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Background: With the development of next generation sequencing technology, a lot of research has 
focused on the role of human microbiome in regulating immunity. The present study evaluated microbiome 
changes of colorectal cancer patients who received XELOX regimen (capecitabine plus oxaliplatin) without 
requiring antimicrobials.
Methods: Stool samples from 7 patients (3 females/4 males) after screening of 11 patients before and 
after XELOX chemotherapy were subjected to 16S ribosomal RNA (rRNA) sequencing and flora dynamics 
compared at baseline and after 8 weeks of chemotherapy. Enrolled patients were newly diagnosed with stage 
IV colorectal cancer and had not received antimicrobial therapy or surgery. XELOX was administered for 2 
cycles or 2-weekly treatments for 3 cycles.
Results: The patterns of relative abundance of all bacteria isolated from stool samples before or after 
chemotherapy treatment appeared to be different, but there were no significant differences in the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) metabolism pathway between the two groups. The top five 
pathways in patients were the two-component system, phenylalanine metabolism, degradation of aromatic 
compounds, beta-lactam resistance and folate biosynthesis. More than 99.6% intestinal flora isolates 
were bacteria, <0.4% were viruses and Archaea. The relative abundances of the 5 most common bacterial 
phyla in fecal samples before chemotherapy were Bacteroides, Firmicutes, Proteobacteria, Actinobacteria and 
Verrucomicrobia. The abundance of Actinomycetes in stools after chemotherapy was increased to 2.5 fold 
higher than before chemotherapy. Bifidobacterium longum species were significantly elevated in stools 
after chemotherapy (P<0.05), and changes of relative abundance of Bifidobacterium longum species after 
chemotherapy from baseline in favorable outcome population (stable disease) was significant higher than 
them in unfavorable outcome population (progressive disease, PD) (P=0.023). 
Conclusions: The results indicated that Actinomyces in the gut might have a positive clinical outcome for 
colorectal cancer patients. This idea needs further studies to examine the actions of Actinomyces on inhibition 
of tumor growth.
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Introduction

With the development of next generation sequencing 
technology, much research has focused on the role 
of human microbiome in regulating immunity (1,2). 
Previous studies that involved human and animal models 
have shown that fluctuations in microbiome levels are 
associated with the development of various disease states, 
including metabolic dysfunction, inflammation, infection 
and cancer (3-7). A number of studies have published their 
investigations on the risk and clinical outcomes of gastric 
and colon cancer mediated through the gut microbiome 
(8-10), and identified various bacterial species that 
exhibit potential beneficial or pathological effects (11,12). 
Especially for Actinomyces, a chronic granulomatous disease 
caused by an anaerobic Gram-positive organism is normally 
found in the mouth, gut and genitourinary tract, while 
progressive actinomycosis as well as advancing malignancy 
may play significant roles in a patient’s demise, although it 
is a rare but potentially fatal combination of disease and a 
hitherto undescribed cause of unresectable rectal cancer (13). 
Breakdown of the mucosal barrier due to trauma (prior to 
surgery, endoscopic procedures or intestinal perforations, 
etc.), immunosuppression (steroid therapy, diabetes or 
tumors) or chronic inflammatory diseases caused by foreign 
bodies, may be triggered by the penetration of Actinomyces 
bacteria into the abdomen (14,15). Furthermore, fecal 
microflora transplantation (FMT) has been shown to reduce 
the risk of infection in immunocompromised patients (16).  
However,  the optimal composit ion of microbiota 
transplants for restoring gut microbiota in colorectal cancer 
patients undergoing intense anticancer therapies remains 
uncertain. Furthermore, we are unaware of any study that 
has closely examined Actinomyces bacteria isolated from the 
gut microbiota of colorectal cancer patients.

