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Symptom Experience and Correlation 
 with Fecal microbiota In Colorectal Cancer Survivors 

 
BACKGROUND 

 
Colorectal cancer (CRC) is the third most commonly diagnosed cancer among both men and 
women worldwide including the United States (US) (Siegel, Miller, & Jemal, 2019). While 
early diagnosis and advanced treatment have increased CRC survival rates, many 
individuals live with long-term side effects after cancer treatment (Drury, Payne, & Brady, 
2017; Tantoy, Cataldo, Aouizerat, Dhruva, & Miaskowski, 2016). Despite increasing long-
term survival rates, CRC survivors are often plagued by persistent symptoms including 
fatigue, psychological distress, and gastrointestinal (GI) symptoms (Rasmussen et al., 
2015). These symptoms often co-occur and persist beyond the end of treatment in the home 
setting (e.g., e.g., 58% of patients experience fatigue, 48% experience psychological 
distress, and 46% experience GI symptoms) in the CRC population (Rasmussen et al., 
2015). This symptom burden is a major factor associated with quality of life (QOL) and with 
overall CRC survivorship (Bailey et al., 2015). However, many CRC patients fail to receive 
appropriate care for symptoms and continue to suffer needlessly over the course of cancer 
treatments (Harrington, Hansen, Moskowitz, Todd, & Feuerstein, 2010). Many CRC 
survivors reported that they are not routinely asked about their symptoms, and/or are 
unaware of available symptom management treatments (Van Blarigan et al., 2018).  
 
Fatigue, psychological distress, and GI symptoms are common in CRC survivors, but the 
underlying biological mechanisms of symptoms are also unknown in CRC patients. Immune 
and inflammatory pathways may underlie common mechanisms relating to the later 
development and persistence of symptoms in cancer patients (Rasmussen et al., 2015; 
Tantoy et al., 2016). Notably, the fecal microbiota is one of the critical biomarkers in 
contributing to or modulating inflammation associated with symptoms in non-cancer 
diseases (Ki Cha et al., 2012; Quigley, 2019). Furthermore, a large body of evidence 
implicates the human microbiota in the development of CRC (Borges-Canha, Portela-
Cidade, Dinis-Ribeiro, Leite-Moreira, & Pimentel-Nunes, 2015; Dahmus, Kotler, Kastenberg, 
& Kistler, 2018). While research into the implications of shifts in the microbial communities in 
CRC survivors continues to expand, the longitudinal changes in immune- and inflammation-
related microbiota, as well as the associations of the fecal microbiota with symptoms over 
time, are understudied in CRC survivors. Addressing this research gap in symptom 
experiences in relation to cancer treatments, and its’ biological mechanisms (i.e., microbiota) 
in CRC survivors can lead to the development of precision symptom managements that can 
be tailored to the personalized symptom profiles of these patients. 
 
The purpose of this descriptive study with a cross-sectional study design is to explore the 
differences in symptom experience and features of fecal microbiota among two groups (CRC 
survivors post-cancer treatments, and healthy controls [HCs]) and to explore if there are 
specific microbiota profiles (primary focus = immune- and inflammation- related microbiota) 
associated with symptoms in CRC survivors. 
 

SUMMARY OF PROJECT AIMS 
 

Aim 1. Describe and Compare Symptoms among CRC survivors (3 months after cancer 
treatments groups) and Healthy Controls (HCs). To assess and compare frequency and 
severity of fatigue, psychological distress (depression, anxiety, and feeling stressed), and GI 
symptoms among two groups (1:1 group ratio, N= 15:15; CRC survivors 3 months after 
cancer treatments [C], and HCs). 
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Aim 2. Describe and Compare Microbiota between CRC survivors (3 months after cancer 
treatments groups), and Healthy Controls (HCs). To determine and compare taxonomic 
compositions of fecal microbiota among the two groups (C, and HCs) using 16S rRNA gene 
sequencing to provide preliminary data for a larger study.  
 
Aim 3. Examine Concurrent Associations of Symptoms with Fecal Microbiota in CRC 
Survivors and HCs. 
 

