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Background: Intestinal microbiota play a critical role in the development of colorectal
cancer. However, little is known about the structure and characteristics of gut microbial in
colorectal cancer, especially in locally advanced rectal cancer after neoadjuvant chemoradia
tion therapy.
Methods: Here, we performed this study to evaluate microbial characteristics between
pathologic complete response (pCR) (n=12) and non-pathological complete response (NonpCR) (n=45) tumor tissues from patients with locally advanced rectal cancer after neoadju
vant chemoradiation therapy. In this study, 16S rRNA gene sequencing was used to detect the
microbial diversity including Alpha diversity and Beta diversity. Moreover, we used
PICRUSt from the Kyoto Encyclopedia of Genes and Genomes (KEGG) database to predict
the microbial metabolism functions.
Results: There was significant statistical difference in PFS between pCR and Non-pCR
group (p < 0.05). However, there was no significant difference in OS between pCR and NonpCR group. The microbial compositions in the both groups were Proteobacteria,
Actinobacteria, Firmicutes and Thermi and Bacteroidetes at the phylum level. The five
most predominant genera in both pCR and Non-pCR tissue groups were Sphingobium,
Acinetobacter, Cupriavidus, Thermi and Sphingomonas at the genus level. The key taxa
identified in the pCR and Non-pCR tissues were Thermi and Sphingomonadaceae respec
tively. In addition, a series of human disease-related genes were also significantly different
between pCR and Non-pCR group.
Conclusion: In summary, we demonstrated the characteristic differences in microbial
communities between pCR tissues and Non-pCR tumor tissues from locally advanced rectal
cancer patients after neoadjuvant chemoradiation therapy. Our results present new alterations
in the microbiome in locally advanced rectal cancer after neoadjuvant chemoradiation
therapy, suggesting that it will provide a new perspective for the precise treatment of
neoadjuvant rectal cancer by targeting specific microbial species in the future.
Keywords: intestinal microbial, 16S rRNA gene sequencing, pathologic complete response,
neoadjuvant chemoradiation therapy, colorectal cancer

Introduction
Colorectal cancer (CRC), the third leading cause of cancer death, is one of the most
malignant cancer at home and abroad in the past few years.1 Local advanced rectal
cancer patients are usually treated with neoadjuvant chemoradiation therapy.
Neoadjuvant chemoradiation therapy can not only reduce the local recurrence rate
and increase the surgical resection rate, but also abate the tumor staging of some
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rectal cancer patients' pathologic complete response
(pCR). The pathologic complete response rates of local
advanced rectal cancer patients after Neoadjuvant chemor
adiation therapy is approximately 15–30%. However,
30–80% of local advanced rectal cancer patients experi
ence a non-pathological complete response (Non-pCR).
A various and abundant community of microorganisms
(archaea, fungi, protozoa and viruses) inhabit in human
intestinal tract.2 The human digestive tract is colonised
with about 1014 bacteria, which mostly present in the
colon and rectal.3 A great amount of microbial cells from
over several hundreds of different species, which genomes
can entail, globally, over three million genes, formed the
typical gut microbiome.4 According to previous research,
some bacterial species have been directly related with
CRC carcinogenesis, such as Streptococcus bovis,
Enterococcus faecalis, Bacteroides fragilis, Escherichia
coli and Fusobacterium spp.5 This complex ecosystem
interacts with the host in some special ways, facilitating
various processes such as human metabolism, immune
response, tissue damage and tumorigenesis.6,7
We hypothesized that the outcomes between pCR and
Non-pCR rectal cancer patients after neoadjuvant chemor
adiation therapy might differ by the contents of microor
ganisms in tumor tissue.
To test our hypothesis, we analyzed the tumor micro
bial diversity and compositional differences between pCR
and Non-pCR rectal cancer patients' tumor tissue after
neoadjuvant chemoradiation therapy in a clinical cohort,
using 16S rRNA gene sequencing technology. We exam
ined outcomes between pCR and Non-pCR rectal cancer
patients by the contents of microorganisms in tumor tissue.

