Gastrointestinal Oncology

Baishideng Publishing Group Inc



Oncology

World Journal of
(]- ¢ Gastrointestinal

Contents Monthly Volume 15 Number 8 August 15, 2023

REVIEW
1317  Update and latest advances in mechanisms and management of colitis-associated colorectal cancer

Dan WY, Zhou GZ, Peng LH, Pan F

MINIREVIEWS

1332 Breast cancer metastasizing to the upper gastrointestinal tract (the esophagus and the stomach): A
comprehensive review of the literature

Da Cunha T, Restrepo D, Abi-Saleh S, Dharan M

1342 Research progress on drug delivery systems for curcumin in the treatment of gastrointestinal tumors

Wu X, Yang Y

ORIGINAL ARTICLE

Basic Study

1349  Potential of damage associated molecular patterns in synergising radiation and the immune response in
oesophageal cancer

Donlon NE, Davern M, Sheppard A, O'Connell F, Moran B, Nugent TS, Heeran A, Phelan JJ, Bhardwaj A, Butler C, Ravi N,
Donohoe CL, Lynam-Lennon N, Maher S, Reynolds JV, Lysaght J

1366  LINC01268 promotes epithelial-mesenchymal transition, invasion and metastasis of gastric cancer via the
PI3K/ Akt signaling pathway and targeting MARCKS

Tang LH, Ye PC, Yao L, Luo YJ, Tan W, Xiang WP, Liu ZL, Tan L, Xiao JW

1384  Antitumor activity of miR-188-3p in gastric cancer is achieved by targeting CBL expression and
inactivating the AKT/mTOR signaling

Lin JJ, Luo BH, Su T, Yang Q, Zhang QF, Dai WY, Liu Y, Xiang L
1400  Physcion increases the sensitivity of hepatocellular carcinoma to sorafenib through miRNA-370/PIM1
axis-regulated glycolysis

Pan XP, Jiya BR, Wang F, Lan Z

Clinical and Translational Research
1412 Expression patterns of cluster of differentiation 147 impact the prognosis of hepatocellular carcinoma

Xu YJ, He HJ, Wu P, Li WB

Case Control Study

1424  Fecal microbial biomarkers combined with multi-target stool DNA test improve diagnostic accuracy for
colorectal cancer

Fan JQ, Zhao WF, Lu QW, Zha FR, Lv LB, Ye GL, Gao HL

WJGO | https://www.wjgnet.com I August 15,2023 | Volume15 | Issue8 |

Jaishideng®



World Journal of Gastrointestinal Oncology
Contents
Monthly Volume 15 Number 8 August 15, 2023
Retrospective Cohort Study
1436  Comparison of clinicopathological characteristics and survival outcomes between gallbladder mucinous
adenocarcinoma and gallbladder adenocarcinoma: A propensity score-matched study
Yang WW, Fang YT, Niu YR, Sun YK
1451  Incidence and prevalence of gastric neuroendocrine tumors in patients with chronic atrophic autoimmune
gastritis
Massironi S, Gallo C, Elvevi A, Stegagnini M, Coltro LA, Invernizzi P
Retrospective Study
1461  Epidemiologic characteristics and risk factors associated with overall survival for patients with mucinous
colorectal cancer: A population-based study
Jiang J, Tang XW, Huang S, Hu N, Chen Y, Luo B, Ren WS, Peng Y, Yang WX, Lii MH
1475  Carcinoembryonic antigen, carbohydrate antigen 199 and carbohydrate antigen 724 in gastric cancer and
their relationship with clinical prognosis
Wang R, Zuo CL, Zhang R, Zhu LM
Observational Study
1486  Development and application of hepatocellular carcinoma risk prediction model based on clinical
characteristics and liver related indexes
Liu ZJ, Xu Y, Wang WX, Guo B, Zhang GY, Luo GC, Wang Q
CASE REPORT
1497  Gastric neuroendocrine tumors in a BRCA2 germline mutation carrier: A case report
Zhang HF, Zheng Y, Wen X, Zhao J, Li J
Buishidenge WJGO | https://www.wjgnet.com I August 15,2023 | Volume15 | Issue8