THEORETICAL/CONCEPTUAL FRAMEWORK 
 

The current research proposal is based on the conceptual framework of the Nursing Science 
Precision Health Model (NSPH) (Hickey et al., 2019) applied to stage of NIH Symptom 
Science Model (Figure 1, Appendix 1). The NSPH Model includes four precision concepts 
(i.e., components) that reflect the nursing perspective but may also be of relevance to other 
scientists: (a) measurement, (b) characterization of phenotype including lifestyle and 
environmental factors, (c) characterization of genotype and other biomarkers, and (d) 
intervention target discovery, design, and delivery. This is reflected by the arrows in the 
model (Figure 1). Environment is used to broadly represent context in the model.  As seen 
in Figure 1, the current proposal specifically focuses on identifying two concepts of the 
NSPH: “complex symptom” (I.e., types, frequency, and severity of symptoms before and 
after cancer treatments), and “biomarker discovery” (I.e., fecal microbiota before and after 
cancer treatments; associations of fecal microbiota with symptoms). 

 
Figure 1. The Nursing Science Precision Health Model (NSPH) Applied to Stages of NIH Symptom Science 
Model. The four precision components in the boxes with arrows and the information and data science 
infrastructure comprise the NSPH. These components can be applied to different phenomena as illustrated by 
the example of the stages of the NIH Symptom Science Model. This framework is a publicly available model. 

 
METHODS, PROCEDURES, AND SAMPLING 

Study Design 
This is a cross-sectional study in CRC survivors and HCs.  
Subjects and Setting 
Target population and characteristics of the subjects. The target population for this 
study includes adult CRC patients 3 months after cancer treatments and adult healthy 
controls (HCs). The target population for this study fulfills the following criteria: newly 
diagnosed with stage I-IV CRC; scheduled for cancer treatments, including chemotherapy, 
radiation therapy, or surgery; 18 years of age or older at the time of diagnosis; able to 
communicate in English; and able to provide informed consent. Individuals with current 
ostomy, chronic bowel disorders (such as irritable bowel syndrome), food allergies/dietary 
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restrictions, and use of antibiotics within the past two months were excluded. The healthy 
individuals aged 18 – 64 years, were selected as HCs. 
Participants. The total 30 participants were recruited and participated this study (15 CRC 
survivors and 15 HCs). study will be N = 30 participants (N = 10:10:10 for C0: C1: HCs). The 
current study will evaluate the differences in the fecal microbial communities (type and 
volume of microbiota) among three groups. This sample size 30 is consistent with an alpha 
0.05, power 80%, and ES 0.08.  For both CRC survivors and HCs groups, CRC patients and 
HCs deemed eligible were selected according to voluntary participation through a 
convenience sampling method via local church-based recruitment. Once deemed eligible, a 
one-page introduction was provided for participants about the current study, that elicits all 
relevant criteria including age, previous and current diseases (no cancer history), gender, no 
GI disorders, etc. Screening questionnaires were further screened by Dr. Han or a research 
nurse. After completing a screening survey, eligible participants were asked to read the 
consent form including fecal sample collection and microbiome data analysis. Finally, each 
participant was asked to provide contact information to enroll in the study and were 
scheduled for a phone-call meeting. Eligible participants also answered the screening 
questions, completed questionnaires, and collected fecal samples at homes. 
Procedure 
Prior to recruitment, the study was reviewed and approved by the UW Human Subjects 
Committee, and approved UW IRB. Then, informed consent was obtained including fecal 
sample collection and microbiome data analysis from the participants. Eligibility for the study 
included the following process: Potential subjects who respond to posted advertisements 
were screened by telephone. If eligible, questionnaires including baseline data, FFQ, 
symptom questionnaire, a specimen collection kit, illustrated instructions for collecting four 
aliquots from a single fecal sample, and materials to ship the specimens overnight to the 
biorepository, were mailed to the subject’s home. The subject discussed about study 
procedures including questionnaire with the PI (Dr. Han) by phone. During the phone-call 
meeting, informed consent was obtained, questionnaires, instructions on fecal sample self-
collection were reviewed. A PI (Dr. Han) or asked participants to return the completed 
questionnaires with stamped envelopes. 
Measures 
Baseline data. Sociodemographic data and clinical characteristics were collected via Health 
History Questionnaire. This questionnaire was designed to directly address the aim of this 
study.  
Symptom data (Frequency and severity data of each symptom will be used for the current 
study) 
⚫ Memorial Symptom Assessment Scale Short Form (MSAS-SF), measures each of 

