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Abstract
Purpose  Neo-adjuvant radiotherapy (NART) is a widely used pre-surgery radiotherapy for rectal cancer patients. Although 
NART is effective in reducing tumor burden before surgery, it may cause dysbiosis of intestinal microbiota. The intestinal 
microbiota shapes tumor inflammatory environment and influences cancer progression. However, how NART remodels the 
microbiota and how the microbiota affects therapeutic efficacy has been largely elusive. This study aimed to reveal the details 
of how NART affects the intestinal microbiota in patients with rectal cancer.
Methods  Rectal cancer patients who received NART were recruited into the study, and their healthy family members on 
the same diet served as controls. Stool samples from five rectal cancer patients (28 in total) and five healthy individuals (16 
in total) were collected for intestinal microbiota analysis by 16S rRNA gene amplicon sequencing. Samples from patients 
were divided into earlier- and later-NART according to the number of NART.
Results  NART did not significantly affect the α diversity of intestinal microbiota. However, the abundance of bacterial genera 
associated with cancer progression tended to decrease in later-NART patients. More importantly, a variety of oral pathogenic 
bacteria were enriched in the intestine of later-NART patients. NART also affected functional pathways associated with the 
microbiota in DNA repair, metabolism, and bacterial infection.
Conclusion  NART significantly altered the microbiota composition and function in rectal cancer patients, and some oral 
pathogens were found to translocate to the intestine. This is the first report to study the effect of NART on intestinal micro-
biota in patients with rectal cancer, exploring the importance of intestinal microbiota during the process of NART.

Keywords  Rectum · Radiotherapy · Intestinal microbiota · 16S rRNA gene high-throughput sequencing · Therapeutic 
efficacy

Introduction

Colorectal cancer (CRC) is a common malignant tumor of 
the digestive tract, which usually occurs at the junction of 
the rectum and sigmoid colon. CRC ranks second in mortal-
ity and third in incidence of all cancers worldwide, with one-
third of CRCs occurring in the rectum (Sung et al. 2021). 
Multiple factors, including individual genetic background, 
lifestyle, environmental factors (including diet and drugs), 
and intestinal microbiota, have been found to affect tumo-
rigenesis of CRC (Arthur et al. 2014; O’Keefe 2016; Zhao 
et al. 2022; Zhiqin et al. 2014). Compared with healthy peo-
ple, the composition and structure of intestinal microbiota 
in CRC patients may be changed, which further affects the 
tumorigenesis of CRC. In 1997, Dove et al. (1997) found 
that germ-free mice had fewer adenomas than specific path-
ogen-free mice, providing initial evidence for an association 
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between CRC and the intestinal microbiota. Scanlan et al. 
(2008) found that the temporal stability of intestinal micro-
biota was significantly reduced, whereas the diversity was 
increased in CRC patients compared to healthy individu-
als. To further confirm the association between CRC and 
intestinal microbiota, Wong et al. (2017) transplanted fecal 
microbiota from CRC patients and healthy individuals into 
the intestines of mice, and found that intestinal polyps and 
hyperplasia were significantly increased in mice carrying 
fecal microbiota from CRC patients. This result confirms 
that intestinal microbiota is tightly associated with tumori-
genesis of CRC. With the development of next-generation 
sequencing technology, a large number of studies have been 
carried out on the differences in the composition and struc-
ture of intestinal microbiota between patients with CRC 
and healthy individuals. These findings also indicate that 
the structural dysbiosis of the intestinal microbiota plays a 
direct or indirect role in the tumorigenesis of CRC (Sheng 
et al. 2019; Zhang et al. 2019a, b, Zorron Cheng Tao Pu 
et al. 2020). Twelve species of intestinal bacteria, including 
Bacteroides fragilis (Thomas et al. 2016), Campylobacter 
jejuni (Pons et al. 2019), and Fusobacterium nucleatum 
(Rubinstein et al. 2013), were found to be enriched in tumor 
tissues of CRC patients (Xu et al. 2020), and play an impor-
tant role in the CRC tumorigenesis. However, a range of 
issues such as whether changes in intestinal microbiota occur 
before or after CRC, whether and how changes in intestinal 
microbiota affect the outcomes of CRC patients, or whether 
these potential “carcinogens” play a role in the molecular 
mechanism of CRC tumorigenesis remain to be addressed 
urgently.