Materials and Methods
Study Population
A total of 57 colorectal cancer samples were included
from our hospital, from January 2015 to November 2017.
The patients were followed up regularly, and the last time
was August 31, 2019. Antimicrobial agents were not used
2 weeks before operation or during operation, and no
antimicrobial components were found in intestinal pre
parations, and patients who had received steroids or immu
nosuppressants within 6 months prior to enrolment were
not included in the study.8 The clinical stage before neoad
juvant chemoradiotherapy in enrollments patients is cT3/
4N+M0 according to the 2015 NCCN Guidelines accord
ing to the clinical trial recruitment of time. We used the
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Mandard’s version of tumor regression grade (TRG)9 in
the method. TRG was quantitated in five grades: TRG 1
showed absence of residual cancer; TRG 2 was character
ized by the presence of rare residual cancer cells scattered
through the fibrosis; TRG 3 was characterized by an
increase in the number of residual cancer cells, but fibrosis
still predominated; TRG 4 showed residual cancer out
growing fibrosis; and TRG 5 was characterized by absence
of regressive changes. The regimen for neoadjuvant che
moradiotherapy used was Capecitabine and long-course
radiotherapy in our study. The radiotherapy regimen used
by the researchers was PTV with a total dose of 50.4Gy
for 28 times, 1.8Gy each time, 5 times a week.
Tumor tissue samples were divided into two groups:
pathologic complete response (pCR, n=12) and Nonpathological complete response (Non-pCR, n=45) after
neoadjuvant chemoradiation therapy with colorectal can
cer. No patients in two groups had personal or familial
history of colorectal cancer or colitis (either ulcerative,
Crohn’s, radiation or infectious colitis, chronic inflamma
tory illnesses), previous colonic or small bowel resection,
nor previous colon adenomas or familial polyposis syn
drome. Patients who were diagnosed with rectal cancer
have undergone neoadjuvant therapy and received tumors
surgically resection. Extra samples were macrodissected
by an experienced pathologist and used for DNA extrac
tion and bacterial community profiling.

Total DNA Extraction from Microbiome
and 16S rRNA Gene Sequencing
We extracted total microbiome DNA from tissue samples
of 57 patients utilizing the Omega Mag-Bind Soil DNA
Kit (Omega Bio-Tek, Norcross, GA, USA) and used 0.8%
agarose gel electrophoresis to detect DNA extraction qual
ity. Ultraviolet spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA) was used to quantify
DNA. Then, we stored all obtained DNA samples imme
diately at −80°C until further processing.

The V3V4 Variable Region of Genomic
16S rRNA Gene Was Amplified by PCR
Illumina sequencing method was used to amplify the V3V4
variable region of 16S rRNA of bacterial genome by PCR.
Primers were designed according to the V3V4 region of the
16S rRNA gene of standard bacteria. The upper and lower
primer sequences were 5ʹ-ACTCCTACGGGAGGCAGCA
-3ʹ and 5ʹ-GGACTACHVGGGTWCTAAT-3ʹ respectively.
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In order to identify different samples, specific Barcode was
added to the sample sequence, and 16S rRNA V3V4 vari
able region PCR was amplified using Q5 high-fidelity
DNA polymerase. As far as possible, low cycle number
was used for amplification, and the amplification condi
tions of each sample were consistent. PCR amplification
was carried out on Applied Biosystems® 2720 PCR ampli
fication device, and the amplification system was 25living
L. The amplification process was as follows: predenaturation at 98°C for 2min, denaturation at 98°C for
15 s, annealing at 55°C for 30 s, and extension at 72°C for
30 s. 25cycles were performed for each of the above steps.
PCR amplification products were detected by 2% agarose
gel electrophoresis and the target fragments were recov
ered. Using the Microplate reader Assay Kit and the quantit PicoGreen dsDNA Assay Kit, the recovered products of
PCR amplification were assayed for fluorescence quantifi
cation. Finally, according to the fluorescence assay results,
the samples were mixed according to the corresponding
ratio.