World Journal of Gastrointestinal Oncology

Contents

Monthly Volume 15 Number 8 August 15, 2023

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Oncology, Tomohide Hori, FACS, MD, PhD, Chief
Doctor, Director, Doctor, Surgeon, Department of Gastroenterology and Hepatology, Nagai Hospital, Tsu 514-8508,
Mie, Japan. tomohidehori@yahoo.co.jp

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Oncology (WJGO, World | Gastrointest Oncol) is to provide
scholars and readers from various fields of gastrointestinal oncology with a platform to publish high-quality basic
and clinical research articles and communicate their research findings online.

WJGO mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal
oncology and covering a wide range of topics including liver cell adenoma, gastric neoplasms, appendiceal
neoplasms, biliary tract neoplasms, hepatocellular carcinoma, pancreatic carcinoma, cecal neoplasms, colonic
neoplasms, colorectal neoplasms, duodenal neoplasms, esophageal neoplasms, gallbladder neoplasms, efc.

INDEXING/ABSTRACTING

The WJGO is now abstracted and indexed in PubMed, PubMed Central, Science Citation Index Expanded (SCIE,
also known as SciSearch®), Journal Citation Reports/Science Edition, Scopus, Reference Citation Analysis, China
National Knowledge Infrastructure, China Science and Technology Journal Database, and Superstar Journals
Database. The 2023 edition of Journal Citation Reports® cites the 2022 impact factor (IF) for WJGO as 3.0; IF without
journal self cites: 2.9; 5-year IF: 3.0; Journal Citation Indicator: 0.49; Ranking: 157 among 241 journals in oncology;
Quartile category: Q3; Ranking: 58 among 93 journals in gastroenterology and hepatology; and Quartile category:
Q3. The WJGO's CiteScore for 2022 is 4.1 and Scopus CiteScore rank 2022: Gastroenterology is 71/149; Oncology is
197/366.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Xiang-Di Zhang, Production Department Director: Xiang I.i; Editorial Office Director: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Gastrointestinal Oncology https:/ /www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1948-5204 (online) https:/ /www.wignet.com/bpg/Getlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
February 15, 2009 https:/ /www.wjgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wignet.com/bpg/Gerlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Monjur Ahmed, Florin Burada https:/ /www.wijgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wjgnet.com/1948-5204/ editotialboard. htm https:/ /www.wjgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
August 15, 2023 https:/ /www.wijgnet.com/bpg/Getlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2023 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2023 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wijgnet.com https://www.wjgnet.com

JBaishideng®

WJGO | https://www.wjgnet.com 11 August 15,2023 | Volume15 | Issue8


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1948-5204/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

World Journal of
(]- ¢ Gastrointestinal

Oncology

Submit a Manuscript: https:/ /www.f6publishing.com World | Gastrointest Oncol 2023 August 15; 15(8): 1424-1435

DOI: 10.4251/wjgo.v15.i8.1424

ISSN 1948-5204 (online)

Case Control Study

ORIGINAL ARTICLE

Fecal microbial biomarkers combined with multi-target stool DNA
test improve diagnostic accuracy for colorectal cancer

Jin-Qing Fan, Wang-Fang Zhao, Qi-Wen Lu, Fu-Rong Zha, Le-Bin Lv, Guo-Liang Ye, Han-Lu Gao

Specialty type: Oncology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C, C

Grade D (Fair): 0

Grade E (Poor): 0

P-Reviewer: Gazouli M, Greece;
Jamali R, Iran

Received: March 24, 2023
Peer-review started: March 24, 2023
First decision: May 19, 2023
Revised: May 20, 2023

Accepted: June 19, 2023

Article in press: June 19, 2023
Published online: August 15, 2023

Jin-Qing Fan, Department of Traditional Chinese Medicine, The First Affiliated Hospital of
Ningbo University, Ningbo 315000, Zhejiang Province, China

Wang-Fang Zhao, Qi-Wen Lu, Guo-Liang Ye, Department of Gastroenterology, The First
Affiliated Hospital of Ningbo University, Ningbo 315000, Zhejiang Province, China

