smart phone) with in internet connection

Exclusion criteria for survivors

1. CNS or colorectal cancer tumor diagnosis
2. Recipient of an allogenic stem cell transplant
3. Women who are pregnant
4. Having taken antibiotics within 1 month prior to

fecal collection
5. Diagnosis of a significant cognitive or

developmental delay that precedes cancer diagnosis
(e.g. down syndrome, ASD)

Inclusion criteria for control participants

1. Currently between the ages of 18 to 39
2. Be a sibling, individual cohabiting with the patient

(e.g. roommate, partner), or close friend
3. English speaking
4. Access to an electronic device (i.e. computer, tablet,

smart phone) with in internet connection

Exclusion criteria for control participants

1. Having taken antibiotics within 3 months prior to
fecal collection

2. Personal history of cancer
3. Current diagnosis/medication treatment for anxiety

and/or depression
4. Diagnosis of irritable bowel syndrome/disease
5. Women who are pregnant
6. Diagnosis of a significant cognitive or

developmental condition (e.g. down syndrome,
ASD)

Sample size and power Target sample sizes of at least
n = 50 cancer survivors and n = 50 healthy controls were
selected based on sample sizes from previous studies on
gut microbiota in cancer patients [17, 18] and practical
considerations given the timeline and availability partici-
pants. With this sample size (n = 100 total), a medium
effect size for group differences (Cohen’s d = 0.5, esti-
mated with a power of 0.80, alpha = 0.05) can be de-
tected using a one-sided test of the primary hypothesis
that cancer survivors will have lower alpha diversity rela-
tive to controls [46].

Recruitment Participants will be recruited in Calgary,
Alberta from the Tom Baker Cancer Center, via social
media and local advocacy groups, and by mail-out
through the Alberta Cancer Registry. Patient referral and
consent to contact forms will be provided to oncologists.
Recruitment posters will be posted at relevant sites, and
a digital copy of the poster will be shared on social
media platforms.

Demographics and clinical data
Clinical and demographic factors including current age,
age at diagnosis, income, occupation, ethnicity, educa-
tion, living arrangements, cancer diagnosis and treat-
ments received, history of treatment related mucositis,
current diet and exercise regimes, bowel habits, gluco-
corticoid medication, antibiotic, and probiotic use within
the last 2 years, smoking, birth delivery mode (i.e. caesar-
ian section vs. vaginal), and breastfeeding during infancy
will be collected as these variables are known to impact
the gut microbiota.

Gut microbiota profiling
Investigators will provide participants with a stool col-
lection kit and instructions for collecting samples. Stool
samples will be collected into a sterile conical tube and
placed in a biohazard bag that will be stored in the par-
ticipant’s freezer until the date of their appointment (up
to 3 days). Samples will be brought to the University of
Calgary on ice and stored at − 80 °C until processed. Mi-
crobial profiling will be carried out according to our pre-
viously published protocol [42]. Bacterial DNA will be
extracted from stool samples using a FastDNA spin kit
for feces (MP Biomedicals, Santa Anna, CA, USA) and
the V3-V4 region sequenced by the Centre for Health
Genomics and Informatics (University of Calgary) using
the Illumina 16S rRNA sequencing platform. Sequencing
data from MiSeq will be demultiplexed and converted to
fastq format using Illumina’s bcl2fastq software. Primers
will be removed from reads using CutAdapt and initial
quality trimming performed. Following primer removal,
length sequences of shorter than 10 base pairs will be re-
moved, and the quality trimming threshold set at Q20. R
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package DADA2 will be used for sequence/OTU cluster-
ing. Chimeric sequences will then be removed, and taxo-
nomic assignment performed using the RDP classifier
and RDP database as reference. Further downstream
analysis will be performed using Phyloseq R package.
The Shannon and Simpson index will be used to meas-
ure alpha diversity. Non-metric multidimensional scaling
(NMDS) on Bray-Curtis dissimilarity matrix will be used
to evaluate beta diversity. Differential abundance analysis
between groups will be carried out using the LEfSe algo-
rithm [47], with an alpha = 0.05 to determine signifi-
cance of differentially abundant features.