We analyzed the fecal microbiota of colorectal cancer 
patients who achieved remission following chemotherapy 
without antimicrobial therapy, and we compared the data 
obtained before treatment. Bacterial taxa were identified 
based on 16S ribosomal RNA (rRNA) sequences, which 
were determined using next-generation sequencing. The 
diversity and composition of the Actinomyces bacteria in 
patients were evaluated to characterize differences before 
and after chemotherapy. We also examined and isolated 
Actinomyces bacteria in vitro after culturing the microbiota 
in fecal microbiota samples. Our results provide insight into 
the optimal composition of gut microbiota transplants for 
colorectal cancer patients receiving XELOX chemotherapy.

Methods

Patients

We recruited both patients who had not received 
chemotherapy and those who were given XELOX 
chemotherapy [capecitabine (Xeloda, Basel, Switzerland, 
Roche) plus oxaliplatin (ELOXATIN, Paris, France, Sanofi)] 
in the Department of Oncology, First Affiliation Clinical 
Center, General Hospital of PLA between November 10, 
2017 and December 15, 2018. We also carried out in vitro 
pure culture experiments on human intestinal Actinomycetes.

Participants meeting any of the following criteria were 
included: (I) Patients with newly diagnosed intestinal tumor 
stage IV (colon and rectal cancer); (II) acquired the first 
time sample was collected from the tumor before surgery 
or direct treatment; (III) second sampling was assessed after  
8 weeks of the first chemotherapy (2 weeks-regimen 3 cycles 
or 3 weeks-regimen 2 cycles); (IV) XELOX was the main 
chemotherapy regimen; (V) during second sampling, no 
severe diarrhea, systemic or intestinal infection, intestinal 
obstruction, multiple organ failure and other severe diseases 
were detected. 

Exclusion criteria: (I) non-newly diagnosed patients; (II) 
non-colorectal cancer and (or) non-stage IV intestinal 
tumors; (III) the first time sample was collected from the 
patients received surgery or received direct therapy for the 
treatment; (IV) second sampling time was over 1months of 
the first evaluation period; (V) main chemotherapy regimens 
were not XELOX based regimen; and (VI) during the 
second sample, patients with severe diarrhea, whole body or 
intestinal infection, intestinal obstruction, accompanied by 
severe diseases such as multiple organ failure.

According to these selection criteria, only colorectal 
cancer patients who were III/IV stages who had not 
underwent antimicrobial therapy before or after treatment 
with chemotherapy were included in the study. Fecal 
specimens were collected from patients on the day of 
enrollment, before the first chemotherapy infusion (baseline) 
and 8 weeks after completing XELOX chemotherapy. 
After collection, the stool samples were cryopreserved for 
subsequent analysis.

Our study was performed in accordance with the 
principles of the Declaration of Helsinki with regard 
to ethical research involving human subjects and the 
protocols were approved by the Medical Ethic Committee 
of The General Hospital of PLA (approval ID: S2018-
081-02). Written informed consent was obtained from all 
participants prior to enrollment.
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Fecal sample collection processing

Each patient was pre-padded with a sterile urine pad and 
after defecation the central part of the feces was removed 
from the pad with a sterile spoon and placed in a sterile ice-
cold poop box. The sample was subsequently transferred for 
preservation to a freezer at −80 ℃ and stored for subsequent 
analysis. The time of fecal sampling to its storage in a  
−80 ℃ freezer was <3 h.

DNA extraction from fecal specimens and 16S rRNA 
sequencing

DNA was extracted from fecal  samples using the 
QIAamp Power Fecal DNA kit (QIAGEN, German), 
according to the manufacturer’s instructions, with slight  
modifications (17). DNA was collected in sterile tubes and 
the concentration measured by D260/280 with Nanodrop. 
This method detected genomic DNA purity using 1% 
agaric gel electrophoresis (100 V, 60 min, with λ-Hind 
marker III).