Fu-Rong Zha, Department of Bioinformation Analysis, Shanghai BIOZERON Biotechnology
Co., Shanghai 201800, China

Le-Bin Lv, Han-Lu Gao, Department of Preventive Medicine, The First Affiliated Hospital of
Ningbo University, Ningbo 315000, Zhejiang Province, China

Corresponding author: Han-Lu Gao, PhD, Doctor, Department of Preventive Medicine, The
First Affiliated Hospital of Ningbo University, No. 247 Renmin Road, Ningbo 315000,
Zhejiang Province, China. 306646058(@qq.com

Abstract

BACKGROUND
Colorectal cancer (CRC) is a major global health burden. The current diagnostic
tests have shortcomings of being invasive and low accuracy.

AIM
To explore the combination of intestinal microbiome composition and multi-target
stool DNA (MT-sDNA) test in the diagnosis of CRC.

METHODS

We assessed the performance of the MT-sDNA test based on a hospital clinical
trial. The intestinal microbiota was tested using 16S rRNA gene sequencing. This
case-control study enrolled 54 CRC patients and 51 healthy controls. We iden-
tified biomarkers of bacterial structure, analyzed the relationship between
different tumor markers and the relative abundance of related flora components,
and distinguished CRC patients from healthy subjects by the linear discriminant
analysis effect size, redundancy analysis, and random forest analysis.

RESULTS

MT-sDNA was associated with Bacteroides. MT-sDNA and carcinoembryonic
antigen (CEA) were positively correlated with the existence of Parabacteroides, and
alpha-fetoprotein (AFP) was positively associated with Faecalibacterium and
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Megamonas. In the random forest model, the existence of Streptococcus, Escherichia, Chitinophaga, Parasutterella,
Lachnospira, and Romboutsia can distinguish CRC from health controls. The diagnostic accuracy of MT-sDNA
combined with the six genera and CEA in the diagnosis of CRC was 97.1%, with a sensitivity and specificity of
98.1% and 92.3%, respectively.

CONCLUSION

There is a positive correlation of MT-sDNA, CEA, and AFP with intestinal microbiome. Eight biomarkers including
six genera of gut microbiota, MT-sDNA, and CEA showed a prominent sensitivity and specificity for CRC
prediction, which could be used as a non-invasive method for improving the diagnostic accuracy for this
malignancy.

Key Words: Gut microbiome; Colorectal cancer; Diagnostic model; Multi-target stool DNA test; Tumor biomarker

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: There is a positive correlation of multi-target stool DNA (MT-sDNA), carcinoembryonic antigen (CEA), and
alpha-fetoprotein with intestinal microbiome. Eight biomarkers including six genera of gut microbiota, MT-sDNA, and CEA
showed a prominent sensitivity (98.1%) and specificity (92.3%) for colorectal cancer prediction, which could be used as a
non-invasive method for improving the diagnostic accuracy for this malignancy.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer and the fifth-leading cause of cancer-related deaths in Chinal[1].
Although colonoscopy is considered the gold standard in the diagnosis of CRC, it has shortcomings of being invasive and
expensive[2]. Thus, non-invasive and effective diagnostic methods are needed urgently. Tumor markers such as
carcinoembryonic antigen (CEA), carbohydrate antigen 199 (CA199), and alpha-fetoprotein (AFP) are not specific and
sensitive in detecting CRC, which may lead to delayed treatment and reduced survival rates[3]. Fortunately, increasing
evidence suggests that gut bacteria play an important role in the development of CRC[4,5]. Fecal bacteria can be used as
non-invasive biomarkers for CRC diagnosis[6]. Combined tests for different intestinal bacteria in CRC had a sensitivity
and specificity ranging from 54.0%-84.6%, and 63.1%-90.0%, respectively[7,8]. Due to the complexity of the gut micro-
biome, the diagnosis accuracy of the current tests for CRC is still inadequate. Therefore, a combination screening method
with high specificity and sensitivity should be developed for early detection of CRC. Recently, the multi-target stool DNA
(MT-sDNA) test has been recommended for CRC screening and applied in the commercial market[9]. Due to the
difference in gut microbiota between CRC patients and healthy controls (HC), combined MT-sDNA test and tumor
biomarkers are required for improving diagnostic accuracy[10]. This study focused on the combination of intestinal
microbiome composition and MT-sDNA test in an attempt to develop new detection methods for the diagnosis of CRC.