Construction of Sequencing Library and
High Throughput Sequencing
We used the TruSeq Nano DNA LT Library Prep Kit to
construct the high-throughput sequencing Library. Then,
we perform high-throughput measurements on Illumina
MiSeq PE 250 platform sequence. According to the spe
cificity of the primer and Barcode, we matched the
selected sequences with the samples one by one, and
removed the question sequences. We processed the
sequencing data according to the method previously
described. Just to be brief, USEARCH software through
the UPARSE-OUT algorithm was utilized to choose paired
sequences at a 97% identity match to operational taxo
nomic units (OTUs). We used QIIME software to assign
the representative sequence taxonomically by searching
against the Greengenes database10 with default parameters.
And then, we created an original OTU composition table
to record the OTU abundance for each sample and the
taxonomic classification for each OUT. We discarded these
OTUs with abundance <0.001% of the total sequences in
all samples.11
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All subjects provided written informed consent before they
participated in the study.

Microbial Diversity and Taxonomic
Analysis
Microbial alpha diversity was analyzed by sampling-based
OUT table and presented by Chao1, ACE, Shannon and
Simpson’s diversity indices,12 which was calculated using
the Wilcoxon rank sum test. A ranked abundance curve
represented the richness and evenness of species, which
was performed by R software. Beta diversity was assessed
according to the difference of microbial community struc
tures among groups using Principal Coordinates Analysis
(PCoA) conducted by weighted UniFrac and unweighted
UniFrac. Microbial taxonomic analyses and comparison at
the level of phylum and genus were performed between
two groups, using the statistical method of Metastats13
conducted by Mothur software. Furthermore, linear discri
minant analysis (LDA) effect size (LEfSe) was applied to
analyze microbial characterisation, by the Galaxy analysis
platform online. The Spearman rank correlation coefficient
between the dominant genera with the abundance of the
top 50 was calculated by Mothur software. Network ana
lysis of the dominant genus with rho > 0.6 and P < 0.01
was conducted by Cytoscape.14 We used PICRUSt from
the Kyoto Encyclopedia of Genes and Genomes (KEGG)
database to predict the microbial metabolism functions.14

Statistical Analysis
We analyzed the data by GraphPad Prism 7.0 and SPSS
Statistics 19.0. One-way analysis of variance (ANOVA)
was used to analyze differences among three or more
conditions, while Permutational Multivariate Analysis of
Variance (PERMANOVA) was used to analyze the statis
tical test of differences of both groups. Student’s t-test was
used to analyze the two-condition. Kaplan–Meier survival
analysis was used to compare progression-free survival
(PFS) and over survival (OS) between pCR and NonpCR groups. OS was calculated from the date of surgery
to the date of death by any cause or the last follow-up
visit. Significance was established at the p<0.05 level.

Community Metabolic Modeling

Results
Demographic Characteristics of Patients
with pCR and Non-pCR

We compared the 16S rRNA gene sequence of each OTU
from our dataset with the genes identified in the genomes.

A total of 57 CRC tumor tissue samples were collected.
After a rigorous pathological diagnosis, 12 pCR and 45
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Figure 1 Study design and flow diagram.

Non-pCR samples were included. The microbial diversity
of all tissue samples was detected by 16S rRNA Illumina
MiSeq sequencing (Figure 1). The clinical characteristics
of patients with pCR and Non-pCR are presented in
Table 1A and B and Figure 2. Statistical analysis showed
no significant differences in primary site, TRG classifica
tion after neoadjuvant therapy, OS(M) and differentiation
state after neoadjuvant therapy between the two groups (all
p > 0.05). Significant differences were observed in gender
(p < 0.001), treatment strategies (p = 0.016) and PFS(M)
(p = 0.049).

Microbial Richness and Diversity in the
Tissue Samples
In this study, there were 647 OTUs obtained in all, 152
OTUs in the pCR tissues, 64 OTUs in the Non-pCR
tissues and 431 OTUs shared in both groups. Venn dia
gram showed the distribution of OTUs detected in tis
sues of colorectal cancer patients with pCR or Non-pCR
after neoadjuvant therapy (Figure 3A). Alpha diversity
indices, which included ACE, Chao1, Shannon and
Simpson indices, and they were used to estimate the
richness and diversity of bacterial communities in the
pCR and Non-pCR tissue groups. Alpha diversity was
used to estimate the richness of the microbiome and its
heterogeneity or proportion distribution. ACE indices for
the pCR (190.28) and Non-pCR (132.24) differed
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significantly from each other (p < 0.001). Chao1 indices
for the pCR and Non-pCR were 0.87 and 0.77, respec
tively (p < 0.001). Shannon indices for the pCR and
Non-pCR were 0.87 and 0.78, respectively (p < 0.001).
Simpson indices for the pCR and Non-pCR tissues were
4.12 and 3.27, respectively (p < 0.001) (Figure 3B–E).