A  t e m p l a t e  o f  t h e  V 4 − V 6  r e g i o n  o f  t h e  1 6 S 
rRNA was generated using universal  V4F primer 
(5'-GTGCCAGCMGCCGCGGTAA-3') universal V6R 

primer (5'ACAGCCATGCNCACCT-3'). Sequencing 
library amplicons were generated using barcode primer and 
reverse primer. Amplicons pools were paired-end sequenced 
(2×250 bp) in an Illumina MiSeq Sequencer (San Diego, 
California, USA) at the Beijing Genomics Institute (Beijing, 
China). After filtering out low quality reads, FLASH 
version 1.2.11 was used to assemble the paired-end reads, 
and UCHIME version 4.2.40 was used to remove chimeric 
sequences before alignment with the Gold Database (ver. 
2011.05.19).

Bioinformatics and statistical analysis 

Operational taxonomic units (OTUs) were generated from 
complete linkage clusters using USEARCH ver. 7.0.1090, 
with a 97% similarity compared to de novo clusters. The 
OTU were aligned with the Greengenes Database (ver. 
2013.05) and annotated for species composition and 
abundance, as previously described (18). The β diversity 
at the phylum level was calculated based on the weighted 
UniFrac distance of rarefied tables (19). We used a linear 
discrimination analysis (LDA) with effect size (LEfSe) on 
OTU tables with a LDA score >2.0 to determine the most 
abundant genera and species in each study group (20).  
MetaStat analysis was used to evaluate differences in species 
abundance between the study groups (21). Statistical 
analysis was conducted using Graphpad Prism ver. 6 (IBM, 
Armonk, NY, USA). Intergroup differences were evaluated 
using chi-squared tests or a Kolmogorov-Smirnov test, with 
the level of significance being set at P<0.05.

Results

Participant characteristics

Four patients were excluded from our analysis. A total of 
7 patients [3 female, 4 male, median age: 59 years (range,  
42–67 years)] with colorectal cancer were included in our 
study. The demographic and clinical characteristics of the 
patients are presented in Table 1. After chemotherapy, the 
neutrophil (109/L) and platelet counts were significant 
decreased (0.60±0.12; 174.00±54.87, respectively), 
compared to pre-treatment. In addition, the expression of 
several cancer biomarkers was significantly decreased after 
chemotherapy, except for CA153 (U/L). Serum ferritin 
was increased in patients in the post-chemotherapy group, 
which showed that the treatment of patients had been 
successful with good outcomes (Table 2).

Table 1 Demographic and clinical characteristics of patients

Variable All patients (n=7)

Age [years, median (min, max)] 59 (42, 67)

Gender, n (%)

Male 4 (57.1)

Female 3 (42.9)

Race, n (%)

Han 7 (100.0)

Diet, n (%)

Association with Chinese dietary pattern 7 (100.0)

Tumor location, n (%)

Ascending colon 1 (14.3)

Transverse colon 2 (28.6)

Descending colon 1 (14.3)

Sigmoid colon 1 (14.3)

Rectum 1 (14.3)

Ileocecal cancer 1 (14.3)

SD, standard deviation.
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Table 2 Laboratory index of patients before and after chemotherapy