MATERIALS AND METHODS

Participant enrollment

A total of 105 participants with an age range from 40 to 74 years who visited the anorectal department and health
examination center of the Affiliated Hospital of Medical School of Ningbo University from January 2021 to November
2022 were recruited.

The inclusion criteria for patients with CRC were: (1) Newly diagnosed sporadic CRC patients with an expected
survival > 3 mo; and (2) The patients did not undergo colorectal surgery or chemoradiotherapy. The inclusion criteria for
HC were: The subjects underwent colonoscopy and the results were normal.

The exclusion criteria were: (1) Subjects with chronic diarrhea; (2) Subjects with tumor metastasis or recurrence; (3)
Subjects with a family history of CRC; (4) Subjects with inflammatory bowel disease, obesity, diabetes, or other metabolic
diseases; (5) Subjects with preoperative radiotherapy and chemotherapy; (6) Subjects who had taken laxatives, antibiotics,
microecological preparations, and other drugs in the past 1 mo; (7) Subjects with cirrhosis; and (8) Subjects with colorectal

polyps.
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All participants provided informed consent and the study was approved by the Human Research and Ethics
Committee of the Affiliated Hospital of Medical School of Ningbo University (approval number: KY20211104). This study
conforms to the principles of the Declaration of Helsinki in 2013.

MT-sDNA tests

Fecal samples (4-5 g) were collected prior to bowel preparation for colonoscopy and before surgical removal of intestinal
tumor tissue from CRC patients. All experimental procedures related to the MT-sDNA tests [fecal immunochemical test
(FIT), NDRG4 and BMP3 methylation, KRAS mutation] were carried out using the commercial kit ColoClear® (New
Horizon Health Technology, Hangzhou, China). The details regarding probes and primers, as well as the risk prediction
algorithm, were the same as those described in a previous report[11]. In this MT-sDNA risk prediction model, a risk score
was provided as a single output. If the risk score value was > 165, the test was considered “positive”. If the risk score was
< 165, the test was regarded as “negative”[12].

Detection of intestinal microbiota

Fresh fecal samples (= 1 g) from all participants were collected prior to colonoscopy and frozen at -80 °C immediately.
Total microbial genomic DNA was extracted from the fecal samples using E.Z.N.A®fecal DNA Kit (Omega, United States)
according to the manufacturer’s recommendations. The sequences of the V1-V9 variable regions of the bacterial 165 rRNA
gene were amplified using primers 27F (5'-AGRGTTYGATYMTGGCTCAG-3") and 1492R (5’-RGYTACCTTGT-
TACGACTT-3")[13]. The polymerase chain reaction (PCR) conditions to amplify the prokaryotic 16S fragments were
consistent with those described in the previous literature[14]. The PCR amplication products were confirmed by 2%
agarose gel electrophoresis and purified with AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, United States). We
conducted 16S rDNA sequencing on the PacBio Sequel Ile platform (Biozeron Biotechnology, Shanghai, China).

Clinical procedures

Three serum biomarkers, i.e., CA199, CEA, and AFP, were determined by the Laboratory of the Affiliated Hospital of
Ningbo University School of Medicine. Histological diagnosis and colonoscopy findings were used as the reference for
determining the accuracy of the combination test for validating screening performance. All pathological diagnoses were
in accordance with the diagnostic criteria of the 2010 World Health Organization Classification of Gastrointestinal
Neoplasms.