Among the most commonly used clinical therapies for 
rectal cancer, radiotherapy is a mature anti-tumor thera-
peutic method, and more than 50% of newly diagnosed 
cancer patients require radiotherapy in the clinic  (Jaffray 
2012). Radiotherapy can kill fast-dividing cancer cells by 
inducing DNA damage, high-dose radiotherapy also can 
induce immunogenic cell death through cross-sensitization 
triggered by tumor-associated antigen, thereby activating 
the body's adaptive anti-tumor immune response to assist 
therapy of tumors (Apetoh et al. 2007; Barker et al. 2015; 
Demaria et al. 2016; Herrera et al. 2017). However, radio-
therapy also has certain side effects, such as ionizing radia-
tion can cause intestinal epithelial ulceration by activating 
the coagulation system and induce intestinal inflammation 
by exposing the underlying tissue to the intestinal microbiota 
(Taghinezhad et al. 2021; Zhang et al. 2019a, b). Micro-
bial metabolites detected in intestinal-associated lymphoid 
tissue and peripheral systems have been shown to control 
the initiation and progression of various diseases (Amoroso 
et al. 2020; Dzutsev, et al. 2015; Elinav et al. 2019; Viaud 
et al. 2013). Furthermore, the intestinal microbiota affects 
the function of T cells and other immune cell subsets (Fung 

et al. 2017; Ivanov et al. 2022). Therefore, intestinal micro-
biota dysbiosis is bound to affect the anti-tumor effect of 
radiotherapy, thereby affecting the therapeutic efficacy of 
rectal cancer.

Traditional radiotherapy is generally acted as adjuvant 
therapy after surgery, but patients still face the risk of cancer 
cell metastasis during surgical therapy. Therefore, the impor-
tance of neo-adjuvant radiotherapy (NART) is highlighted 
(Cedermark et al. 1997). NART is radiotherapy given before 
local therapy such as surgery to shrink tumor tissue and kill 
metastatic cancer cells, thereby facilitates subsequent sur-
gery and other therapies. At present, how NART changes the 
intestinal microbiota of rectal cancer patients and how the 
altered intestinal microbiota affects the therapeutic efficacy 
of NART remain to be studied.

The study aimed to explore changes in intestinal micro-
biota in rectal cancer patients treated with NART, and to 
explore the potential role of these changes in subsequent 
therapeutic efficacy. Our results showed that NART did not 
significantly alter the α diversity of intestinal microbiota in 
rectal cancer patients. However, we found a downward trend 
in the abundance of bacterial genera known to be associated 
with cancer progression in patients receiving more NART. 
More importantly, we found that a variety of oral patho-
gens emerged in the intestine of later-NART patients, which 
may accelerate cancer progression. We speculated that these 
oral pathogens reach the intestine through the “oral-blood-
intestine” pathway (Abed et al. 2020). With the progress of 
NART, 3 microbiota-associated functional pathways includ-
ing non-homologous end-joining significantly increased in 
intestinal microbiota of patients with rectal cancer, while 
four function pathways including limonene and pinene deg-
radation decreased significantly. This study is the first to 
report changes in the intestinal microbiota in rectal cancer 
patients receiving NART and discusses the potential impact 
of these changes on rectal cancer therapy. Our findings 
revealed the importance of the intestinal microbiota dur-
ing NART and provided insights for improving therapeutic 
efficacy of rectal cancer patients.