32 cancer-related symptoms rated on a 5-point Likert scale. Among 32, 13 symptoms as 
the most common symptoms in cancer patients, were included for this analysis. 
Symptoms include pain, fatigue, constipation, numbness, and tingling, feeling irritable, 
feeling sad, nausea, feeling bloated, itching, swelling of arms/legs, difficulty swallowing, 
diarrhea, vomiting. The MSAS-SF was validated in a population of cancer patients 
including CRC patients, and has been used with a wide range of illnesses and it's 
suitable for either clinical or research settings (Chang, Hwang, Feuerman, Kasimis, & 
Thaler, 2000; Webber & Davies, 2011). The Cronbach alpha coefficients for the MSAS-
SF subscales ranged from 0.76 to 0.87.  

⚫ European Organization for Research and Treatment of Cancer Questionnaire 
module for Colorectal Cancer (EORTC QLQ – CR29). Additional seven GI symptoms 
among 29 symptoms were measured, including abdominal pain, blood in stools, mucus 
in stools, unintentional release of gas/flatulence, leakage of stools, sore skin around anal 
area, feel embarrassed because of bowel movement on a 5-point Likert scale. The 
composite score (mean of 29 symptoms) was used for this study. The EORTC QLQ-
CR29 demonstrates sufficient validity and reliability to support its use to supplement the 
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EORTC QLQ-C30 to assess patient-reported outcomes during treatment for colorectal 
cancer in clinical trials and other settings (Whistance et al., 2009).  

⚫ Nutrients and Food Groups of Relevance to the Fecal Microbiota. A 3-day FFQ 
were used for measuring average of dietary intake for 3 days including total caloric 
intake, fruits, vegetables, grains, protein foods, and dairy in the current study to control 
dietary factors in relation to fecal microbiota (Leong et al., 2018). The FFQ suggested 
very good reliability for nutrients (r = 0.83) and food groups (r = 0.80). The FFQ appears 
to be an appropriate tool for investigating the intake of nutrients and food groups of 
relevance to the gut microbiota (Bower et al., 2009). 

⚫ Fecal Specimens. The participant received printed illustrated instructions, a plain 
cardboard shipping box, a stool catching pouch, a Styrofoam box with a custom foam 
insert that held four 10 mL screw top Sarstedt tubes, and two gel packs to be frozen 
upon receipt of the kit from the Psomagen Kit. The specimen collection tubes were pre-
labeled with only a unique code number, no personal identifiers. On the self-selected 
morning, the participant collected the stool catching pouch to the toilet seat. Defecating 
normally, the participant used the clean scoop attached to the tube lid to collect an 
aliquot, sealed the tube by screwing on the lid, and moved on to the next tube, collecting 
four aliquots in total. Two tubes were pre-loaded with 5 mL RNAlater (Qiagen) and two 
with 5 mL sterile phosphate buffered saline (PBS). The tubes were then secured in the 
foam insert for shipping and frozen gel packs were added to the shipping box. The 
participant mailed them to the Psomagen Gene & ButBiome Mass Spectrum Center. 
Following receipt of the specimens at the repository, participants were sent a gift card 
(mailed to participants’ addresses) with a small monetary value ($25) to convey our 
appreciation for their time and effort. Specimens were sub-aliquoted and frozen for 
future analysis.  
Fecal microbial communities were characterized using 16S rRNA gene sequencing as 
previously described (Jovel et al., 2016). Briefly, community DNA were extracted from 
each sample using the PowerSoil DNA extraction kit (MoBIO, Carlsbad, CA) with 
modifications to the manufacturer’s protocol (Jovel et al., 2016). Community DNA 
quantity and quality were assessed using fluorometric methods (Qubit, Waltham, MA), 
and amplicon libraries were prepared using the NEXTflex V4 Amplicon-Seq kit 2.0 (Bioo 
Scientific, Austin, TX). Sequence libraries were generated using the MiSeq platform 
(Illumina, San Diego, CA) from the Psomagen company. Then, the di-identified results 
were sent to the PI via email.  