Variable Before treatment (mean ± SD) After treatment (mean ± SD) P value

Leucocytes (109/L) 6.18±2.26 5.69±2.86 0.728

Neutrophils (109/L) 13.37±33.79 0.60±0.12 0.337

Red blood cell distribution width (%) 12.99±0.70 20.41±4.80 0.002

Platelets (109/L) 230.86±41.36 174.00±54.87 0.049

Thrombin time (sec) 15.64±1.45 15.23±1.13 0.566

D-dimer 4.28±7.14 1.43±1.25 0.319

Carcinoembryonic antigen (ng/mL) 92.82±110.05 28.86±31.47 0.165

CA125 (U/L) 76.73±82.70 41.97±43.74 0.345

CA199 (U/L) 2,992.45±7,504.22 661.37±1,687.11 0.438

CA153 (U/L) 12.39±13.79 16.09±12.26 0.605

CA724 (U/L) 66.19±89.46 24.44±38.87 0.280

Cyto-keratin 19 fragment antigen 21 CYFRA21-1 (U/L) 15.65±17.24 3.28±1.19 0.083

Neuron-specific enolase (ng/mL) 15.32±5.30 10.39±2.42 0.045

Squamous carcinoma-associated antigen (ng/mL) 1.70±2.62 0.79±0.38 0.381

Serum ferritin (μg/L) 93.10±73.12 267.43±324.08 0.190

Alanine aminotransferase (U/L) 15.43±6.67 20.33±12.95 0.391

Aspartate transaminase (U/L) 17.39±4.35 23.69±5.90 0.042

Albumin (g/L) 38.30±4.22 38.93±2.98 0.753

Total bilirubin (μmol/L) 8.60±2.50 11.04±3.79 0.181

Direct bilirubin (μmol/L) 2.46±0.88 3.26±0.91 0.120

Total bile acids (μmol/L) 2.70±2.35 3.95±2.33 0.337

Alkaline phosphatase (IU/L) 139.54±116.09 96.19±58.01 0.394

γ-Glutamyl transpeptidase (U/L) 52.63±55.65 81.07±128.22 0.600

Glucose (mmol/L) 4.51±0.37 5.13±0.88 0.111

Serum creatinine (μmol/L) 74.13±13.03 66.47±12.13 0.277

Uric acid (μmol/L) 276.91±60.37 290.74±103.10 0.765

Creatine kinase (U/L) 59.04±34.95 50.61±23.95 0.608

Lactic dehydrogenase (U/L) 163.03±31.37 170.44±27.10 0.645

Phosphorus (mmol/L) 1.02±0.10 1.06±0.16 0.585

Magnesium (mmol/L) 0.90±0.06 0.91±0.04 0.720

Calcium (mmol/L) 3.90±0.46 3.95±0.38 0.828

Sodium (mmol/L) 142.90±3.45 142.21±1.45 0.635

Chloride (mmol/L) 104.19±2.31 104.41±2.63 0.871

Carbon dioxide (kPa) 26.05±1.88 27.84±1.40 0.066

SD, standard deviation.
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Metagenomic data and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) metabolism pathway between pre-and 
post-chemotherapy for colorectal cancer patients

A total of 57.87 Gb of metagenomic data were obtained 
from 7 colorectal cancer patients before chemotherapy, 
which means the average score was 8.27 Gb per individual; 
a total of 389.24 M high quality “Reads” were obtained, and 
the average high quality reads obtained for each individual 
was 55.61 M. whereas a total of 63.23 Gb metagenomic 
data were obtained from 7 cases of colorectal cancer 
patients after chemotherapy, with an average of 9.03 Gb per 
individual; a total of 425.13 M high quality “reads” were 
obtained, and the average quality of reads per individual was 
60.73 M.

From the taxa of the phylum, there were some changes 
in the relative abundance of intestinal microbes in 
patients between pre-and post-chemotherapy, and then 
we further studied the detailed difference in bacteria taxa 
following phylum, order, family, genus and species taxa. 
First, the bar plot results showed the pattern of relative 
abundance of all bacteria isolated from stool samples 
of patients before or after chemotherapy treatment 
seemed to be difference (Figure 1), but there was no 
significant differences in the KEGG pathway between 
the two groups. Figure 1B shows the top five pathways 
are two-component system, phenylalanine metabolism, 
degradation of aromatic compounds, β-lactam resistance 
and folate biosynthesis.

Relative abundances of bacterial kingdom, phylum, class, 
order, family and species in stool specimens in colorectal 
cancer patients

In the two groups of samples (pre- or post-chemotherapy), 
more than 99.6% strains of the intestinal flora were 
screened out at the level of kingdom, which were bacteria, 
less than <0.4% were viruses and Archaea (Figure 2A), 
and then we calculated the relative abundance of the five 
most common bacterial phylum in the fecal samples (n=7) 
prior to chemotherapy. As shown in Figure 2B, these top 
five phylum included Bacteroides, Firmicutes, Proteobacteria, 
Actinobacteria and Verrucomicrobia. In particular, the 
abundance of Actinomycetes appeared to be increased after 
chemotherapy (P=0.078), but for both groups the values did 
not reach statistical significance.