Materials and Methods

16S rRNA gene sequencing sample collection

The objects of this study are rectal cancer patients admitted 
to Hubei Cancer Hospital who needed conventional NART. 
The therapy cycle is generally 5–6 weeks, the radiotherapy 
dose is 50 Gy, divided into 25 fractions (2.0 Gy per time), 
and NART was performed five times per week. We used 
a fecal sampling tube to collect feces from rectal cancer 
patients receiving NART. Three technique replicates with 
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2.0–5.0 g for each tube were collected at a time (one tube 
for follow-up sequencing and two for archiving), which 
were immediately frozen and stored at − 80 °C for later 
use. Samples from healthy family members (children or 
spouses) of the corresponding rectal cancer patients were 
collected using the same sampling method. A total of 44 
samples were collected for 16S rRNA gene sequencing 
(including 28 samples from 5 rectal cancer patients and 
16 samples from 5 healthy individuals). See Supplemental 
Table 1 for detailed sample descriptions. Samples from 
rectal cancer patients were divided into earlier- and later-
NART according to the number of NART  that patient 
received (for earlier-NART, the number of NARTs is less 
than 15, whereas for later-NART, the number of NARTs 
is more than 15).

High‑throughput sequencing of 16S rRNA gene 
of intestinal microbiota

For high-throughput 16S rRNA gene sequencing of intesti-
nal microbiota, stool samples were thawed and centrifuged at 
13,000 × g for 2 min, and then, the supernatant was removed. 
Total bacterial DNA in stool samples was extracted using 
the QIAamp DNA Mini Kit (QIAGEN, Stockach, Ger-
many), and the extracted genomic DNA was detected using 
1% agarose gel electrophoresis. Specific primers with bar-
code (338F: 5′-ACT​CCT​ACG​GGA​GGC​AGC​AG-3′; 806R: 
5′-GGA​CTA​CHVGGG​TWT​CTAAT-3′) were synthesized 
according to the variable region of bacterial 16S rRNA 
gene V3-V4; and the target fragment was amplified from 
each sample using TransStart Fastpfu DNA Polymerase 

(TransGen Biotech, Beijing, China). The correctness of the 
amplified product was confirmed by 2% agarose gel electro-
phoresis. The PCR products was purified with the AxyPrep-
DNA Gel Recovery Kit (Axygen, Union City, Californian, 
USA), and quantified with QuantiFluor™-ST Kit (Promega, 
Madison, Wisconsin, USA). Purified amplicons were pooled 
in equimolar amounts and sequenced in paired-end mode on 
an Illumina MiSeq PE300 platform (Illumina, San Diego, 
Californian, USA).

Bioinformatics analysis of sequencing data

Raw fastq files were de-multiplexed using an in-house Perl 
script, and then quality-filtered by fastp version 0.19.6 (Chen 
et al. 2018) and merged by FLASH version 1.2.7 (Magoč 
and Salzberg 2011) using the following procedures. (i) 
300 bp reads were truncated at any site receiving an aver-
age quality score of < 20 over a sliding window of 50 bp, 
and truncated reads shorter than 50 bp were discarded, as 
were reads containing ambiguous characters. (ii) Reads were 
assembled according to overlapping sequences (overlapping 
sequence > 10 bp, mismatch ratio < 0.2), while unassembled 
reads were discarded. (iii) Different samples were distin-
guished according to barcode. Sequences were clustered 
into operational taxonomic units (OTUs) using UPARSE 
7.1 (Edgar 2013) with a sequence similarity of 97%. The 
number of sequences per sample was rarefied according to 
the minimum number of sample sequences (33,037 reads).

The taxonomy of each OTU representative sequence was 
analyzed by the RDP Classifier version 2.2 (Wang et al. 
2007) against the Silva v138 database using a confidence 

Table 1   Bacterial genera with 
significant differences in the 
intestinal microbiota between 
the earlier- and later-NART 
patients

*: ↑ indicates increased abundance in the intestinal microbiota of the later-NART patients relative to the 
earlier-NART patients; ↓indicates reduced abundance in the intestinal microbiota of the later-NART rela-
tive to the earlier-NART patients

Phylum/class Order Family Genus

Actinobacteria
 Actinobacteria Bifidobacteriales↓ Bifidobacteriaceae↓ Bifidobacterium↓

