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Abstract 

Background: Chemotherapy induced diarrhea (CID) is a common side effect in patients receiving chemotherapy for 
cancer. The aim of our study was to explore the association between gut microorganisms and CID from the CapeOX 
regimen in resected stage III colorectal cancer (CRC) patients.

Results: After screening and identification, 17 stool samples were collected from resected stage III CRC patients 
undergoing the CapeOX regimen. Bacterial 16S ribosomal RNA genes was sequenced, and a bioinformatics analysis 
was executed to screen for the distinctive gut microbiome and the functional metabolism associated with CID due to 
the CapeOX regimen. The gut microbial community richness and community diversity were lower in CID (p < 0.05 vs 
control group). Klebsiella pneumoniae was the most predominant species (31.22%) among the gut microbiome in CRC 
patients with CID. There were 75 microorganisms with statistically significant differences at the species level between 
the CRC patients with and without CID (LDA, linear discriminant analysis score > 2), and there were 23 pathways that 
the differential microorganisms might be involved in.

Conclusions: The gut microbial community structure and diversity have changed in CRC patients with CID. It may 
provide novel insights into the prevention and treatment of CID.
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Introduction
Colorectal cancer (CRC) is the third most common 
malignant tumor worldwide [1]. With the development 
of early diagnosis methods and molecular targeted ther-
apy, the progression free survival (PFS) and the overall 
survival (OS) of patients with CRC have increased [2]. 
However, metastatic colorectal cancer (mCRC) is asso-
ciated with a poor prognosis [3, 4]. Chemotherapy is a 
strongly recommended therapeutic regimen to prevent 

and control mCRC, and it has been associated with a 
prolonged life [5, 6]. Adjuvant chemotherapy may confer 
a survival advantage in resected CRC patients with stage 
III or high-risk stage II disease [7, 8]. Cytotoxic chemo-
therapeutic agents inhibit the proliferation of cancer 
cells, but, at the same time, they produce toxicity and side 
effects on other tissues and organs. How to effectively 
and efficiently avoid or to alleviate the toxicity and side 
effects is a critical clinical problem that should be solved.

CID is a common side effect of the digestive system 
in the antitumor treatment process of cytotoxic drugs. 
The typical clinical characteristics of CID are as fol-
lows: symptoms range from loose stool without pain to 
severe, watery diarrhea with abdominal pain; symptoms 
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typically last 5 to 7  days and may occur during or after 
chemotherapy; and patients with CID have a poor treat-
ment response to gentamicin, berberine, and furoxone 
[9]. CID can lead to weakness, electrolyte disorders, renal 
failure, blood volume reductions, shock, and even death 
[10]. Its occurrence can result in delaying chemotherapy, 
increasing hospitalization time and costs, aggravating the 
psychological stress of patients, reducing the treatment 
compliance of patients and even altering the entire chem-
otherapy plan [11].

A unique microecosystem and characteristic microbial 
community lives in the colorectal regions owing to their 
function of storing feces [12]. Accumulating evidence 
points to the gut microbiome being involved in CRC [13]. 
For example, some researchers have reported that Strep-
tococcus bovis [14] and Streptococcus gallolyticus [15] are 
specific bacteria involved in colorectal cancer; Castellarin 
et al. [16] found that Fusobacterium nucleatum infection 
is prevalent in CRC tissue specimens and Kostic et  al. 
[17], found that Fusobacterium nucleatum can generate 
a proinflammatory microenvironment that is conducive 
to the progression of CRC through recruitment of tumor-
infiltrating immune cells. Moreover, many enzymes, pep-
tides and small molecules secreted by the intestinal gut 
microbiome are involved in activating and regulating 
important signaling molecules and signaling pathways 
involved in the progression of CRC [18, 19].

Diarrhea and gut microbiome disorders interact as 
both cause and effect. Diarrhea can disrupt the balance 
of the gut microenvironment. Meanwhile, the inva-
sion of exogenous pathogenic microorganisms and the 
imbalance of intestinal microbes can lead to diarrhea 
[20]. For example, the invasion of some pathogenic bac-
teria including Shigella, Salmonella and Klebsiella [21, 
22], and the abundance changes of intestinal parasitic 
microbes include Candida albicans, Escherichia coli, and 
Aeromonas can induce diarrhea [23–25]. Chemotherapy 
has been widely used in the clinic as an effective therapy 
for colorectal cancer, but diarrhea caused by chemother-
apeutic drugs often affects the implementation of chemo-
therapy regimens [26]. Many probiotics and antibiotics 
play a positive role in the treatment of infectious diarrhea 
by regulating the gut microbiome [27, 28]. The study of 
relationships between gut microbiome and CID may pro-
vide a new direction for solving this clinical problem.

In the present study, we aimed to explore the asso-
ciation between the gut microorganisms and CID of 
the CapeOX regimen in resected stage III CRC and 
to provide some research methods and research ideas 
for further exploring the relationship between intesti-
nal microbes and CID. The results may provide a fresh 
approach to the prevention and treatment of CID from a 
microbiological perspective.