 
Statistical Data Analysis 
For Aim 1: ANCOVA were used to compare frequency and severity of symptoms between 
CRC survivors and HCs. Statistical analyses were performed using with IBM SPSS Statistics 
for Windows, version 19 (IBM Corp., Armonk, New York). 
For Aims 2 & 3:   
Microbiota summary measures of 16S rRNA data: Individual Operational Taxonomic Unit 
(OTU) abundance, richness, alpha (within sample) and beta (between sample) diversity, 
dysbiosis scores, phylogeny-based or phylogeny-independent measures, and principal 
components were all used in microbiome analyses (Jovel et al., 2016). 
Aim 2 microbiome data analysis to compare microbiota compositions between two groups. 
the Mann-Whitney U test was used to test differences in the microbiota summary measures 
by groups, controlling for read count, FFQ data and subject age.  
Aim 3 to examine relationships of symptoms with microbiota: Partial correlations, controlling 
for read count, FFQ data and subject age, were computed between each of the microbiome 
summary measures and symptoms.  
For Aims 2 and 3, all data analyses were completed using Psomagen™ as a next-
generation microbiome bioinformatics platform. 
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SUMMARY OF FINDINGS 

 
Demographics and Clinical Characteristics 
Majority of participants were Non-Hispanic White male, and a mean of age was higher in 
CRC survivors than HCs. The most of CRC survivors are diagnosed of stage II (CRC). 
 

 CRC survivors  
(N = 15) 

HCs  
(N =15) 

p-value 

Gender (M), n (%) 10 (66.6%) 8 (53.3%) .765 

Stage, n (%) II (10, 66.6%), 
III (5 (33.3%) 

Not applicable NA 

Age, mean (SD) 68 (4) 56 (3) .623 

Race, n (%)    

Non-Hispanic White 8 (53.3%) 6 (40.0%) .662 

African American 3 (33.3%) 4 (26.7%) .643 

Asian 4 (26.6%) 5 (33.3%) .598 

FFQ-estimated daily dietary intake  
Fruits (g/day) 132.2 (35.4) 101 (23.4) .423 
Vegetables (g/day) 51.2 (24.3) 43.3 (25.6) .988 
Fruits and vegetables (g/day) 192.3 (56.4) 156.4 (62.5) .219 

 
Symptom comparisons 
Fatigue was the most frequent and severe symptom in CRC survivors, and mean frequency 
and severity of each symptom were higher in CRC survivors after cancer treatments than 
HCs. EORTC QLQ-CR29 GI symptom mean composite score was higher in CRC than HCs.  

N= 15 for each CRC survivors and HCs groups 

 Frequency (n, %) Severity (mean, SD) 

  CRC  HCs p CRC HCs p 

Memorial Symptom Assessment Scale Short Form (MSAS-SF) 

pain 9 (60.0%) 0 (0.0%) .001 3.1 (0.2) 2.3 (0.3) .523 

fatigue 15 (100%) 5 (33.3%) .002 5.2 (0.4) 3.1 (0.4) .014 

constipation 8 (53.3%) 3 (20.0%) .002 3.3 (0.2) 3.7 (0.3) .629 

numbness and 
tingling 

6 (40.0%) 0 (0.0%) .001 3.4 (0.2) 2.5 (0.3) .123 

feeling irritable 11 (73.3%) 2 (13.3) .003 4.2 (0.2) 2.2 (0.3) .009 

feeling sad 12 (80.0%) 0 (0.0%) .002 2.4 (0.3) 1.2 (0.3) .533 

nausea 7 (46.7%) 0 (0.0%) .004 2.3 (0.3) 2.1 (0.1) .425 

feeling bloated 12 (80.0%) 3 (20.0%) .013 3.1 (0.2) 0.9 (0.0) .040 

itching 4 (26.7%) 0 (0.0%) .002 1.5 (0.2) 0.4 (0.0) .624 

swelling of 
arms/legs 

3 (20.0%) 0 (0.0%) .001 1.4 (0.3) 0.3 (0.0) .653 

difficulty 
swallowing 

2 (13.3%) 0 (0.0%) .015 3.3 (0.3) 0.4 (0.0) .032 

diarrhea 6 (40.0%) 0 (0.0%) .002 2.4 (0.3) 0.4 (0.0) .153 

vomiting 4 (26.7%) 0 (0.0%) .002 2.3 (0.3) 0.5 (0.0) .623 

EORTC QLQ – CR29 

Composite 
score (mean of 
29 GI 
symptoms) 