Parascardovia↑
Proteobacteria
 Gammaproteobacteria Enterobacteriales Enterobacteriaceae Enterobacter↓

Citrobacter↓
Firmicutes
 Tissierellia Tissierellales Peptoniphilaceae Peptoniphilus↓
 Negativicutes Veillonellales Veillonellaceae Dialister↓
 Clostridia Eubacteriales Peptostreptococcaceae Intestinibacter↓

Lachnospiraceae Shuttleworthia↑
Lachnospiraceae Lachnoanaerobaculum↑
Oscillospiraceae Anaerotruncus↑

Bacilli Bacillales↑
Lactobacillales Streptococcaceae Streptococcus↑

Enterococcaceae↓ Enterococcus↓
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threshold of 0.7. Metagenomic functions were predicted 
based on OTUs by Phylogenetic Investigation of Commu-
nities by Reconstruction of Unobserved States (PICRUSt).

Bioinformatic analysis of intestinal microbiota was car-
ried out using the Majorbio Cloud platform (https://​cloud.​
major​bio.​com). α diversity indices (Sob, Shannon, Simp-
son, ACE, Coverage) were calculated with Mothur v1.30.1 
(Schloss et al. 2009) and β diversity indices calculated by 
principal coordinate analysis (PCoA) and non-metric multi-
dimensional scaling (NMDS) based on unweighted unifrac 
using the Vegan v2.5–3 package. Linear discriminant anal-
ysis (LDA) effect sizes (LEfSe) (Segata, et al. 2011) were 
used to identify the significantly enriched taxa (phylum to 
genera) of bacteria in different groups (LDA score > 3.5). 
Data analysis was performed using IBM SPSS software, and 
Kruskal–Wallis test was used to determine the difference in 
three or more groups, and the Student’s t test for two groups.

Results

Effects of NART on the diversity of intestinal 
microbiota in rectal cancer patients

To reveal if NART affects the intestinal microbiota diver-
sity of rectal cancer patients, the richness (Sobs index, Chao 
index, and ACE indices), diversity (Shannon, and Simpson 

indices), and coverage (Coverage index) of microbiota in 
different samples were evaluated by diversity to explore the 
effect of NART on the diversity of intestinal microbiota in 
rectal cancer patients. The results showed that there was no 
significant difference between the different groups in diver-
sity (Fig. 1), indicating that NART does not change intestinal 
microbiota to a large extent.

Given that the diversity of the human intestinal micro-
biota can be affected by human genetics, intestinal micro-
environment, and host immunity (Cogdill et al. 2018), we 
therefore hypothesize that NART affects the composition 
and structure of intestinal microbiota. By performing com-
munity composition analysis, we found that the most abun-
dant bacterial phyla in all human stool samples were Fir-
micutes, Proteobacteria, Bacteroidetes, Actinomycetes, and 
Verrucomicrobia, while the abundances of other bacterial 
phyla were all below 1% (Fig. 2A). In addition, we found 
that at the genus level, the highest abundance in all sam-
ples was Escherichia/Shigella, Bacteroides, Blautia, Lac-
tobacillus, Enterobacter, Lysinibacillus, and Agathobacter 
(Fig. 2B). We further used PCoA and NMDS to explore the 
differences in intestinal microbiota in different groups (β 
diversity). Both analyses showed that the intestinal micro-
biota was relatively consistent between the earlier- and later-
NART patients, but was significantly different from those of 
healthy individuals (Fig. 2C and D). 