Subjects and methods
Subjects
Patients with CRC treated at Huzhou Central Hospital 
from January 2016 to January 2018 were studied. The 
clinical protocols involving the patients and the informed 
consent form were approved by the Ethics Committee 
of Huzhou Central Hospital (No. 201601023). Accord-
ing to the American Joint Committee on Cancer (AJCC) 
staging manual system, stage III CRC is defined as when 
colorectal cancer is diagnosed by pathology with lym-
phatic metastasis and without distant metastasis [29]. 
The inclusion criteria were as follows. ① Cancer was 
confirmed by pathologic diagnosis, and the patients vol-
unteered to participate in the study. ② The clinical stages 
conformed to the criterion of stage III CRC according to 
AJCC. ③ Patients voluntarily accepted and completed 8 
cycles of the CapeOX regimen [capecitabine (1000  mg/
m2 twice daily) combined with oxaliplatin (130  mg/m2 
every 3 weeks)]. The exclusion criteria were as follows. ① 
Patients with diarrhea before chemotherapy. ② Patients 
with other intestinal diseases, such as ulcerative colitis 
and Crohn’s disease. ③ Alternation of chemotherapy 
regimen and chemotherapeutic dosage or the occurrence 
of progression of the disease (PD) during the 8 cycles 
of the CapeOX regimen. ④ Patients who accepted neo-
adjuvant chemotherapy. ⑤ Patients with a history of the 
use of oral microbial agents within 1 month before chem-
otherapy. ⑥ Patients with another primary cancer. ⑦ 
Patients with known primary organ failure. ⑧ Patients 
who could not obtained the stool samples (n = 15) or 
obtained unqualified stool samples. All of the subjects 
signed informed consent under the guidelines approved 
by the Ethics Committee of Huzhou Central Hospital. 
CRC patients with and without CID were including in 
the experimental group and control group, respectively.

According to National Cancer Institute Common Tox-
icity Criteria (NCI CTC) V3.0 [30] CID grade 1 is defined 
as the number of defecations increased to less than 4 
times a day and an excretion volume slightly increased. 
During a course of 8 cycles of chemotherapy adminis-
tered over nearly half a year, there are many factors that 
can cause diarrhea, and these factors interfere with the 
diagnosis of CID. Clinical intervention measures, such 
as using antibiotics and antidiarrheal drugs, may be per-
formed and the chemotherapy regimen may be changed 
in patients with CID grade 3 and grade 4. Therefore, we 
did not include patients with grade 1, grade 3 and grade 4 
in the experimental group. CID grade 2 is defined as the 
number of defecations increased to 4–6 times per day or 
nocturnal stools, with the amount of excretion increased 
but with no interference in daily life. All of the subjects 
recruited into the experimental group were CID grade 2 
in the present study.
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Collection of clinical data and stool samples
Basic information and clinical serological indicators were 
obtained from the medical record management system 
of Huzhou Central Hospital with informed consent from 
patients. Stool samples of the patients were collected 
in the 2 weeks after the 8 cycles of chemotherapy. Stool 
samples were collected in the morning prior to breakfast. 
An approximately 5–10 g stool sample was collected after 
defecation without the use of a purgative or lubricant. 
Within half an hour, the stool samples were stored in an 
ultra-low temperature freezer. The sample preservation 
time was not beyond 1 month. Finally, 17 stool samples 
from CRC patients were analyzed after the patients had 
signed informed consent forms and the unqualified spec-
imens were eliminated.

Intestinal microorganism detection
DNA extraction and PCR amplification
A E.Z.N.A.® Stool DNA Kit (Omega Bio-Tek, Norcross, 
GA, U.S.) was used to extract total DNA from the stool 
samples according to the manufacturer’s protocols. The 
nanodrop ND-1000 spectrophotometer (LabTech, Wash-
ington, DC, USA) with the absorbances at 260  nm and 
280 nm (A260/A280) was used to determine the quality 
and quantity of the purified DNA. DNA integrity was 
further verified by electrophoresis through a 2.0% (w/v) 
agarose gel. PCR (95 °C for 3 min, followed by 25 cycles 
at 95 °C for 30 s, 55 °C for 30 s, and 72 °C for 45 s and a 
final extension at 72 °C for 5 min) was used to amplify the 
V3–V4 region of the bacterial 16S ribosomal RNA gene 
(the primers of 16S V3–V4 rDNA are as follows: forward, 
CCT ACG GGNGGC WGC AG and reverse, GAC TAC 
HVGGG TAT CTA ATC C). PCR amplifications were per-
formed in triplicate in a 25 μL mixture containing 5 μL 
of DNA template, 2  μL of Nextera XT Index Primer 1 
(10 M), 2 μL of Nextera XT Index Primer 2 (10 M) and 
16 μL  ddH2O. Amplicons were extracted from 2% agarose 
gels, purified using the AxyPrep DNA Gel Extraction Kit 
(Axygen Biosciences, Union City, CA, USA) and quanti-
fied using QuantiFluor™-ST (Promega, U.S.) according to 
the manufacturer’s instructions.