Sequencing data and statistical analysis

The complexity of sample species diversity was analyzed by alpha diversity, and the richness and diversity of community
were described by Shannon index and Simpson index. Beta diversity analysis was used to compare the samples and was
evaluated by principal component analysis (PCA). Alpha diversity and beta diversity analyses were conducted using
USEARCH software (version 1.1). Linear discriminant analysis (LDA) effect size (LEfSe) analysis was conducted to
identify biomarkers of bacterial structure in the case-control groups[15]. Kruskal-Wallis and rank tests were used to
analyze the changes and differences among the classes, and LDA was used to determine the size effects of each significant
abundance group[16]. The relationship between intestinal flora, MT-sDNA, and tumor markers was analyzed by
redundancy analysis (RDA). We built the random forest model to distinguish patients with CRC from HC. The analysis of
disease diagnosis included the calculation of disease diagnosis index and the evaluation of diagnosis effect. Diagnostic
index calculation was based on the differential genus identified in the random forest analysis to obtain the disease
diagnostic index of the sample. Receiver operating characteristic (ROC) curve was used to evaluate the diagnostic effect
of disease diagnostic index. The sensitivity and specificity were analyzed by ROC curve analysis with the area under the
ROC curve (AUC) and 95% confidence interval calculated for the tumor markers, MT-sDNA, and intestinal flora. The
analysis process was completed using vegan package, random forest package, and plotROC of R software (version 4.2,
United States). t-test and chi-square test were adopted to compare the differences between different groups. P < 0.05 was
considered statistically significant. Statistical analyses were performed using SPSS software (version 23.0, United States).

RESULTS

Basic demographic and clinical characteristics

One patient was excluded from the study because of missing the sample storage standard, and 105 subjects were included
eventually (Figure 1). The clinical features of the 105 participants are shown in Table 1. A total of 54 CRC patients and 51
HC were enrolled in this research, with an average age and standard deviation of 64.89 + 9.72 and 53.94 + 10.33,
separately. The colon was the most common site (66.67%) in CRC patients. Moderate/low differentiation, ulcerative type,
and Dukes stage A accounted for 92.59%, 61.11%, and 79.63% of CRC cases, respectively. There were statistically
differences in terms of age, education level, and body mass index between the two groups (P < 0.05).

Comparison of tumor marker expression level between the two groups

As shown in Table 2, the levels of tumor biomarkers CEA and CA199 and the DNA score were elevated in CRC patients
compared with HC (P < 0.05). Fecal microbiota diagnostic index (FMDI) was -215.76 + 539.49 and 178.47 + 249.43 in CRC
patients and HC (P < 0.05), respectively.
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Table 1 Basic demographic and clinical characteristics of cases and controls

Variable Colorectal cancer patients Health controls P value
Gender 0.30
Male 34 (62.96) 27 (52.94)

Female 20 (37.04) 24 (47.06)

Age 0.00
mean + SD 64.89+9.72 53.94 +10.33

<60 yr 18 (33.33) 35 (68.63)

260 yr 36 (66.67) 16 (31.37)

Education level 0.00
Junior high school and below 43 (79.63) 10 (19.61)

Senior high school and above 11 (20.37) 41 (80.39)

BMI (kg/m?) 0.00
<185 4 (7.41) 0 (0.00)

18.5-23.9 37 (68.52) 24 (47.06)

224 13 (24.07) 27 (52.94)

Tumor location

Colon 36 (66.67) = -
Rectum 18 (33.33) - -
Pathogenic type o -
Protrude type 10 (18.52) = -
Infiltrating type 11 (20.37) - -
Ulcerative type 33 (61.11) = =
Differentiation - -
High 4(7.41) = -
Medium/low 50 (92.59) - o
Histological type o -
Adenocarcinoma 54 (100.00) o -
Other types 0 (0.00) = -
Dukes stage = -
A 43 (79.63) = -
B 7 (12.96) = -
C 4(7.41) = -
D 0(0.0) = -

BMI: Body mass index.

Distribution of intestinal flora in the two groups
The number of OTUs obtained in this research was 453, among which 93 unique OTUs belonged to the CRC group and 76
unique OTUs existed in the HC group. There were 284 OTUs shared between the CRC and HC groups, and details are
shown in a Venn diagram (Supplementary Figure 1A).