Difference in Bacterial Compositions
Between the pCR or Non-pCR Groups
Beta indices were also a key index, which included prin
cipal component analysis (PCoA), non-metric multidimen
sional scaling (NMDS) and Clustering analysis with
weighted and unweighted UniFrac distance made up Beta
indices, showing that samples cluster strongly by indivi
dual, Beta indices were used to estimate sample cluster
strongly by individual, with marked separation between
individuals. NMDS showed highly significant difference
in bacterial community between pCR and Non-pCR
groups (p < 0.05) (Figure 4). PERMANOVA analyses
showed a high significant difference between the micro
biome composition of pCR and NpCR tumor tissues (both
weighted and unweighted p < 0.001) (Table 2).

Microbiota Composition at the Phylum
and Genus Levels
The relative proportions of dominant taxa at the phylum level
were evaluated through microbial taxon assignment in both
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Table 1 Clinical Characteristics of the Enrolled Participants in Discovery Phase
Clinical and Pathological Indexes

Total (n=57)

Patients (n=57)
pCR (n=12)

(n=45)

P values

(A)
Gender
Female
Male

23
34

4 (33.33%)
8 (66.67%)

19 (42.22%)
40 (57.78%)

<0.001***

Primary Site
Colon

3 (6.67%)

3

0 (0)

Sigmoid

3

0 (0)

3 (6.67%)

Rectum

51

12 (100%)

39 (86.66%)

37

12 (100%)

25 (55.56%)

After chemotherapy

19

0 (0)

19 (42.22%)

After radiotherapy

1

0 (0)

1 (2.22%)

Differentiation State
Undifferentiation
Low differentiation

11
8

0 (0)
2 (16.67%)

11 (24.44%)
6 (13.33%)

Medium differentiation

14

4 (33.33%)

10 (22.22%)

High differentiation

24

6 (50.0%)

18 (40.01%)

57

12 (100%)

45 (100%)

0

0 (0)

0 (0)

1

12

4 (33.33%)

8 (17.78%)

2
3

8
22

2 (16.67%)
4 (33.33%)

6 (13.33%)
18 (40.0%)

4

15

2 (16.67%)

13 (28.89%)

5

0

0 (0)

0 (0)

OS (M)
>40
(30,40)

4
5

1 (8.33%)
1 (8.33%)

3 (6.67%)
4 (8.89%)

(10,30)

39

8 (66.67%)

31 (68.88%)

(0,10)

9

2 (16.67%)

7 (15.56%)

PFS (M)
>30

6

1 (8.33%)

5 (11.11%)

(20,30)

8

2 (16.67%)

6 (13.33%)

(10,20)
(0,10)

15
28

7 (58.33%)
2 (16.67%)

8 (17.78%)
26 (57.78%)

Treatment Strategies
After radiotherapy and chemotherapy

0.016*

(B)
Duration between neoadjuvant therapy and surgery
(week)
(6,7)
[7,8]
TRG

0.060

0.049*

Notes: The p-values for categorical and continuous variables were performed by chi-squared test and two independent samples t-test, respectively. CRC tumor locations
included 3 colon, 3 sigmoid and 51 rectum samples. The p-values for categorical and continuous variables were performed by chi-squared test and two independent samples
t-test, respectively. *P< 0.01; ***P< 0.001.
Abbreviations: pCR, pathologic complete response; NpCR, non-pathological complete response.

groups. The most abundant phyla in pCR and Non-pCR tumor
tissues were Proteobacteria, Thermi, Actinobacteria,
Firmicutes and Bacteroidetes at the phylum level, accounting

Cancer Management and Research 2021:13

for 98% of the total community. Proteobacteria (6.75% versus
1.06%) was enriched in the Non-pCR group compared to the
pCR group, whereas Actinobacteria, Bacteroidetes,
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Figure 2 OS and PFS of pCR group were obviously longer than NpCR group. Kaplan–Meier curves for colorectal cancer-progression-free survival (A). Kaplan–Meier curves
for colorectal cancer-overall survival (B).
Abbreviations: OS, overall survival; PFS, progression-free survival; pCR, pathologic complete response; NpCR, non-pathological complete response.