Library construction and sequencing
The MiSeq library was constructed as follows: purified 
PCR products were quantified by  Qubit® 3.0 (Life Tech-
nologies, Invitrogen). PCR products were ligated with Y 
adapter. Magnetic nanoparticles were used to take out 
the self-ligated Y adapters. An Illumina Pair-End library 
was constructed using pooled DNA products, and the 
amplicon library was pair-end sequenced (2 × 250) on 
an Illumina MiSeq platform (Shanghai BIOZERON Co., 

Ltd.) according to standard protocols (MiSeq V3 or V4 
sequencing kit, Hua Ya Regenerative Medicine Biological 
Engineering Technology CO., LTD, Shanghai, China).

Sequencing data bioinformatics analysis
Sequencing data processing and optimization were per-
formed according to the criteria at http://en.wikip edia.
org/wiki/Fastq . Cutadapt (version 1.11) was used to 
demultiplex and quality filter the raw fastq files. Pan-
daseq (version 2.9) was used to assemble PE reads; 
only sequences that overlapped longer than 10  bp were 
assembled according to their overlap sequence. Mosaic 
sequences and sequences longer than 300–480  bp were 
discarded. In addition, the reads that receiving an average 
quality score < 20 were discarded.

The Silva database was used for comparison of 16S 
rRNA gene sequences [31] and the GeneBank database 
was used to analyze functional genes [32]. Mothur soft-
ware [33] (http://www.mothu r.org/wiki/Main_Page) was 
used to analyze the microbial diversity. OTU (opera-
tional taxonomic units), as the artificial classification 
unit, was used to estimate the number of species in each 
sample, and the similarity threshold was 97%. The cover-
age (http://www.mothu r.org/wiki/Cover age) was used as 
the sequencing depth index. The ACE estimator (http://
www.mothu r.org/wiki/Ace) and Chao estimator (http://
www.mothu r.org/wiki/Chao) were used to estimate the 
gut microbial community richness. The Shannon index 
(http://www.mothu r.org/wiki/Shann on) and Simpson 
index (http://www.mothu r.org/wiki/Simps on) were 
used to estimate the gut microbial community diversity. 
The pie charts were used to describe the distribution of 
microorganisms at the species level. Proportions less than 
1% were included in “Others”, considering the best visual 
presentation. Venn diagrams were implemented by Venn 
diagram. We performed clustering on genera obtained 
from the RDP Classifier by means of the complete link-
age hierarchical clustering technique using the R package 
HCLUST (http://sekho n.berke ley.edu/stats /html/hclus 
t.html). The basic process of LDA analysis [34] was as fol-
lows: First, non-parametric Kruskal–Wallis rank sum test 
was used to detect the significant difference of abundance 
among species between the two groups of samples. Then 
Wilcoxon rank sum test was used to analyze the differ-
ence between groups based on the significant difference 
species. Finally, LDA was used to reduce the dimension 
of data and evaluate the influence of significantly differ-
ent species (LDA score). LDA effect size more than 2 was 
included in the figure. The genes of the 16S correspond-
ing species and their copy number have been generally 
known, and these genes can be compared with databases 
(e.g. KEGG, NOG) to predict the possible metabolic 
capacity of these species. The Picrust software was used 

http://en.wikipedia.org/wiki/Fastq
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http://www.mothur.org/wiki/Coverage
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http://www.mothur.org/wiki/Ace
http://www.mothur.org/wiki/Chao
http://www.mothur.org/wiki/Chao
http://www.mothur.org/wiki/Shannon
http://www.mothur.org/wiki/Simpson
http://sekhon.berkeley.edu/stats/html/hclust.html
http://sekhon.berkeley.edu/stats/html/hclust.html
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to analyze the pathway based on the KEGG database. 
The specific methods of function prediction analysis are 
shown in the following website (http://picru st.githu b.io/
picru st/tutor ials/algor ithm_descr iptio n.html).

Statistical analysis
SPSS software (V: 16.0; SPSS Inc., Chicago, IL) was 
used to analyze the data. The data are expressed as the 
mean ± standard deviation (SD). Statistically significant 
differences between two groups were analyzed using the 
independent-samples t-test. Frequency table data were 
analyzed with the Chi-square test or Fisher’s exact test. 
All tests were performed at the 0.05 level of significance.

Results
Basic characteristics of the patients
The clinical stages conformed to the criterion of stage III 
CRC according to AJCC. Overall, 68 resected stage III 
CRC patients accepted the CapeOX regimen in Huzhou 
Central Hospital from January 2016 to January 2018. 