There was no statistical difference in alpha diversity between the CRC and control groups. The Shannon index (P =
0.79) and Simpson index (P = 0.50) results are shown in Supplementary Figures 1B and C. In addition, PCA plot showed
no difference in beta diversity of gut microbiota (Supplementary Figure 1D).
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Table 2 Evaluation of tumour marker expression, DNA score and fecal microbiota diagnostic index between cases and controls

Variable Colorectal cancer patients Health controls P value
AFP

mean + SD 5.70 +17.10 3.61+1.59 0.27
<7pg/L 49 (90.74) 49 (96.08)

>71pg/L 5 (9.26) 2(3.92)

CEA

mean + SD 40.67 +154.34 222 +1.47 0.00
<5pug/L 38 (70.37) 48 (94.12)

>51pg/L 16 (29.63) 3 (5.88)

CA199 0.02
mean + SD 59.65 + 269.59 10.01 +9.26

<25 pg/mL 44 (81.48) 49 (96.08)

>25.1 pg/mL 10 (18.52) 2(3.92)

DNA score

mean + SD 787.87 + 283.71 94.39 +41.62 0.00
<165 5 (9.26) 50 (98.04)

>165 49 (90.74) 1 (1.96)

FMDI: Fecal microbiota diagnostic index; CEA: Carcinoembryonic antigen; AFP: Alpha-fetoprotein; CA199: Carbohydrate antigen 199.

‘ Assessed for eligibility
Excluded (n= 1)
Enorliment Improper sample storage

| Eligible study subjects (7 = 105) |

Allocation

‘ CRC patients (7 = 54) l ‘ Healthy controls (7 = 51) ‘

MT-sDNA tests Detection of intestinal Detection of CA199,

microbiota, FMDI CEA and AFP levels

|

l

Alpha diversity, Beta diversity, PCA, LEfSe,
RDA, random forest model analysis

DOI: 10.4251/wjgo.v15.i8.1424 Copyright ©The Author(s) 2023.

Figure 1 Flow chart of participant selection. CRC: Colorectal cancer; MT-sDNA: Multi-target stool DNA; FMDI: Fecal microbiota diagnostic index; CEA:
Carcinoembryonic antigen; AFP: Alpha-fetoprotein; CA199: Carbohydrate antigen 199; PCA: Principal component analysis; RDA: Redundancy analysis; LEfSe:
Linear discriminant analysis effect size.
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LEfSe results in the two groups

In order to find species with significant differences in abundance in the two groups, the cladistic diagram of LEfSe
analysis was used, as shown in Figure 2. LEfSe analysis identified 23 characteristic bacterial groups (Figure 2A). An LDA
score > 4 indicated a significant difference in structure between the two groups (Figure 2B). Fusobacterium, Bacteroides,
Enterobacterales, Gammaproteobacteria, Proteobacteria, and Escherichia were more abundant in CRC patients than in HC. The
abundance of Prevotellaceae, Lachnospiraceae, Oscillospiraceae, Eubacteriales, and Clostridia was higher in the HC group.

Correlation analysis between bacterial community morphology and tumor biomarkers

In order to analyze the relationship between different tumor markers and the relative abundance of related flora
components and to observe the correlation between different flora and tumor biomarkers, RDA was performed. The
results of RDA analysis showed positive correlations between MT-sDNA and Bacteroides. Parabacteroides was positively
correlated with MT-sDNA and CEA, and Faecalibacterium and Megamonas was positively associated with AFP (Figure 3).

Diagnostic value of intestinal flora, MT-sDNA, and tumor markers in CRC

The random forest model results showed that the combination of the six genera, namely, Streptococcus, Escherichia,
Chitinophaga, Parasutterella, Lachnospira, and Romboutsia (Figure 4), can distinguish CRC patients from HC. We assessed
the clinical diagnostic value of intestinal microbiome, tumor markers, and MT-sDNA in CRC patients. We found that the
sensitivity, specificity, and AUC of intestinal microbiome were lower than those of the combined detection of MT-sDNA
and intestinal microbiome in CRC (AUC = 84.8% and 95.4%, respectively). The specificity and sensitivity of intestinal
microbiome combined with MT-sDNA and CEA in the diagnosis of CRC were 92.3% and 98.1%, and the diagnostic
accuracy was 97.1%, which was higher than that of either of the tumor biomarkers or MT-sDNA test alone (94.3% and
83.0%, respectively) (Figure 5).