Figure 3 Microbial community richness and Alpha diversity in pCR and NpCR tumor tissues. (A) Venn diagrams. The Venn diagrams represent the shared and unique taxa
among the different tissues. The microbial diversity, as estimated by the ACE index (B), Chao1 index (C), Shannon index (D) and Simpson index (E), in the both groups was
significant. **p < 0.01; ***p < 0.001.
Abbreviations: pCR, pathologic complete response; NpCR, non-pathological complete response.

Deferribacteres, Firmicutes, Planctomycetes, Fusobacteria
were enriched in the pCR group (Figures 5A and 6A). The
five most predominant genera in both pCR and Non-pCR
tissue
groups
were
Sphingobium,
Acinetobacter,
Cupriavidus, Sphingomonas and Thermus at the genus level.
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In the pCR groups, the distribution was Thermus (8.12%),
Sphingobium (5.18%) and Sphingomonas (0.30%). In the
Non-pCR tissues, the distribution was Sphingobium (7.00%),
Thermus (4.59%), Arthrobacter (1.76%) and Ochrobactrum
(0.33%). Sphingobium was significantly higher in the pCR
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Figure 4 Beta diversity assessed by NMDS analysis in pCR and NpCR tissues. NMDS analysis (non-metric multi-dimensional scale) analysis. The dots represent individual
samples. The distance of the sample point represents the similarity of the microbial community in the sample. The closer the distance is, the higher the similarity. (A)
Unweighted UniFrac PCoA plots; (B) weighted UniFrac PCoA plots. NpCR group (red dots); pCR group (blue dots).

tissues (p < 0.001) than Non-pCR tumor tissues among these
predominant genera (Figures 5B and 6B).
To compare the significant differences in the microbial taxa
between pCR and Non-pCR tumor tissues, the Metastats
method and LEfSe analysis were conducted, and the top 20
taxa were analyzed. The abundance of the phyla, including
Thermi,
Actinobacteria,
Bacteroidetes,
Firmicutes,
Planctomycetes and Fusobacteria increased in pCR tumor
tissues compared with Non-pCR tumor tissues (p < 0.05,
Figure 7A), while Proteobacteria decreased in pCR tumor
tissues compared with Non-pCR tumor tissues (p < 0.05)
(Figure 7A). Correspondingly, the abundances of the genera,
including Actinomyces, Anoxybacillus, Arthrobacter,
Burkholderia, Halomonas, Methylobacterium, Mucispirillum,
Neisseria,
Nitriliruptor,
Ochrobactrum,
Prevotella,
Sediminibacterium and Serratia were higher in pCR than in
Non-pCR tumor tissues (p < 0.05) (Figure 7A). In addition, key
taxa were identified in the Non-pCR and pCR tissues with
Table 2 Beta Diversity Assessed by Weighted and Unweighted
UniFrac Distances
Metric

Model

F

R2

p value

UniFrac

pCR vs NpCR (tumor

5.506

0.091

<0.001

11

0.167

<0.001

(unweighted)
UniFrac
(weighted)

tissues)
pCR vs NpCR (tumor
tissues)

Note: Weighted and unweighted Unifrac distances between different samples.
Abbreviations: pCR, pathologic complete response; NpCR, non-pathological
complete response.

Cancer Management and Research 2021:13

LEfSe analysis respectively. The key taxa in the pCR tissues
were Thermi (LDA score 4.59, p < 0.001) (Figure 7C). While
the key taxa in the Non-pCR tissues were Sphingomonadaceae
(LDA score 4.98, p < 0.001) (Figure 7C).