However, 51 patients were excluded from this study for 
the following reasons: patients with diarrhea before 
chemotherapy (n = 3), terminated chemotherapy because 
of PD and side effects (n = 7), accepted neo-adjuvant 
chemotherapy (n = 4), could not obtain the stool samples 
(n = 15), unqualified stool samples (n = 14), and used oral 
probiotics including Bifid-triple Viable Capsule (n = 6) 
and Clostridium Butyricum Capsule (n = 2) before chem-
otherapy. After screening and identification, finally, 17 
stage III CRC patients were enrolled in the present study. 
The study strategy is shown in Fig. 1. The pathology type 
of all of the patients with resected stage III colorectal 
cancer was moderately differentiated adenocarcinoma. 
Smoking and drinking history over the course of 1 year 
were collected. The 17 CRC patients were divided into 
experimental group (CID+) and control group (CID−) 
according to whether they had diarrhea or not. The 
patient’s clinical information is shown in Table  1. The 
clinical stages conformed to the criterion of stage III 
CRC according to AJCC. Smoking and drinking history 

Fig. 1 Study strategy. After screening and identification, finally, 17 stage III CRC patients undergoing the CapeOX regimen after curative resection 
were recruited into the present study. Stool samples were collected from the recruited patients. The bacterial 16S ribosomal RNA from the samples 
were sequenced. Bioinformatics analysis was used to analyze the distinctive gut microbiome and functional metabolism

http://picrust.github.io/picrust/tutorials/algorithm_description.html
http://picrust.github.io/picrust/tutorials/algorithm_description.html
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over the course of 1 year were collected. Blood samples 
of patients before chemotherapy were collected for sero-
logical examination. There was no significant difference 
between the two groups in terms of age, sex, BMI, or 
smoking, drinking history and clinical serological indi-
cators including hemoglobin, alanine transaminase, glu-
tamic oxaloacetic transaminase, albumin, creatinine, 
carbohydrate antigen 199, carbohydrate antigen 742 and 
carcino embryonic antigen.

Gut microbial richness and diversity associated with CID 
during the Cape OX regimen for CRC 
As shown in Table  2, the coverage index suggested that 
the coverage of the genomic library of the sequencing 
samples was more than 99%. The statistically significant 

differences of the ACE estimator and Chao estimator 
between the experimental group and control group indi-
cated that the community richness of the gut microbiome 
was lower in the patients with chemotherapy-induced 
diarrhea (p < 0.05, vs control group). The smaller Shan-
non index and larger Simpson index indicate that the gut 
microbial community diversity was lower in the patients 
with chemotherapy-induced diarrhea (p < 0.01, vs control 
group). The alpha diversity analysis is shown in Addi-
tional file 1.

Gut microbial community structure associated with CID 
during the CapeOX regimen for CRC 
A pie chart was constructed for the microorganisms 
that accounted for more than 1% in the two groups of 

Table 1 Characteristics of the study participants

Overall, 17 resected stage III CRC patients undergoing the CapeOX regimen were recruited. These patients were divided into experimental group (CID+) and control 
group (CID−) according to whether they had diarrhea or not. The patient’s clinical information was shown in thus table. The clinical stages conformed to the criterion 
of stage III CRC according to AJCC. Smoking and drinking history over the course of 1 year were collected. Blood samples of patients before chemotherapy were 
collected for serological examination

Experimental group Control group p value

Cases, n 4 13 –

Rectal cancer, n 2 6 0.89

Males, n 3 8 0.62

Age (years) 63.88 ± 8.61 64.23 ± 8.76 0.94

BMI (kg/m2) 22.74 ± 2.64 23.28 ± 2.43 0.71

Long-term smoking history, n 0 1 0.57

Long-term drinking history, n 1 4 0.82

Known diabetes, n 0 1 0.57

Known hypertension, n 0 0 /

Hemoglobin (g/L) 134.25 ± 5.06 124.62 ± 13.71 0.20

Alanine transaminase (U/L) 29.00 ± 30.97 19.80 ± 8.94 0.33

Glutamic oxaloacetic transaminase (U/L) 27.40 ± 15.78 24.56 ± 8.72 0.64

Albumin (g/L) 42.03 ± 4.57 38.11 ± 3.02 0.06

Creatinine (μmol/L) 83.10 ± 33.74 68.95 ± 14.66 0.24

Carbohydrate antigen 199 (U/mL) 5.46 ± 3.61 12.24 ± 9.36 0.18

Carbohydrate antigen 742 (U/mL) 8.58 ± 3.61 9.89 ± 19.71 0.90

Carcino embryonic antigen (ng/mL) 24.34 ± 41.47 3.98 ± 3.70 0.08

Table 2 Gut microbial richness and  diversity associated with  chemotherapy-induced diarrhea of  the  CapeOX regimen 
in CRC 

Mothur software (http://www.mothu r.org/wiki/Main_Page) was used to analyze the microbial diversity. Operational taxonomic units (OTU), as the artificial 
classification unit, was used to estimate the number of species in each sample, and the similarity threshold was 97%. The alpha diversity analysis was shown in 
Additional file 1

Group n Coverage OTU Ace Chao Shannon Simpson

Experimental group 4 0.9994 ± 0.0008 119.75 ± 53.44 159.50 ± 100.09 150.75 ± 77.58 2.21 ± 0.47 0.21 ± 0.08

Control group 13 0.9985 ± 0.0012 273.38 ± 93.68 336.31 ± 117.73 332.46 ± 113.34 3.36 ± 0.59 0.09 ± 0.07

t value – – − 3.08 − 2.70 − 2.97 − 3.54 2.30

p value – – 0.008 0.016 0.010 0.003 0.009

http://www.mothur.org/wiki/Main_Page
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samples to show the microbial community structure 
associated with CID during the CapeOX regimen for 
CRC. The distribution of microorganisms from the 
same group was merged into a whole. As shown in 
Fig.  2, the stacked bar graph showed that the percent 
of Klebsiella pneumoniae was 35% and it occupied the 
highest proportion in the experimental group (CID+). 
But the rate was only 3% in the control group (CID−).