DISCUSSION

Most of CRC cases are sporadic and follow a pattern of adenomatous to cancerous progression[17]. The development of
CRC is caused by the interaction of genetic and environmental factors, and changes in intestinal microbiome are closely
related to CRC.

Previous studies have confirmed changes in the bacterial composition of CRC, but no effective diagnostic model has
been developed in the aspect of MT-sDNA, gut microbiota, and tumor biomarkers interactions. We performed 165 rDNA
sequencing to investigate the differences in gut microbiota between patients with CRC and HC. In our study, Fusobac-
terium, Bacteroides, Gammaproteobacteria, Proteobacteria, Escherichia, and Enterobacterales were more abundant in CRC
patients than in HC. The intestinal flora of CRC was mainly Bacteroides and Fusobacterium as found in previous studies[18-
20]. Fusobacterium and Bacteroides are associated with metastasis and poor survival outcomes in CRC patients, which
makes them emerging candidate biomarkers[21,22]. We speculate that the gathering of Fusobacterium may result in
colonization of the colon mucosa and further promote the occurrence of CRC, suggesting that Fusobacterium may be a
“driving factor” for the occurrence of CRC[23]. Bacteroides promote tumorigenesis by inducing cell proliferation and
promoting tumor inflammation through toxins[24]. Additionally, Proteobacteria, Escherichia, Gammaproteobacteria, and
Enterobacterales were also affirmed as the CRC-associated bacteria in previous studies[25]. Proteobacteria are colonized in
the gut, causing persistent intestinal inflammation[26]. Escherichia may influence the development and progression of
CRC through inflammatory pathways and virulence factors[27]. Gammaproteobacteria could break leupeptin protease
inhibitors and was related to colonization phenotypes[28]. Enterobacterales induced the cell death, and contained
apoptosis-inducing substances[29]. Therefore, the gut microbiome has a direct pathogenic role in cell proliferation, cell
death, and inflammation in CRC, suggesting that regulating the gut microbiome can be a powerful tool for CRC
prevention and treatment.

Tumor markers can be used to predict the diagnosis of CRC[30]. Previous research showed that CEA and CA199
yielded an AUC of 0.74 and 0.67 to discriminate HC from CRC patients, which was similar with our results[31]. The
ability of tumor markers to distinguish CRC is limited, and new biomarkers need to be found for the diagnosis of CRC.
To achieve a comprehensive analysis, we first investigated the association between microbial composition and tumor
markers in CRC patients. We found positive correlations between MT-sDNA and Bacteroides. Parabacteroides was
positively correlated with MT-sDNA and CEA, and Faecalibacterium and Megamonas were positively associated with AFP.
This suggests that gut microbiota composition affects the MT-sDNA and tumor biomarkers in CRC patients. The results
of this study provide new ideas for tumor markers and intestinal flora in the drug therapy of CRC. Second, the random
forest model results showed that the combination of the six genera, namely, Streptococcus, Escherichia, Chitinophaga,
Parasutterella, Lachnospira, and Romboutsia, can distinguish CRC from HC. The results suggested that these six genera
could be used as the potential biomarkers for CRC diagnosis. Similar to other studies, our research confirmed that the
sensitivity of MT-sDNA and fecal bacteria in terms of CRC diagnosis was relatively high[32,33], indicating that MT-
sDNA and gut microbiota are suitable for the diagnosis of CRC[34,35]. Previous studies mostly focused on the diagnosis
accuracy of MT-sDNA and intestinal microbiome detection alone or combined with FIT, which is lacking diagnostic
accuracy. There was no studies focused on the combination of MT-sDNA test, intestinal microbiome, and tumor markers
in the diagnosis of CRC. We found that, in the detection of CRC, the sensitivity and accuracy of MT-sDNA combined with
CEA and fecal bacteria increased, which indicated that this combination has robust advantages in distinguishing CRC
patients from HC.
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Figure 3 Redundancy analysis in bacterial community characteristics (genus level) and tumor markers. Dots in the figure represent sample
names; arrows indicate tumor biomarkers; inverted triangle represents species. CRC: Colorectal cancer; CEA: Carcinoembryonic antigen; AFP: Alpha-fetoprotein;
CA199: Carbohydrate antigen 199; PCA: Principal component analysis; RDA: Redundancy analysis.