Discussion
Microbiota plays a critical part in the CRC carcinogenesis.
Our study first reported the microbial compositions in
rectal cancer after new adjuvant chemoradiotherapy. We
found the microbial compositions in both groups were
Firmicutes, Bacteroidetes, Proteobacteria, Actinobacteria
and Thermi at the phylum level. This result was consistent
with the following study.15 Gagnière et al reported that the
human intestinal flora mainly consisted of the
following three phylum: Firmicutes, Bacteroidetes and
Actinobacteria.15 Moreover, we revealed that alpha diver
sity and richness of the pCR groups were obviously higher
than Non-pCR groups, and the differences between the
two groups were markedly significant. According to our
study, we can infer the group with high alpha diversity or
richness may be conducive to achieving pathological com
plete remission after neoadjuvant therapy for rectal cancer
patients. Riquelme et al16 analysed the higher alpha diver
sity of tumor tissue in patients with pancreatic cancer be
more likely to earn longer survival for them, which is
consistent with our results. In addition, Yu et al17 believed
that a depressed microbial richness in the upper gastroin
testinal tract was connected with cancer-predisposing con
ditions of the stomach and esophagus. In other words, the
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Figure 5 Profiles of microbial taxonomic composition at the phylum and genus levels. Compositions of tissue microbiota at the phylum level (A) and genus level (B)
between pCR and NpCR tumor tissues.
Abbreviations: pCR, pathologic complete response; NpCR, non-pathological complete response.

level of alpha diversity may be associated with patient’s
prognosis.
From the relative abundance of species analysis at
the phylum level, we found that pCR group had
a superior proportion of Firmicutes, Actinobacteria,
Thermi and a lower scale of Proteobacteria than NonpCR tissue groups. Liu et al18 analyzed Firmicutes
showed a relatively high abundance in the ESCC
group, while Proteobacteria showed a decreasing rela
tive abundance compared to the healthy control group,
which is consistent with our analysis. Another research
reported that the abundance of Actinobacteria in blad
der cancer patients was higher than that in control
group according to comparing the microbiota.19
Yachida et al20 analysed the changes of microbiota in
patients with colorectal cancer and noted that
Actinobacteria was significantly increased in polypoid
adenomas and intramucosal carcinomas. This indicates
that increasing abundance of Firmicutes and
Actinobacteria are associated with cancer. Combined
with our research, we can deduce that the rising abun
dance of Fusobacteria, Bacteroidetes, Firmicutes and
Actinobacteria may be more conducive to achieving
a complete pathological response for rectal cancer
patients after neoadjuvant chemoradiation therapy and
more associated with patient prognosis.
Previous studies have found that some bacterial
species, including Streptococcus bovis,21–23 H.pylori,
24,25
Bacteroides
fragilis,21,26–28
Enterococcus
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Clostridium
septicum,29–31
faecalis,26
Fusobacterium,32–34 Escherichia coli35–37 have been
suspected to play a critical part in the colorectal
carcinogenesis.38,39 Fusobacteria nucleatum may
arouse the development of CRC and is identified as
an underlying risk threat for CRC progression in sev
eral reports.34,40 Researchers have testified that
a higher abundance of Fusobacterium nucleatum is
associated with a shorter survival time in CRC
patients.41 A recent study showed that Fusobacterium
was enriched in patients, suffering from chemoresis
tance and relapsed after chemotherapy of 5-FU and
its enrichment is an independent indicator of tumor
cell aggressiveness.42 Apart from the primary tumor
site, Fusobacterium is also enriched in distant meta
static tumors, indicating the relative stability between
paired primary and distant metastatic tumor sites.5 Our
findings showed that Fusobacteria were enriched in our
both groups, which is consistent with previous studies.
However, the richness of Fusobacteria was higher in
pCR tissues than Non-pCR tissues. Based on this
result, we can deduce that low relative richness of
Fusobacterium might have guiding significance to
identify whether rectal cancer was more advantageous
to PCR after neoadjuvant chemoradiation therapy. In
other words, Fusobacterium would be a promising
microbial identification marker or microbial target bac
teria, contributing to improving the pathological pCR
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Figure 6 Profiles of differential microbial communities at the phylum and genus levels. The increased microbial communities at the phylum level in pCR tumor tissues versus
NpCR tumor tissues (A). The increased microbial communities at the genus level in pCR tumor tissues versus NpCR tumor tissues (B). *p < 0.05; **p < 0.01; ***p < 0.001.
Abbreviations: pCR, pathologic complete response; NpCR, non-pathological complete response.