At the level of the class taxa, the relative abundance 
of Bacteroidia, Clostridia, Negativicute declined in the 
intestinal flora after chemotherapy. Bacilli, Erysipelotrichia, 
Betaproteobacteria, Deltaproteobacteria appeared to have 
increased after chemotherapy (Figure 2C) in the top 20 most 
abundance of intestinal flora, but there was no significant 
difference between the pre-and post-chemotherapy groups.

Next, we calculated and compared the top 15 most 
abundance of intestinal flora in patients before and 
after chemotherapy at the level of order and family: 
among them, Bacteroidales, Clostridiales, Selenomonadales, 
Pasteurellales, Erysipelotrichales, Bifidobacteriales, Lactobacillus, 
Actinomycetales, Burkholderiales, Desulfovibrionales all 
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Figure 2 The relative abundance of bacteria isolated from stool samples of patients before and after chemotherapy at the level of (A) 
kingdom, (B) phylum, and (C) class. Note: c indicates class, k indicates kingdom and p indicates phylum.
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exhibited approximate differences in the order level, 
but only the relative abundance of Bifidobacteriales was 
significantly increased after chemotherapy. 

In addition, at the family level, there seemed to be 8 
differences in abundance of intestinal flora in the top 20 family 
level, namely Prevotellaceae, Lachnospiraceae, Eubacteriaceae, 
Pasteurellaceae ,  Erysipelotrichaceae ,  Ruminococcaceae , 
Bifidobacteriaceae and Oscillospiraceae (Figure S1A,B),  
but only Bifidobacteriaceae was significantly increased after 
chemotherapy.

The relative abundances of taxa in the top 20 genus and 
species before chemotherapy were compared to those of 
post-chemotherapy at the level of the genus and species, 
and the results showed significant differences between the 
study groups (Figure 3). At the level of genes (Figure 3A), 
the relative abundances of 5 genuses were higher in the 
pre-chemotherapy colorectal cancer patients and 3 genuses 
were higher in post-chemotherapy patients, but actually, 
only Prevotella was statistically significantly increased after 
chemotherapy. At the level of species (Figure 3B), the 
relative abundance of 6 species seemed to be higher and 6 
species seemed to be lower in the pre-chemotherapy group 
for the 20 top abundant intestinal flora; these results hinted 
that colorectal cancer pathology has an impact on Prevotella 
in the gut microbiome after chemotherapy. The abundance 
of Prevotella and the severity of postprandial distress-like 
symptoms in patients with functional dyspepsia exhibited an 
“inverse correlation” (22).

Actinomycetes and Bifidobacterium longum

From the results shown in Figure 2A, at the level of the 
phylum, the abundance of Actinomycetes appeared to have 
changed before and after chemotherapy, although the 
difference was not statistically significant. The abundance 
of Actinomycetes isolated from patients after chemotherapy 
treatment was 2.5 fold higher compared to patient 
levels before chemotherapy, but there was no significant 
difference of Actinomycetes at the order level. The abundance 
of Bifidobacteriales at the level of the order and family as 
well as genus after chemotherapy increased significantly 
(P=0.047, P=0.047 and P=0.047, respectively) compared to 
before chemotherapy. A total of 9 genuses were detected 
for Actinomycetes at the level of the genus during pre- 
or post-chemotherapy, which included Gordonibacter, 
Bifidobacterium, Slackia, Collinsella, Actinomyces, Eggerthella, 
Alloscardovia, Atopobium, At the level of species, 18 were 
detected to likely have exhibited some changes before and 

after chemotherapy, but only Bifidobacterium longum was 
significantly increased and there was a significant difference 
compared with before chemotherapy (P<0.05) (Figure 4). 
These findings suggested that there might be a correlation 
between Bifidobacterium longum species in colorectal 
cancer, an idea that requires further investigation, while 
Bifidobacterium longum is a probiotic species that appears to 
be destined for use in humans (23).