Fig. 1   Effects of NART on the 
α diversity of intestinal micro-
biota in rectal cancer patients. 
All samples were tested for α 
diversity at the OTU level. A 
Sob index. B Shannon index. C 
Simpson index. D ACE index. 
E Chao index. F Coverage 
index. The “Earlier” (n = 14) 
and “Later” (n = 14) repre-
sent the samples from ear-
lier- and later-NART patients, 
respectively. The “Control” 
(n = 16) represents the samples 
from healthy family members 
of corresponding rectal cancer 
patients. The values represent 
the mean ± standard error of 
mean. Statistical analysis was 
performed using Kruskal–Wal-
lis test. None of the above diver-
sity indices had any significant 
difference (p > 0.05)

https://cloud.majorbio.com
https://cloud.majorbio.com
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Differences in intestinal microbiota 
between the earlier‑ and later‑NART patients

We used LEfSe analysis to explore the differences in the 
intestinal microbiota of the earlier- and later-NART patients. 
In general, the bacterial genera with significant changes in 
abundance after receiving NART were mainly distributed in 
the phyla of Actinobacteria, Proteobacteria, and Firmicutes 
(Table 1, Fig. 3A).

We found that the genera Enterobacter, Bifidobacterium, 
Enterococcus, Citrobacter, Peptoniphilus, Dialister, and 
Intestinibacter were reduced in the intestinal microbiota 

of the later-NART patients (Fig. 3A–G). Specifically, the 
abundance of the pro-inflammatory genera Enterococ-
cus, Citrobacter, and Dialister in the intestinal microbiota 
of rectal cancer patients declined after NART, exhibiting 
comparable abundance with healthy individuals (Fig. 3D, 
E and H). Furthermore, the abundance of Bifidobacterium 
in earlier-NART patients was higher than in both the later-
NART and healthy individuals (Fig. 3C). Bifidobacterium 
was known as a probiotic; however, increasing evidence has 
shown that Bifidobacterium is enriched in tumor tissue of 
CRC patients (Hasan et al. 2022). These results indicate that 
NART is likely beneficial in limiting intestinal inflammation 

Fig. 2   Analysis of community 
composition and β diversity of 
intestinal microbiota in rectal 
cancer patients received NART. 
A Analysis of the phylum-level 
community composition. B 
Analysis of the genus-level 
community composition. C 
PCoA analysis of intestinal 
microbiota in different groups 
based on unweighted uniFrac 
distance (on OTU). D NMDS 
analysis of intestinal microbiota 
in different groups based on 
unweighted uniFrac distance (on 
OTU). The “Earlier” (red solid 
circle) and “Later” (blue solid 
triangle) represent the samples 
from earlier- and later-NART 
patients, and the “Control” 
(green solid diamond) repre-
sents the samples from healthy 
family members of correspond-
ing rectal cancer patients. 
*Sample description: samples 
from patients are labeled in 
the format of “PnRm”, “Pn”: 
patient ID; “Rm”: number of 
NART, “RA”: 2 months after 
the patient completes the course 
of NART. Samples from healthy 
individuals are labeled in the 
format of “PnNm”, “Nm”: 
sample number. Please refer 
to Supplemental Table 1 for 
detailed sample description
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caused by resident intestinal pro-inflammatory bacteria. 
Furthermore, the commensal bacteria Enterobacter, Pep-
toniphilus, and Intestinibacter also exhibited a dramatic 
decrease in later-NART patients when compared with the 
earlier-NART patients and healthy individuals (Fig. 3B, F 
and G). Given that genera Enterobacter, Peptoniphilus, and 
Intestinibacter are naturally abundant in healthy individuals, 
abolishing intestinal Peptoniphilus or Intestinibacter may 

lead to an unbalanced intestinal microbiota; however, there 
is currently no report on the association between Peptoniphi-
lus or Intestinibacter with rectal cancer pathology.