Metabolic and anthropomorphic outcomes
Body composition will be measured using dual-energy-x-
ray absorptiometry (DXA) [48]. Specifically, fat mass,
lean mass, body fat percentage, and bone mineral con-
centration will be quantified using whole-body dual-
energy x-ray absorptiometry (DXA; Hologic QDR 4500;
Hologic, Inc., Bedford, MA), which is a valid and reliable
measure of body composition in healthy adolescents and
adults, as well as cancer patients [48, 49].

Biomarker outcomes
Pro-inflammatory cytokines interleukin 6 (IL-6), interleu-
kin 1 beta (IL-1ß), and tumour necrosis factor alpha
(TNF-α), anti-inflammatory cytokine interleukin 10 (IL-
10), and C-reactive protein (CRP) will be measured in
serum using MesoScale multiplexing [50], in consider-
ation of the robust plate to plate reproducibility over
time and the dynamic range with a lower limit of detec-
tion in the sub picograms per milliliter (i.e. pg/mL)
range.
BDNF will be assayed from blood serum using Meso-

Scale multiplexing [50], in consideration of the robust
plate to plate reproducibility over time and the dynamic
range with a lower limit of detection in the sub pico-
grams per milliliter (i.e. pg/mL) range.
Serotonin will be measured using Serotonin ELISA

(enzyme-linked immunosorbent assay) kits from Enzo
Life Sciences [51] according to manufactures instruc-
tions. The ELISA is a plate-based assay technique de-
signed for detecting and quantifying substances,
including neurotransmitters and proteins.
Lipopolysacchide (LPS), a gram-negative bacterial

endotoxin associated with intestinal permeability,
systemic inflammation, and sickness behaviours, will
be measured from serum using MesoScale multiplex-
ing [50].
Cortisol will be analyzed using hair samples, which

provide a reliable and valid measure of long-term corti-
sol activity [52, 53]. Hair cortisol will be quantified using
liquid chromatography tandem mass spectrometry, and
is reported to be more representative of total cortisol

production relative to single saliva or serum measures,
allowing us to quantify cortisol production over an ex-
tended period of time.

Psychological and cognitive measurement
Post-Traumatic Stress symptoms will be measured using
the Impact of Events Scale. Depression, anxiety, pain be-
haviour, fatigue, cognitive function, and social isolation
will be measured via the NIH Patient-Reported Out-
comes Measurement Information System (PROMIS).
PROMIS is a set of person-centered measures that eval-
uates physical, mental, and social health, and is a valid
measure of psychosocial outcomes among young adult
cancer patients [54]. Details of these measures can be
found in Table 1. An objective measure of executive
function will also be collected using the Sustained Atten-
tion to Response Task (SART) is a computer-based go/
no-go task that is designed to measure working memory,
sustained attention, and impulse/inhibitory control [55],
cognitive deficits that are frequently experienced by sur-
vivors who have received chemotherapy. The SART eval-
uates participants’ ability to withhold behavioral
response to a single, infrequent target presented against
a background of frequent non-targets [55]. Participants
are asked to respond by pressing a button or the space-
bar key after seeing the non-target on the screen and to
inhibit their response to seeing the target. This task re-
quires participants to be attentive to their responses,
such that, at the appearance of a target, they can over-
ride the dominant motor response and substitute the
directly antagonistic response (i.e. withhold button
press). This study will use the online version of the
SART, delivered through the Inquisit web software pro-
vider Millisecond.com. In this version of the task, a prac-
tice block (~ 30 s) is followed by two blocks (~ 3min
each), totaling approximately 6 min to complete the
SART task.

Procedure
Once identified, participants will be contacted by tele-
phone or email to further verify inclusion and exclu-
sion criteria, to obtain written informed consent, and
schedule their first appointment. We will aim to as-
sess participants at 3 different time points: < 2 months
(T1), 3/4 (T2) and 5/6 (T3) months post chemother-
apy, with healthy controls ideally being tested on the
same day or within 5 days from when the patient is
tested.
Participants will then receive a package via mail or in

person, with instructions and materials for stool sample
collection, and a link to fill out the self-report question-
naires, and demographic and clinical data online using
REDCap. REDCap is a free, secure, browser-based appli-
cation designed to support Electronic Data Capture for
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research studies provided through the Clinical Research
Unit in the Cumming School of Medicine at the Univer-
sity of Calgary. Medical charts will also be accessed to
confirm information regarding cancer diagnosis, treat-
ment, glucocorticoid and antibiotic medication use, and
mucositis.
Participants will be instructed to collect stool samples