Comparison of the changes of relative abundances of 
Bifidobacterium longum between patients with favorable 
(stable disease) and unfavorable outcomes (progressive 
disease) after chemotherapy from baseline

Based on the above results (supra vide), we further analyzed 
the relative abundances of Bifidobacterium longum in fecal 
samples of patients after chemotherapy, and found that 
there was a significant difference in the relative abundance 
of Bifidobacterium longum between, after and before 
chemotherapy in patients with stable disease who achieved 
more than 6 cycles of the XELOX regimen (P=0.022). 
There was no significant difference in the relative 
abundance of Bifidobacterium longum in progressive disease 
patients (P=0.225). However, we estimate the changes in 
relative abundance of Bifidobacterium longum species after 
chemotherapy from baseline in the favorable outcome 
population (stable disease, SD), was significant higher than 
in the unfavorable outcome population (progressive disease, 
PD) (P=0.023) (Figure 5).

Discussion

In the present study, we first confirmed that Bifidobacterium 
longum, one of the 32 species that belong to the genus 
Bifidobacterium of the Actinomycetes phylum, was significantly 
increased in abundance in colorectal cancer patients after 
XELOX chemotherapy, a finding of great interest.

Actinomycetes are widely found in nature and belong to 
the bacterial domain (Kingdom) of prokaryotic organisms. 
The Actinomycetes phylum only contains the Actinomycetes 
class, which can be divided into six subclasses: Actinobacteria, 
Acidimicrobiia, Coriobacteriia, Nitriliruptoria, Rubrobacteria, 
Thermoleophilia, and 8 genus, Actinomycetes Actinomyces, 
Actinobaculum, Varibaculum, Arcanobacterium, Mobiluncus, 
Trueperella, Flaviflexus and Falcivibrio (24).

Previous studies have reported that many Actinomycetes 
strains have rich antibacterial and antitumor activities, 
and it has been speculated that intestinal Actinomycetes in 
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the human and animals will be a new field for abundant 
exploitable anti-bacterial resources (25). For example, 
Bifidobacterium longum, which was increased in abundance 
in patients after chemotherapy in the present study, 
has already been confirmed to have many physiological 

functions beneficial to the human body, and has a strong 
lipoteichoic acid content in the bacterial cell wall and 
immunization and antitumor activity in vitro (26). It has also 
been reported that after chemotherapy in cancer patients, 
intestinal function is impaired and that the numbers of 
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Bifidobacteria are often significantly reduced (27). However, 
as normal intestinal flora, Bifidobacterium have the ability 
to adapt to changes in growth and evolution. Some studies 
have found that the Bifidobacterium adaptively adjusts both 
its morphology and resistance to drugs after being inhibited 
by 5-fluorouracil (5-FU), and successfully overcomes 5-FU 
inhibition of its growth (28). In a randomized, double-
blind, placebo-controlled pilot study of 44 adults with IBS 
and diarrhea or a diarrhea/constipation-stool pattern and 
mild to moderate anxiety and/or depression, Bifidobacterium 
longum NCC3001 showed a benefit in reducing depression 
(but not anxiety scores) and increasing the quality of life of 
patients with IBS.

Since the samples of intestinal flora were acquired 
after chemotherapy in patients with colorectal cancer 
during the first evaluation period, the interval from the 
first chemotherapy cycle was nearly 2 months. Thus, it is 
speculated that the intestinal Bifidobacteria would be inhibited 
at the early stage of chemotherapy, but may re-grow after 
adaptive changes and become resistant to chemotherapeutic 
drugs. In particular, the significant difference in abundance 
of Bifidobacterium longum at the level of species was observed 
in patients pre- and post-chemotherapy, which implied that 
there was an interesting correlation between Bifidobacterium 
longum and tumors in patients with colorectal cancer, as well 
as the efficacy of chemotherapy. 