Not applicable  4.3 (0.6) 0.4 (0.1) .028 
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Microbiome Comparisons  
 

 CRC survivors (N = 15) 
Median (IQR) 

HCs (N =15) 
Median (IQR) 

p-value 

Shannon’s alpha 
diversity index 

3.4 (2.21, 4.53) 4.2 (3.91, 4.52) .042 

Bacteroidetes 1.9E9 CFU/g stool (1.5, 2.3) 2.3E7 CFU/g stool (1.9, 2.7) .004 

Firmicutes 3.4E7 CFU/g stool (3.1, 3.7) 2.1E8 CFU/g stool (1.6, 2.5) .015 

Actinobacteria 7.7E9 CFU/g stool (6.5, 8.9) 7.4E9 CFU/g stool (6.4, 8.4) .534 

Proteobacteria 3.6E9 CFU/g stool (3.3, 3.9) 3.2E9 CFU/g stool (2.9, 3.5) .643 

FB Ratio 1.8E-2 CFU/g stool (1.3, 2.2) 9.1E CFU/g stool (8.6, 9.6) <.001 

    

Note: colony forming units per gram of stool (CFU/g). 
Four major bacteria phyla were identified and analyzed for this research. After adjusting for 
relative clinical covariates (e.g., age, gender, cancer stage, and diet), microbiota of CRC 
survivors after cancer treatment showed the highest abundances of taxa that are known to 
cause pro-inflammatory states, including Bacteroidetes and reduced (lower) ratio of 
Firmicutes to Bacteroidetes (FB ratio), compared to HCs (i.e., inflammation-related 
microbiota abundances of taxa ranges). Higher Shannon’s alpha diversity index in HCs than 
CRC survivors (p = .042).  
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Correlations of Microbiota Summary Measures with Symptoms 
 
Shannon’s alpha diversity and FB ratio were positively associated with fatigue. Bacteriodetes was positively associated with diarrhea and 
overall GI symptom severity composite score in CRC survivors (See the table below). 
None of the relationships between symptoms and microbiome were significantly associated in HCs (data not shown).  
 
 

In CRC survivors (N = 15) 

Phylum pain fatig
ue 

constipa
tion 

Numb/tingli
ng 

irrita
ble 

sad naus
ea 

bloati
ng 

itchin
g 

Swelling 
of 
arms/legs 

Difficult
y 
swallow
ing 

diarr
hea 

vomiti
ng 

EORT
C-
QLQ 
CR29  

Shannon’s 
alpha 
diversity 
index 

.21 -.35* .30 .63 -.12 .15 .55 .62 .53 .21 .57 .12 .53 .11 

Bacteroidet
es 

.32 .66 .20 .62 -.53 .65 -.15 .32 -.39 .55 .53 .65* .13 .32* 

Firmicutes .22 .42 .42 .52 .11 .34 -.32 .74 -.32 .73 .75 .32 .64 .98 

Actinobacte
ria 

-.18 -.20 .13 .13 .16 .66 .33 .52 .31 .51 .16 -.52 .15 .32 

Proteobact
eria 

.23 .24 .53 .09 .13 .76 .14 .63 .60 .65 .15 .32 .11 .33 

FB Ratio -.45 .42* .36 -.15 .42 .66 -.32 .42 .09 .15 .56 .95 -.12 .43* 

* p <.05. 
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Recommendations 
 
Microbiome characteristics were different between CRC survivors after cancer treatment and 
HCs. In CRC survivors, microbiome diversity was lower than HCs, and Bacteroidetes and FB 
ratio were associated with symptom severity. Better understanding of the complex 
interactions between the microbiota and development of symptoms in CRC is important to 
identify at-risk patients with high symptom burden. While no specific bacteria have been 
identified as a causative agent for certain symptoms in patients with CRC, ascertaining a 
bacterial signature for development of adverse symptoms holds great area. It is conceivable 
that an intestinal bacterial profile might predict an individual’s risk of developing symptoms in 
CRC and allow manipulation of the microbiota for prevention or treatment of symptoms. 
Future larger sample study and intervention study to modify fecal microbiota are warranted 
to confirm the current findings and to improve cancer survivorship by better managing 
patients’ symptoms.  
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