On the other hand, we found that the abundances of 
genera Streptococcus, Shuttleworthia, Parascardovia, 
Lachnoanaerobaculum, and Anaerotruncus in the intesti-
nal microbiota of the later-NART patients were increased 
compared with those of the earlier-NART patients (Table 1, 

Fig. 3   Bacterial genera with 
significant differences in 
intestinal microbiota between 
the earlier- and later-NART 
patients. A LEfSe analysis 
of differential abundance of 
intestinal microbiota. Signifi-
cant differences were found in 
intestinal microbiota between 
the earlier- and later-NART 
patients. All-against-all strategy 
was used for LEfSe. The 
“Earlier” and “Later” represent 
the samples from earlier- and 
later-NART patients. B–M Bar 
chart of bacterial genera with 
significant differences between 
the earlier- and later-NART 
patients by LEfSe analysis. 
The “Control” represents the 
samples from healthy family 
members of corresponding rec-
tal cancer patients. The values 
of B, C, D, E, G, H, I represent 
the median with interquartile 
range. The values of F, J, K, L, 
M represent the mean ± stand-
ard error of mean. Statistical 
analysis was performed using 
Kruskal–Wallis test, *: p ≤ 0.05, 
**: p ≤ 0.01



Journal of Cancer Research and Clinical Oncology	

1 3

Fig. 3A and I–M). Streptococcus and Anaerotruncus, which 
display a strong association with CRC, exhibited a higher 
abundance in later-NART patients compared with both the 
earlier-NART patients and healthy individuals (Fig. 3I). In 
addition, Shuttleworthia, Parascardovia, and Lachnoanaero-
baculum, which have been widely known as oral pathogens 
(Chen et al. 2021; Downes et al. 2002; Ida et al. 2022; Lim 
et al. 2019; Liu et al. 2021), showed a low abundance in 
the intestinal microbiota of healthy individuals and most 
earlier-NART patients, whereas showed a robust increase in 
the intestine of the later-NART patients (Fig. 3J–L). These 
data indicate that NART might lead to the translocation of 
oral microbes into the intestine.

Taken together, NART is associated with the elevated 
abundance of pathogens in the intestinal microbiota, which 
may exacerbate intestinal inflammation and dampen the 
therapeutic efficacy of CRC.

Functional properties predicted by PICRUSt

To further investigate whether NART leads to changes in 
microbial function in rectal cancer patients, a PICRUSt 
analysis was performed (Fig. 4). We found that non-homol-
ogous end-joining, Staphylococcus aureus infection, and 
mineral absorption in the intestinal microbiota of the later-
NART patients were significantly higher than those of the 
earlier-NART patients (p < 0.05). We speculated that NART 
damages intestinal bacterial DNA and thereby activates 
non-homologous end-joining DNA repair (Fig. 4A), which 
concurrently promotes intestinal infection and elevates bac-
terial absorption of minerals (Fig. 4B and C). Meanwhile, 
limonene and pinene degradation (Fig. 4D), glycan biosyn-
thesis and metabolism (Fig. 4E), tryptophan metabolism 
(Fig. 4F), and transcription-related proteins (Fig. 4G) were 
also significantly decreased (p < 0.05). These results sug-
gested that NART reduced the viability and metabolism of 
intestinal microbiota in rectal cancer patients.

Furthermore, to reveal the association between bacterial 
abundance with microbial functional differences (Fig. 5), 

Fig. 4   Differences in intestinal microbial functions between the ear-
lier- and later-NART patients based on PICRUSt analysis. A–G rep-
resent bacterial phycological functions that changed significantly 
after NART. The “Earlier” and “Later” represent the samples from 

earlier- and later-NART patients. The values represent the median 
with interquartile range. Statistical analysis was performed using a 
Student's t test. *: p < 0.05, **, p < 0.01, ***, p < 0.001
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the PICRUSt analysis data were combined with microbiota 
abundance. Our results showed that the most abundant bac-
teria Escherichia-Shigella were positively correlated with 
glycan biosynthesis and metabolism, and transcription-
related proteins, while negatively correlated with mineral 
absorption (Fig. 5).