Changes in the abundance of Bifidobacteria were found 
in patients with colorectal cancer to be related to five 
metabolic functions, which exhibited closely significant 
differences between the pre-and post-chemotherapy groups, 
such as glycine, serine and threonine metabolism and xylene 
degradation, which also need to be further analyzed in 
future studies.

However, a previous investigation also showed that 
clinical outcomes for patients undergoing intensive 
anticancer treatments were influenced by the composition 
of the gut microbiome (29,30). Therefore, gut microbiota 
might contribute to the favorable outcome of patients 
who achieved remission following chemotherapy, without 
the need for antimicrobial drug treatment. Bifidobacterium 
longum ,  a  probiotic bacterium with a long l ist  of 
health benefits for the colon, increased after XELOX 
chemotherapy. Bifidobacterium longum has anti-inflammatory 
properties that protect the cells lining mucous membranes 
from toxins and facilitates immune cells to mature so 
they can function properly. This probiotic microbe is also 
present in breast milk and is one of the first microbes to 
colonize the infant gut (23).

For our pilot study, we recruited patients with colorectal 
cancer who achieved successful chemotherapy without the 
need for antimicrobial therapy. We collected stool samples 
from these patients to examine their fecal microbiota. We 
characterized differences between the microbiomes of these 
patients before and after chemotherapy, and we quantified 
changes in the relative abundances of the colorectal cancer 
patients’ microbiota produced by chemotherapy. Our results 
demonstrated that the gut microbiomes of colorectal cancer 
patients before chemotherapy differed from those post-
chemotherapy, although did not exhibit significant different 
relative abundances in the gut microbiome. Our analysis of 
colorectal patients before and after chemotherapy showed 
that the relative abundance of Bifidobacterium longum in 
stools of colorectal cancer patients was significantly greater 
than in pre-treatment patients, which suggested that these 
species might have contributed to favorable outcomes for 
these patients, since the increase of Bifidobacterium longum in 
stools of patients with stable disease was significantly higher 
than in patients with progressive disease (Figure 5).

Previous studies of intensive care unit patients, and 
patients who received anticancer treatment, revealed that 
oral and gut microbiota underwent a series of changes upon 
admission of patients for inpatient care and throughout the 
course of their treatment, resulting in progressive loss of 
diversity and enrichment with potentially pathogenic taxa 
(31-33). A single-center study of intensive care unit patients 
in Japan found that a ratio of Bacteroidetes to Firmicutes 
>10 was associated with mortality (34). Bacteroidetes and 
Firmicutes were among the 10 most abundant phyla in 
our colorectal cancer patients, but we observed no such 
extremes in the ratio of these taxa.

The design of the present study did not directly address 
the effects of the gut microbiome on successful remission of 
colorectal cancer, but our results do warrant future large-
scale clinical investigations of the potential contribution  
of gut microbiota to remission status in colorectal cancer 
patients. 

Our findings are subject to certain limitations. First, 
the small sample size of our colorectal cancer patients and 
second, the single-center nature of our study design limited 
the statistical power of our findings.

Conclusions

We analyzed the gut microbiomes of colon patients who 
completed chemotherapy without requiring antimicrobial 
therapy and had achieved 8 weeks post-treatment survival. 
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Following chemotherapy, the relative abundances of 
Bifidobacterium longum in stools of colon patients were 
significantly greater than at pre-chemotherapy. Our results 
suggested that these taxa might have contributed to the 
positive clinical outcomes of colon cancer patients. Our 
results warrant future large-scale multicenter studies to 
examine microbiota in this small subset of colon patients to 
determine whether their microbial community structures 
are associated with favorable clinical outcomes.
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Figure S1 The relative abundance of bacteria isolated from stool samples of patients before and after chemotherapy treatment at the level of (A) order and (B) family. Note: f 
indicates family and o order.
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