The difference in microbial abundance associated with CID 
of the CapeOX regimen for CRC 
The samples were divided into two groups according to 
patients with or without CID. As shown in Fig. 3a, there 
were 220 shared OTUs and that the numbers of unique 
OTUs in the control group and experimental group were 
645 and 34, respectively. LDA effect size analysis was 
used to compare the differences in microbial abundance 

Fig. 2 Microbial community structure analysis. The distribution of microorganisms from the same group was merged into the whole. The 
stacked bar graph was used to describe the distribution of microorganisms at the species level. CID- and CID+ represent the control group and 
experimental group, respectively
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between the two groups. LDA Effect Size analysis 
(Fig. 3b) showed that there were 75 microorganisms with 
significant differences at the genus level between the 
two groups. The length of the histogram indicates that 
some microorganisms such as Proteobacteria, Entero-
bacteriales, Gammaproteobacteria, Enterobacteriaceae, 
Klebsiella, Clostridiales, Clostridia, Ruminococcaceae, 
Bacteroidetes, Bacteroidia, Bacteroidales, Bacte-
roides and Bacteroidaceae have a larger influence. The 

cladogram in Fig.  3c displays the composition and pro-
portion of microorganisms at different taxonomic lev-
els. The cladogram showed that the abundance of these 
bacteria including Actinomycetaceae, Micrococcaceae, 
Bacteroidaceae, Porphyromonadaceae, Ruminococ-
caceae, Erysipelotrichaceae, Leptotrichiaceae, Enterobac-
teriaceae (Klebsiella belongs to Enterobacteriaceae) and 
Synergistaceae had significant differences at family level 
between the two groups.

Fig. 3 Differential microbes analysis. The samples were divided into two groups according to patients with or without CID. The number of OTUs 
that were exclusive or shared by the two groups were visualized by a Venn Chart (a). The strip figure in b displays the LDA effect size analysis. 
LDA effect size analysis was used to compare the differences in microbial abundance between the two groups (b). LDA scores over 2 mean that 
the differences are statistically significant (p < 0.05). The cladogram in c displays the composition and proportion of microorganisms at different 
taxonomic levels. The innermost layer shows the taxonomic tree. The circle from the inside to the outside represents different taxon levels from 
phylum to genus. Yellow circles represent no statistical difference in species between the two groups, and red circles and green circles represent 
the higher abundance of genus in the control group and the chemotherapy-induced diarrhea group, respectively. The lowercase English letters 
corresponding to the different bacteria are shown in the legends
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The functional analysis of 16S rRNA genes associated 
with CID during the CapeOX regimen for CRC 
It has been confirmed that many gene function annota-
tion databases are associated with corresponding 16S 
rRNA gene sequences. Functional analysis of enzymes 
and genes would be conducive to understand the whole 
microecological environment. As shown in Fig. 4, the fig-
ure shows the results of the functional analysis. Overall, 
23 pathways (p < 0.001) associated with statistically sig-
nificant differences might be involved in CID during the 
CapeOX regimen for adjuvant chemotherapy in resected 
stage III colorectal cancer. These differential pathways are 
related to microbial metabolites, cell proliferation and 
death, immune system, and many other aspects.

Discussion
The CapeOX regimen is recommended as the post-
operative adjuvant chemotherapy regimen in resected 
CRC patients with stage III or high-risk stage II [35]. 
The high-risk factors in stage II may affect the accuracy 
of experimental results, Thus, CRC patients with stage 
III were recruited in the present study. According to the 
NCCN guidelines, the CapeOX regimen for resected 
stage III CRC has been defined as 8 cycles of capecitabine 
(1000  mg/m2 twice daily) combined with oxaliplatin 
(130 mg/m2 every 3 weeks) [36]. CID is one of the most 
common side effects of the CapeOX regimen [37]. The 
degree of diarrhea caused by different chemotherapeutic 

agents varies. Among the chemotherapeutic drugs for 
colorectal cancer, the most common drugs that cause 
diarrhea are fluorouracil, irinotecan and platinum, and 
the incidence of diarrhea associated with these drugs can 
be as high as 50–80% [38]. Our previous clinical investi-
gation found that the probability of CID increased with 
an increase of chemotherapeutic frequency and chemo-
therapeutic dosage and most cases of CID occur within 
2  weeks after chemotherapy. Therefore, in the present 
study, stool samples from the patients were collected 
in 2  weeks after the 8 cycles of chemotherapy of the 
CapeOX regimen were completed.