Although our study suggests that intestinal flora combined with tumor markers can improve the diagnostic efficacy for
CRC, our study have some shortcomings. First, the number of subjects included in our research was not large enough and
no multicenter clinical validation was performed. A larger sample size is expected to lead to more discoveries in the
future. Second, further experimental studies on mechanism investigations are needed to confirm our findings and
investigate the effects of tumor markers, MT-sDNA, and intestinal flora on CRC patients. Third, environmental factors
such as diet and lifestyle were not investigated in this study, and the influence of environmental factors on intestinal flora
could not be analyzed. However, our findings in this study will optimize the diagnosis of CRC and provide new ideas to
transform microbita-based strategies into precise diagnosis in the clinic.

CONCLUSION

Our study reveals that CRC-associated bacteria have specific differences. There are positive correlations of MT-sDNA,
CEA, as well as AFP with intestinal microbiome. Fecal microbiological markers combined with MT-sDNA and CEA can
enhance the sensitivity and specificity for the diagnosis of CRC, and are feasible in clinical application.
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Figure 4 The biomarker identification results by random forest model. The lattice plots show the identified biomarkers and their importance, with
retention importance higher than 1.5.
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Figure 5 Receiver operating characteristic curves of different detection methods to assess colorectal cancer. CEA: Carcinoembryonic antigen;
AFP: Alpha-fetoprotein; CA199: Carbohydrate antigen 199; PCA: Principal component analysis; AUC: Area under the receiver operating characteristic curve.

ARTICLE HIGHLIGHTS

Research background
Colorectal cancer (CRC) is a major global health burden, and its incidence and mortality have increased rapidly over the
past decades and resulted in massive economic burdens in China.

Research motivation
This case-control study enrolled 54 CRC patients and 51 healthy controls.

Research objectives

This research aimed to explore the characteristics of intestinal flora and its correlation with multi-target stool DNA (MT-
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sDNA) and tumor markers in CRC patients, and evaluate the diagnostic performance of MT-sDNA and tumor
biomarkers combined with microbiota in CRC.

Research methods

We evaluated the performance of the MT-sDNA test based on a hospital clinical trial. The intestinal microbiota was tested
using 165 rRNA gene sequencing. We identified biomarkers of bacteria structure, analyzed the relationship between
different tumor markers and the relative abundance of related flora components, and distinguished CRC patients from
healthy subjects by the linear discriminant analysis effect size, redundancy analysis, and random forest analysis,
respectively.

Research results

We found that MT-sDNA was closely associated with Bacteroides. MT-sDNA and carcinoembryonic antigen (CEA) were
positively correlated with the existence of Parabacteroides, and alpha-fetoprotein was positively associated with Faecalibac-
terium and Megamonas. The random forest model results showed that the combination of the six genera, namely, Strepto-
coccus, Escherichia, Chitinophaga, Parasutterella, Lachnospira, and Romboutsia, can distinguish CRC from health controls. The
sensitivity and specificity of MT-sDNA combined with the six genera and CEA in the diagnosis of CRC were 98.1% and
92.3%, respectively, and the diagnostic accuracy was 97.1%.

Research conclusions

MT-sDNA and tumor markers were positively correlated with intestinal flora. Intestinal flora, MT-sDNA, and tumor
markers showed significant sensitivity and specificity for CRC prediction, which could be used as a non-invasive method
to improve the diagnostic accuracy.

Research perspectives
Our results will optimize the diagnosis of CRC and provide new ideas for translating microbit-based diagnostic strategies
into precise diagnosis in the clinic.
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