at home which can be stored in a freezer up to 3 days
prior to their appointment, and to complete their online
questionnaires prior to the appointment. On the day of
their appointment, we will collect their stool sample
from them. Participants will then be taken to have a hair
sample collected for cortisol analysis (approximately 10
min), complete the cognitive task (i.e. the SART) on a
computer (approximately 6 min), and complete their
DXA scan (approximately 10 min), and have their blood
drawn for serum biomarker analyses (approximately 10
min). This whole process should take approximately 45
min. Participants’ T2 and T3month follow-up appoint-
ments will be scheduled at each subsequent visit and the
procedure will be the same with respect to psychological
and cognitive measures completed online, followed by
their in person testing and biological sample collection.
Participants will be provided a voucher for parking, and
may choose from compensation in the form of either
$30 at the end of the study or a pass to a fitness class
after each appointment (they will have options to choose
from in advance). If desired, participants will also receive
a package with their individual results summarized and
interpreted at the end of the study.

Data analysis
Objective 1 will examine whether chemotherapy is re-
lated to long-term gut dysbiosis as indicated by reduced
alpha diversity in patients relative to controls, and from
time points 1 through 3. Gut microbiota alpha diversity
will be evaluated with the Shannon and Chao1 indexes
using QIIME. To further examine differences in bacterial
composition between the groups, LEfSe (linear discrim-
inant analysis effect size) will be used to evaluate differ-
ential abundance between patients and controls,
allowing us to identify the key bacteria that contribute
most to the chemotherapy group having different bac-
teria relative to healthy controls. Linear Mixed Model-
ling (LMM) analyses will be used to examine differences
across time and between groups. Group (survivors vs.
healthy controls) and time (T1 – T3) will be fixed fac-
tors and individual subject will be a random factor.
Objective 2 will first test group differences in gut

microbiota, cytokines, LPS, 5-HT and BDNF, cortisol,
and body composition using LMM as described above.
We will test the interplay between the physiological sys-
tems of our model by examining associations between
the gut microbiota, cytokines, LPS, 5-HT and BDNF,
cortisol, and body composition using univariate correla-
tions. Then multivariate regression models regressing
cytokines, cortisol and body composition on gut micro-
biota diversity will be conducted, including variables that
showed significant univariate correlations in the model-
ling. Covariates included theoretically based on the lit-
erature will include type of cancer diagnosis (i.e. blood

Table 1 Psychological and Cognitive Measures

Outcome Measure Scoring Statement Example

Depression PROMIS - Ca Item Bank v1.0 - Emotional Distress -
Depression questionnaire: 30 items assessing
presence and severity of depression

Patient rated on 5 point scale
from “never” (1) to “always” (5)

“In the past 7 days… I felt helpless”

Anxiety PROMIS - Ca Item Bank v1.0 - Emotional Distress -
Anxiety questionnaire: 22 items re: symptoms of
anxiety

Patient rated 5 point scale
from “never” (1) to “always” (5)

“In the past 7 days… my worries
overwhelmed me”

Post-Traumatic
Stress Disorder
(PTSD) symptoms

Impact of Life Events Scale: 22 items divided into 3
subscales that include avoidance, intrusion, and
hyper-arousal. Evaluates symptom presence,
severity, and degree of impairment

Patient rated 5 point scale
from “not at all” (0) to
“extremely” (4)

“How distressing has each difficulty been for
you during the past 7 days with respect to
cancer… I had trouble staying asleep”

Social Isolation PROMIS Item Bank v2.0 - Social Isolation 14 item
Short Form: evaluates feelings about perceived
social isolation

Patient rated on a 5 point
scale from “never” (1) to
“always” (5)

“I feel isolated from others”

Pain Behaviour PROMIS: Item Bank v.2.0 – Pain Behavior scale:
20 items evaluating behaviours related to pain

Patient rated from “Had no
pain” (x), Never (1) to “Almost
Always” (5)

“In the past 7 days, when I was in pain… I
took medication for the pain”

Fatigue PROMIS: Item Bank v1.0 - Fatigue - Short Form 8a
scale: 8 items re: fatigue frequency and intensity

Patient rated on a 5 point
scale from 1 (Not at all or
Never) to 5 (Very much
or Always)

“In the past 7 days… how run-down did
you feel on average?”