Studies of Carroll et  al. [39] suggested that the rich-
ness of 16S rRNA sequences was significantly decreased 
in patients with diarrhea-predominant irritable bowel 
syndrome. Lee [40] has reported the community diver-
sity of gut microbiome is lower in patients with kid-
ney posttransplant diarrhea. Similar results have been 
reported in dogs with acute diarrhea [41]. The research 
on these diarrhea diseases is consistent with our find-
ings. We found that the gut microbial community 
richness and community diversity was lower in CRC 
patients with CID in the present study. The decrease 
of microbial diversity may be related to the imbalance 
of gut microbiome. The dominant pathogenic bacteria 
leads to the reduction of the resident normal microbiota 
through the plunder of nutrients or the killing effect of 
bacterial toxic metabolites.

Fig. 4 Functional analysis. The Picrust software was used to analyze the pathway based on the KEGG database. The significant differences in 
functional metabolism are shown in the figure
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Our results from the microbial community structure 
analysis showed Klebsiella pneumoniae occupied the 
highest proportion (31.22%) of gut microbiome in CRC 
patients with CID. Lu et al. [42] reported that the rate of 
Klebsiella pneumoniae was approximately 0.5% in Beijing 
by culturing the stool pathogens from outpatients with 
diarrhea syndromes using the Vitek2 Compact instru-
ment. Zhang et al. [22] only isolated 43 Klebsiella pneu-
moniae strains from 551 stool specimens from diarrhea 
patients. Although the study may have be interfered by 
other factors such as geographical location, nosocomial 
infection, or pollution contamination in the fecal col-
lection process. The increased proportion of Klebsiella 
pneumoniae in patients with CID remains a phenomenon 
of concern.

Microorganisms can adjust and modify their surround-
ings due to their metabolic products. A series of enzymes 
and genes participate in the process of metabolism [12]. 
Functional analysis of these enzymes and genes would be 
conducive to understand the whole microecological envi-
ronment. In the present study, we screened 75 differen-
tiated microorganisms at the species level by using LDA 
effect size analysis as well as 23 pathways associated with 
differential microorganisms by using KEGG databases. 
These differential pathways are related to microbial 
metabolites, cell proliferation and death, immune system, 
and many other aspects. These differentiated microor-
ganisms, their metabolic products and the relevant path-
ways make up the intestinal microecosystem that causes 
CID. These results may provide characteristic microor-
ganisms or potential molecular targets for the treatment 
and prevention of CID.

It must be emphasized that small sample size and 
potential sample contamination may affect the accuracy 
of the present study. Strict inclusion and exclusion crite-
ria was performed in this study. Subjects in the experi-
mental group were only included the resected stage 
III colorectal cancer (CRC) patients who voluntarily 
accepted and completed 8 cycles of the CapeOX regimen 
and accompanied with grade 2 of CID. Thus, the small 
sample size limits the applicability of the findings. A 
multi-center, large study will provide more powerful data 
to support the clarification of the microbial differences in 
CRC patients with CID.

Conclusion
Chemotherapy induced diarrhea (CID) is a common side 
effect in patients receiving chemotherapy for cancer. In 
the present study, We found that the gut microbial com-
munity structure and community diversity have changed 
in CRC patients with CID. The gut microbial community 
richness and community diversity were lower in CID. 

Klebsiella pneumoniae was the most predominant spe-
cies among the gut microbiome in CRC patients with 
CID. It may provide novel insights into the prevention 
and treatment of patients with CID to improve patients’ 
quality of life and chemotherapy tolerance.
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Abbreviations
CRC : colorectal cancer; AJCC: American Joint Committee on Cancer; NCCN: 
National Comprehensive Cancer Network; OTU: operational taxonomic unit; 
PD: progression of disease; PFS: progression free survival; OS: overall survival; 
mCRC : metastatic colorectal cancer; CID: chemotherapy-induced diarrhea; 
NCI: National Cancer Institute; CTC : common toxicity criteria.

Authors’ contributions
All authors participated in the conception and design of the study; conceived 
and drafted the manuscript: HS; performed the experiments: ZF, YL, YX and 
WW; collected the basic patient information, clinical indicators, and imaging 
data: YX, DM and WW; analyzed the data: ZJ and DM; wrote the paper: HS and 
ZF. All authors read and approved the final manuscript.

Author details
1 Department of Gastroenterology, Huzhou Central Hospital, No. 198 Hongqi 
Road, Huzhou 313000, Zhejiang, China. 2 Department of Rheumatology & 
Immunology, Huzhou Central Hospital, No. 198 Hongqi Road, Huzhou 313000, 
Zhejiang, China. 3 Department of Intervention and Radiotherapy, Huzhou 
Central Hospital, No. 198 Hongqi Road, Huzhou 313000, Zhejiang, China. 
4 Department of Central Laboratory, Huzhou Central Hospital, No. 198 Hongqi 
Road, Huzhou 313000, Zhejiang, China. 5 Medical College of Nursing, Huzhou 
University, No. 759 Erhuan East Road, Huzhou 313000, Zhejiang, China. 
6 Department of Medical Oncology, Huzhou Central Hospital, No. 198 Hongqi 
Road, Huzhou 313000, Zhejiang, China. 

Acknowledgements
We thank the patients and volunteers for their contributions to sample 
collection.

Competing interests
The authors declare that they have no competing interests.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The clinical protocols involving the patients and the informed consent form 
were approved by the Ethics Committee of Huzhou Central Hospital (No. 
2018.31). Written informed consent was obtained from the patients for the 
publication of this paper and the accompanying images.