rate and prolong the PFS and OS of CRC patients after
neoadjuvant chemoradiation therapy.
In addition, our research found that the key taxa
identified in the pCR and Non-pCR tissues were
Thermi
and
Sphingomonadaceae
respectively.
However, it has rarely been studied or reported about
them in colorectal cancer, especially Thermi. Hu et al43
observed that species Sphingobium yanoikuyae and
genus Sphingobium had significant enrichment and
high relative abundance in superficial gastritis.
Sphingomonadaceae has a higher detection rate in gas
tric cancer biopsies.44 Additionally, Sphingobium
yanoikuyae has been reported to be negatively asso
ciated with breast cancer.45 Hu et al43 observed that
bacteria corresponding to family Sphingomonadaceae,

Cancer Management and Research 2021:13

especially
genus
Sphingobium
and
species
Sphingobium yanoikuyae, are negatively associated
with advanced gastric adenocarcinoma. Mei et al46
reported that Sphingobium were more abundant in the
duodenal mucosa of pancreatic cancer patients.
The mechanism of the gut microbiota affecting the host
response to radiotherapy is rarely known. Recently,
researchers have noticed that gut microbiota is closely
related to the response to radiotherapy.47 A recent study
assessed the fecal microbial composition of 5 mice that
had undergone radiation by 16S rRNA gene sequencing
and found that radiation increased the level of Alistipes
and decreased the Prevotella in colon at the phylum
level.48 Radiation may lead to significant alterations in
gut microbiota and detailed mechanisms underlying how
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Figure 7 The microbial taxa between pCR and Non-pCR tumor tissues at the phylum and genus levels and the distribution bar chart of LDA values. The distribution bar
chart of LDA values shows the species with LDA scores greater than the set value and the species with significantly different abundances in different groups. The length of
the histogram represents the size of the impact of significantly different species (A–C).
Abbreviations: pCR, pathologic complete response; NpCR, non-pathological complete response.

the gut microbiota influences responses to radiotherapy
need further study.
Abundant evidence indicates that the microbiome
and its metabolome precipitate tumorigenesis in CRC
tissue.49 To predict the metabolic functions of the
microbial community related to human diseases between
pCR and Non-pCR tumor tissues, PICRUSt was
used. The dysbiosis of human microbiota has been
linked to a wide range of diseases including cancer.
The relative abundance of neurodegenerative disease,
metabolic disease, infectious disease, immune
system disease and cardiovascular disease were signifi
cantly lower in pCR group than in Non-pCR group
(Figure 8).
This study includes noteworthy strengths and limita
tions. It is the first and largest study about the microbial
characteristics between pCR tissues and Non-pCR tumor
tissues from locally advanced rectal cancer patients after
neoadjuvant chemoradiation therapy to date. Moreover, we
use uniform operating procedures to obtain uniform tissue
samples. Also, we analyzed the common clinical variables
in detail and comprehensively. Furthermore, we chose
tissue samples rather than faecal samples because tissue
specimens are better and more powerful for the
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identification of microbiota in the initiation and develop
ment of CRC. Most importantly, We also analyzed the
relationship between microbial differences after neoadju
vant therapy and clinical prognosis.
Our research also exists several obvious drawbacks.
The small sample capacity is the main disadvantage so
that the difference of OS was not statistically signifi
cant. Another limitation is the potential lack of typi
cality and representativeness of existing datasets,
which only focused on our single center character. In
addition, the samples were paraffin tissue samples,
which might affect the microbiota profiles. More
importantly, our research is not deep enough and we
need to go further combine metabolomics and meta
transcriptomics with metagenomics to help us move
from descriptive studies to deductive mechanism
research.
In summary, we demonstrated the characteristic differ
ences in microbial communities between pCR tissues and
Non-pCR tumor tissues from locally advanced rectal cancer
patients after neoadjuvant chemoradiation therapy. We
deduce that targeting specific species, a new direction for
the precise treatment of CRC, may improve overall survival
in patients with colorectal cancer.
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Figure 8 Microbiota correlation network analysis. The relative abundance of neurodegenerative disease, metabolic disease, infectious disease, immune system disease,
cardiovascular disease and cancer were significantly lower in pCR group than in non-pCR group.
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