Discussion

NART affects the abundance of pathogenic bacteria 
in the intestines

The intestinal microbiota is closely related to host health. 
Understanding the function of intestinal microbiota in host 

disease and the mechanisms of host–microbiota interac-
tions are the basis for future human health management and 
therapeutic drug development. Specifically, understanding 
how NART shapes microbiota is critical for the radiotherapy 
efficacy of CRC. In this study, we compared the composition 
of intestinal microbiota in rectal cancer patients at different 
NART stages. NART is likely to have both beneficial and 
detrimental effects on the host. We found that the abundance 
of resident intestinal bacteria Citrobacter and Dialister was 
higher in the intestinal microbiota of CRC patients than 
those of the healthy individuals, whereas NART decreased 
the abundance of both genera. Citrobacter and Dialister are 
known as potential biomarkers for the diagnosis of CRC 
(Kharrat et al. 2019), indicating that NART is potentially 
beneficial to the therapeutic efficacy. On the other hand, 

Fig. 5   Association analysis of 
genus-level bacterial abundance 
with microbial function. Using 
Spearman to analyze the asso-
ciation of the top 20 bacterial 
genera with the function of the 
intestinal microbiota; the right 
panel of the image shows the 
reads of the top 20 bacterial 
genera in different groups. The 
“Earlier” and “Later” represent 
the samples from earlier- and 
later-NART patients, and 
the “Control” represents the 
samples from healthy family 
members of corresponding rec-
tal cancer patients. *: p ≤ 0.05, 
**: p ≤ 0.01, ***: p ≤ 0.001
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NART increased the abundance of several bacterial patho-
gens, including Streptococcus and Anaerotruncus, in the 
CRC intestines. Studies have found that many Streptococci 
are present in CRC patients, including S. gallolyticus subsp. 
Gallolyticus (Butt et al. 2016; Périchon et al. 2022), S. gallo-
lyticus subsp. Pasteuranus (Agnes et al. 2021), and S. bovis 
(Deng et al. 2020). Among these species, S. bovis is posi-
tively associated with colorectal cancer and adenoma (Abdu-
lamir et al. 2011). Anaerotruncus is a potential biomarker 
for predicting CRC recurrence as it is associated with CRC 
recurrence (Huo et al. 2022). As a result, the elevation of 
Streptococcus and Anaerotruncus in the intestinal micro-
biota is likely unfavorable for later-NART patients.

In addition, we also observed decreased abundance of 
Bifidobacterium and Enterococcus. However, whether the 
decreased abundance of both bacteria is beneficial or detri-
mental to the host requires further study. Bifidobacterium is 
known as a probiotic and has anti-cancer effects (Asadollahi 
et al. 2020; Fahmy et al. 2019;  Wang et al.2020); however, 
B. pseudocatenulatum is enriched in tumor tissue of CRC 
patients (Hasan et al. 2022). Therefore, specific species need 
to be identified to reveal the function of Bifidobacterium in 
CRC. The effect of Enterococcus on cancer progression is 
also controversial. The human intestine is dominated by E. 
faecalis and E. faecium (de Almeida et al. 2018). E. faecalis 
has anti-inflammatory activity and is a potential probiotic 
(Are et al. 2008; Wang et al. 2014), but other studies have 
shown that E. faecalis produces metalloproteinases that dis-
rupt the intestinal epithelial barrier and induce an inflamma-
tory response (Steck et al. 2011).

Our study also revealed an unappreciated link between 
oral pathogens with intestinal microbiota in CRC. We 
observed that the abundance of Shuttleworthia, Parascar-
dovia, and Lachnoanaerobaculum dramatically increased 
after NART. In fact, Shuttleworthia, Parascardovia, and 
Lachnoanaerobaculum have been extensively known as oral 
bacteria (Chen et al. 2021; Downes et al. 2002; Ida et al. 
2022; Lim et al. 2019; Liu et al. 2021) and are associated 
with diseases such as systemic lupus erythematosus (Lim 
et al. 2019), type 2 diabetes (Liu et al. 2021), dental car-
ies (Chalmers et al. 2015), and gingivitis (Lim et al. 2019). 
Although these bacteria were absent in the healthy intestine, 
our results suggested that long-term NART might lead to 
the translocation of oral microbes into the intestine, which 
might affect therapeutic efficacy of NART. Previous stud-
ies have revealed that the oral bacterium F. nucleatum is 
frequently detected in the intestine of CRC patients with 
periodontal disease (Komiya et al. 2019). Subsequent stud-
ies have revealed that periodontal F. nucleatum can enter the 
bloodstream and colonize intestines when tumor disrupts 
the intestinal barrier, therefore accelerating tumorigenesis 
(Abed et al. 2020; Dong et al. 2021). Our hypothesis is 
also supported by the study from Dong et al. (2021), which 