Funding
This work was supported by the Science Technology Projects of Zhejiang Prov-
ince (No. 2017C33207), Zhejiang Medical and Health Technology Projects (No. 
2019RC283) and Public Welfare Technology Application Research Program of 
Huzhou (No. 2018GY15).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s13099-019-0299-4


Page 10 of 10Fei et al. Gut Pathog           (2019) 11:18 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your research ?  Choose BMC and benefit from: 

Received: 30 October 2018   Accepted: 13 April 2019

References
 1. Shuwen H, et al. Competitive endogenous RNA in colorectal cancer: a 

systematic review. Gene. 2018;645:157–62.
 2. Rat C, et al. Effect of physician notification regarding nonadherence to 

colorectal cancer screening on patient participation in fecal immu-
nochemical test cancer screening: a randomized clinical trial. JAMA. 
2017;318(9):816–24.

 3. Rossi L, et al. Bevacizumab plus chemotherapy in metastatic colo-
rectal cancer patients treated in clinical practice. Future Oncol. 
2012;8(9):1193–7.

 4. Zhou M, Fu L, Zhang J. Who will benefit more from maintenance therapy 
of metastatic colorectal cancer? Oncotarget. 2018;9(15):12479–86.

 5. Yoshida M, et al. A phase II study of third-line combination chemotherapy 
with bevacizumab plus S-1 for metastatic colorectal cancer with mutated 
KRAS (SAVIOR study). Oncology. 2016;91(1):24–30.

 6. Hines RB, et al. Predictors of guideline treatment nonadherence and 
the impact on survival in patients with colorectal cancer. J Natl Compr 
Cancer Netw. 2015;13(1):51–60.

 7. Casadaban L, et al. Adjuvant chemotherapy is associated with 
improved survival in patients with stage II colon cancer. Cancer. 
2016;122(21):3277–87.

 8. Booth CM, et al. Use and effectiveness of adjuvant chemotherapy for 
stage III colon cancer: a population-based study. J Natl Compr Canc 
Netw. 2016;14(1):47–56.

 9. Lee KJ. Pharmacologic agents for chronic diarrhea. Intest Res. 
2015;13(4):306–12.

 10. Andreyev J, et al. Guidance on the management of diarrhoea during 
cancer chemotherapy. Lancet Oncol. 2014;15(10):e447–60.

 11. Lee CS, Ryan EJ, Doherty GA. Gastro-intestinal toxicity of chemotherapeu-
tics in colorectal cancer: the role of inflammation. World J Gastroenterol. 
2014;20(14):3751–61.

 12. Han S, et al. Role of intestinal flora in colorectal cancer from the metabo-
lite perspective: a systematic review. Cancer Manag Res. 2018;10:199–206.

 13. Drewes JL, et al. High-resolution bacterial 16S rRNA gene profile meta-
analysis and biofilm status reveal common colorectal cancer consortia. 
NPJ Biofilms Microbiomes. 2017;3:34.

 14. Tsai CE, et al. Associated factors in Streptococcus bovis bacteremia and 
colorectal cancer. Kaohsiung J Med Sci. 2016;32(4):196–200.

 15. Andres-Franch M, et al. Streptococcus gallolyticus infection in colorectal 
cancer and association with biological and clinical factors. PLoS ONE. 
2017;12(3):e0174305.

 16. Castellarin M, et al. Fusobacterium nucleatum infection is prevalent in 
human colorectal carcinoma. Genome Res. 2012;22(2):299–306.

 17. Kostic AD, et al. Fusobacterium nucleatum potentiates intestinal tumori-
genesis and modulates the tumor-immune microenvironment. Cell Host 
Microbe. 2013;14(2):207–15.

 18. Kumar M, et al. Probiotic metabolites as epigenetic targets in the preven-
tion of colon cancer. Nutr Rev. 2013;71(1):23–34.

 19. Oke S, Martin A. Insights into the role of the intestinal microbiota in colon 
cancer. Ther Adv Gastroenterol. 2017;10(5):417–28.

 20. Youmans BP, et al. Characterization of the human gut microbiome during 
travelers’ diarrhea. Gut Microbes. 2015;6(2):110–9.

 21. Mulatu G, Beyene G, Zeynudin A. Prevalence of Shigella, Salmonella and 
Campylobacter species and their susceptibility patters among under five 
children with diarrhea in Hawassa town, south Ethiopia. Ethiop J Health 
Sci. 2014;24(2):101–8.

 22. Zhang X, et al. Presence and characterization of Klebsiella pneumoniae 
from the intestinal tract of diarrhoea patients. Lett Appl Microbiol. 
2018;66(6):514–22.

 23. Khosravi AR, Mansouri P, Saffarian Z, Vahedi G, Nikaein D. Chronic 
mucocutaneous candidiasis, a case study and literature review. J Mycol 
Med. 2018;28(1):206–10. https ://doi.org/10.1016/j.mycme d.2018.02.004.