Cognitive
Function

PROMIS: Item Bank v2.0 – Cognitive Function:
32 items re: cognitive function including
frequency and severity of cognitive concerns

Patient rated on a 5 point
scale from “very often (several
times a day)” (1) to “never” (5)

“In the past 7 days… I have had trouble
concentrating”
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or solid tumor), history of mucositis, glucocorticoid
medication, antibiotic, and probiotic use, birth delivery
mode, and breastfeeding in infancy.
Objective 3 will first test group differences in cognitive

and psychological parameters, gut microbiota diversity,
and levels of 5-HT and BDNF using LMM as described
above. We will test the relationships between gut micro-
biota, 5-HT and BDNF, and cognitive and psychological
parameters using univariate correlations. Then multi-
variate regression models regressing psychological and
cognitive parameters on gut microbiota diversity will be
conducted, including variables that showed significant
univariate correlations in the modelling. Covariates in-
cluded theoretically based on the literature will as speci-
fied in objective 2.
Objective 4 will explore relationships between clinical

factors and all dependent variables, first using univariate
correlations, followed by multivariate regression model-
ling to examine associations between cancer survivors’
clinical and demographic factors, and the dependent var-
iables of gut microbiota alpha diversity and differential
species composition, physiological parameters (i.e. cyto-
kines, LPS, 5-HT, BDNF, and cortisol), body compos-
ition, and psychological and cognitive outcomes.

Discussion
Using the Microbiota-Gut-Brain Axis model and the
biopsychosocial framework, this research aims to eluci-
date the long-term effects of chemotherapy on gut
microbiota, and psychological, cognitive, metabolic, and
immune outcomes in young adult cancer survivors.
Moreover, this study will allow us to systematically ex-
plore and validate aspects the novel model proposed
here; the Chemotherapy Driven Dysbiosis of the
Microbiota-Gut-Brain Axis Model.
The design of this study is not without its limitations

and we have taken steps to reduce potential confounds
and bias. Although the sample size of this study is rela-
tively small, it is comparable to other studies examining
the effects of chemotherapy on gut microbiota, and taking
into account feasibility, this sample size will produce ad-
equate statistical power. Furthermore, while most studies
typically require participants to have not taken antibiotics
for at least 3months prior to fecal collection, we have set
the required time at 1 month. This is to account for the
health status of the clinical population, tight timing be-
tween follow-up appointments, and to reduce potential at-
trition. Although colorectal cancers do frequently occur in
young adults, we have chosen to exclude this specific diag-
nosis type from our sample as previous research suggests
that specific changes in gut microbiota may be involved in
the onset and/or progression of colorectal cancer [56, 57],
and therefore present a potential confounding variable.
Taking into consideration that the first data collection

time point is very close to the final chemotherapy treat-
ment, it is possible that hair sample collection may not be
feasible for all patients, in which case hair samples may
only be collected at time points 2 and 3 for some patients.
However, this should still allow us to examine changes in
cortisol over 3-4 and 5- 6months post-chemotherapy
since hair cortisol allows for retrospective cortisol quanti-
fication. Finally, as this novel study is exploratory in na-
ture, we think that the methodological plan outlined will
provide a rich and varied data set with which we will be
able to answer our research questions. This knowledge
will ultimately be used to inform future, larger studies
and, most importantly, interventions.

Conclusion
Knowing what bacterial species are depleted after
chemotherapy, how long these effects last, and the
physiological mechanisms that may drive psychological
and cognitive issues among survivors is a crucial step
forward in gut microbiota and young adult cancer re-
search. Understanding the bio-behavioural mechanisms
that drive psychological and cognitive dysfunction
among survivors will allow for tailored interventions to
be developed. Future studies can aim to aid cancer pa-
tients and survivors by co-administering specific health
promoting bacteria (i.e. probiotics), with the potential of
preventing or reversing physical and mental health issues
that many young survivors face.
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