found that oral microbiota affects the therapeutic efficacy of 
NART in CRC mouse model. Previous studies and our study 
all suggest that rectal cancer patients need to control their 
oral microbiota when receiving NART, so as to prevent the 
translocation of oral pathogens to the intestine to affect the 
therapeutic effect.

The effects of microbiota on the radiotherapy 
therapeutic efficacy of CRC​

The intestinal microbiota regulates the tumorigenesis of can-
cer through various pathways. However, how radiotherapy 
affects intestinal microbiota and subsequent tumorigenesis 
remains unclear. In our study, we observed that NART 
affects the metabolism of microbiota, which could poten-
tially affect the tumor microenvironment and therapeutic 
efficacy. Specifically, a possible relationship between intes-
tinal microbiota, radiotherapy, and cancer could be proposed 
by the fact that intestinal microbiota might metabolize poly-
saccharides that are difficult to use for the human body into 
a variety of short-chain fatty acids, among which valerianic 
acid (VA) has been shown to significantly prevent radiation 
damage caused by radiation (Li et al. 2020). In studies using 
the mouse models, VA supplementation improves survival in 
radiated mice, protects hematopoietic organs and intestinal 
epithelial integrity, and improves gastrointestinal function. 
Mechanistically, VA protects against radiation damage by 
acting on keratin 1 (KRT1), attenuates radiation enteritis, 
and prevents dextran sulfate sodium (DSS)-induced colitis 
in mice (Li et al. 2020). Since NART reduces the meta-
bolic activity of the intestinal microbiota, we also suggest 
that these patients supplement probiotics and prebiotics to 
improve the metabolic activity of intestinal microbiota.

Future directions of microbiota study with NART​

In the future, multiple omics approaches should be used to 
explore the function of intestinal microbiota in patients who 
receive NART, and systematically analyze the influence of 
patients’ intestinal microbiota on the therapeutic efficacy of 
NART. Radiation therapy can lead to changes in the intes-
tinal microbiota of patients, but whether these changes are 
beneficial or detrimental still needs further study. By analyz-
ing altered bacteria and using in vitro or in vivo experiments 
to explore their ability to affect cancer, we will be able to 
draw corresponding conclusions and explore the potential 
application value of intestinal bacteria in the therapy of can-
cer. For example, our results indicated that some oral patho-
genic bacteria could translocate into the intestines of rectal 
cancer patients after NART. We could then purposefully 
modify the oral microbiota of rectal cancer patients and pre-
vent the impact of oral pathogens on rectal cancer. Accord-
ing to the results of microbiota changes after radiotherapy, 
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we could purposefully repress the adverse effects of these 
“harmful bacteria” and avoid the occurrence of side effects.

Conclusions

Although NART has little impact on the α diversity of the 
intestinal microbiota in rectal cancer patients, it can sig-
nificantly change the abundance of some bacteria and affect 
the function of intestinal microbiota simultaneously. Intes-
tinal tissue injury caused by NART would also increase the 
possibility that oral pathogenic bacteria translocated to the 
intestines, which may accelerate the development of rectal 
cancer, and we recommend that patients who after NART 
need to pay attention to their oral hygiene to eliminate oral 
pathogenic bacteria. Simultaneously, we found that some 
traits, such as non-homologous end-joining, S. aureus infec-
tion, and mineral absorption, were significantly increased, 
while limonene and pinene degradation, glycan biosynthesis 
and metabolism, tryptophan metabolism, and transcription-
related proteins were significantly reduced in the later-
NART patients. We suggest that these patients regulate the 
intestinal microbiota and improve their beneficial metabolic 
activities by probiotics.
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