 24. Amisano G, Fornasero S, Migliaretti G, Caramello S, Tarasco V, Savino F. 
Diarrheagenic Escherichia coli in acute gastroenteritis in infants in North-
West Italy. New Microbiol. 2011;34(1):45–51.

 25. Pablos M, Huys G, Cnockaert M, Rodríguez-Calleja JM, Otero A, Santos 
JA, García-López ML. Identification and epidemiological relationships 
of Aeromonas isolates from patients with diarrhea, drinking water and 
foods. Int J Food Microbiol. 2011;147(3):203–10. https ://doi.org/10.1016/j.
ijfoo dmicr o.2011.04.006.

 26. Keefe DM, et al. Risk and outcomes of chemotherapy-induced diarrhea 
(CID) among patients with colorectal cancer receiving multi-cycle 
chemotherapy. Cancer Chemother Pharmacol. 2014;74(4):675–80.

 27. Goldenberg JZ, et al. Probiotics for the prevention of Clostridium difficile-
associated diarrhea in adults and children. Cochrane Database Syst Rev. 
2017;12:CD006095.

 28. Issa I, Moucari R. Probiotics for antibiotic-associated diarrhea: do we have 
a verdict? World J Gastroenterol. 2014;20(47):17788–95.

 29. Hari DM, et al. AJCC cancer staging manual 7th edition criteria for colon 
cancer: do the complex modifications improve prognostic assessment? J 
Am Coll Surg. 2013;217(2):181–90.

 30. Trotti A, et al. CTCAE v3.0: development of a comprehensive grading 
system for the adverse effects of cancer treatment. Semin Radiat Oncol. 
2003;13(3):176–81.

 31. Quast C, et al. The SILVA ribosomal RNA gene database project: 
improved data processing and web-based tools. Nucl Acids Res. 
2013;41(D1):D590–6.

 32. Fish JA, et al. FunGene: the functional gene pipeline and repository. Front 
Microbiol. 2013;4:291.

 33. Schloss PD, et al. Reducing the effects of PCR amplification and sequenc-
ing artifacts on 16S rRNA-based studies. PLoS ONE. 2011;6(12):e27310.

 34. Segata N, et al. Metagenomic biomarker discovery and explanation. 
Genome Biol. 2011;12(6):R60.

 35. Andre T, et al. The IDEA (international duration evaluation of adjuvant 
chemotherapy) collaboration: prospective combined analysis of phase 
III trials investigating duration of adjuvant therapy with the FOLFOX 
(FOLFOX4 or modified FOLFOX6) or XELOX (3 versus 6 months) regimen 
for patients with stage III colon cancer: trial design and current status. 
Curr Colorectal Cancer Rep. 2013;9:261–9.

 36. Benson AR, et al. NCCN guidelines insights: colon cancer, version 2.2018. J 
Natl Compr Cancer Netw. 2018;16(4):359–69.

 37. Brady J, et al. An open-label study of the safety and tolerability of 
pazopanib in combination with FOLFOX6 or CapeOx in patients with 
colorectal cancer. Invest New Drugs. 2013;31(5):1228–35.

 38. Hoff PM, et al. Randomized phase III trial exploring the use of long-
acting release octreotide in the prevention of chemotherapy-induced 
diarrhea in patients with colorectal cancer: the LARCID trial. J Clin Oncol. 
2014;32(10):1006–11.

 39. Carroll IM, et al. Alterations in composition and diversity of the intestinal 
microbiota in patients with diarrhea-predominant irritable bowel syn-
drome. Neurogastroenterol Motil. 2012;24(6): 521–30, e248.

 40. Lee JR, et al. Gut microbial community structure and complications after 
kidney transplantation: a pilot study. Transplantation. 2014;98(7):697–705.

 41. Guard BC, et al. Characterization of microbial dysbiosis and metabolomic 
changes in dogs with acute diarrhea. PLoS ONE. 2015;10(5):e0127259.

 42. Lu B, et al. Molecular characterization of Klebsiella pneumoniae isolates 
from stool specimens of outpatients in sentinel hospitals Beijing, China, 
2010-2015. Gut Pathog. 2017;9:39.

https://doi.org/10.1016/j.mycmed.2018.02.004
https://doi.org/10.1016/j.ijfoodmicro.2011.04.006
https://doi.org/10.1016/j.ijfoodmicro.2011.04.006

	Gut microbiome associated with chemotherapy-induced diarrhea from the CapeOX regimen as adjuvant chemotherapy in resected stage III colorectal cancer
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Introduction
	Subjects and methods
	Subjects
	Collection of clinical data and stool samples
	Intestinal microorganism detection
	DNA extraction and PCR amplification
	Library construction and sequencing
	Sequencing data bioinformatics analysis
	Statistical analysis


	Results
	Basic characteristics of the patients
	Gut microbial richness and diversity associated with CID during the Cape OX regimen for CRC
	Gut microbial community structure associated with CID during the CapeOX regimen for CRC
	The difference in microbial abundance associated with CID of the CapeOX regimen for CRC
	The functional analysis of 16S rRNA genes associated with CID during the CapeOX regimen for CRC

	Discussion
	Conclusion
	Authors’ contributions
	References




