Gastrointestinal Oncology

Baishideng Publishing Group Inc



World Journal of
(]- ¢ Gastrointestinal
Oncology

Contents Monthly Volume 16 Number 6 June 15, 2024

EDITORIAL

2264  Dual primary gastric and colorectal cancer: The known hereditary causes and underlying mechanisms
Azer SA

2271  Application of Fusobacterium nucleatum as a biomarker in gastrointestinal malignancies
Yu LC, Li YP, Xin YM, Mao M, Pan YX, Qu YX, Luo ZD, Zhang Y, Zhang X

2284  T1 colorectal cancer management in the era of minimally invasive endoscopic resection
Jiang SX, Zarrin A, Shahidi N

2295  Mixed neuroendocrine and adenocarcinoma of gastrointestinal tract: A complex diagnosis and therapeutic
challenge
Shenoy S

2300  Advancements in breath-based diagnostics for pancreatic cancer: Current insights and future perspectives
Tez M, Sahingéz E, Marth HF

2304  Colorectal cancer and dormant metastases: Put to sleep or destroy?
Senchukova MA
REVIEW

2318  Advances in targeted therapy for human epidermal growth factor receptor 2 positive in advanced gastric
cancer
Jiang YK, Li W, Qiu YY, Yue M

2335  Research progress of ferroptosis regulating lipid peroxidation and metabolism in occurrence and
development of primary liver cancer
Shu YJ, Lao B, Qiu YY

2350  Early monitoring values of oncogenic signalling molecules for hepatocellular carcinoma
Yao M, Fang RF, Xie Q, Xu M, Sai WL, Yao DF
MINIREVIEWS

2362  Therapeutic strategies targeting the epidermal growth factor receptor signaling pathway in metastatic
colorectal cancer
Zhou Y, Wu S, Qu FJ

2380  Predicting the prognosis of hepatic arterial infusion chemotherapy in hepatocellular carcinoma
Wang QF, Li ZW, Zhou HF, Zhu KZ, Wang YJ, Wang YQ, Zhang YW

Buissidenge WIGO | hitps://www.wijgnet.com I June 15,2024 | Volume16 | Issue6



World Journal of Gastrointestinal Oncology

Contents

Monthly Volume 16 Number 6 June 15, 2024

2394

Unraveling colorectal cancer prevention: The vitamin D - gut flora - immune system nexus

Zhan Z8S, Zheng ZS, Shi J, Chen J, Wu SY, Zhang SY

2404

2419

2429

2439

2449

2463

2476

2487

2504

2520

ORIGINAL ARTICLE
Retrospective Cohort Study

Unveiling the secrets of gastrointestinal mucous adenocarcinoma survival after surgery with artificial
intelligence: A population-based study

Song J, Yan XX, Zhang FL, Lei YY, Ke ZY, Li F, Zhang K, He YQ, Li W, Li C, Pan YM

Analysis of metabolic characteristics of metabolic syndrome in elderly patients with gastric cancer by non-
targeted metabolomics

Zhang H, Shen WB, Chen L

Retrospective Study

Predictive value of preoperative routine examination for the prognosis of patients with pT2NOMO or
pT3NOMO colorectal cancer

Jing PF, Chen J, Yu ED, Miao CY

Simplified liver imaging reporting and data system for the diagnosis of hepatocellular carcinoma on
gadoxetic acid-enhanced magnetic resonance imaging

Lyu R, Hu WJ, Wang D, Wang J, Ye YB, Jia KF

Efficacy comparison of fruquintinib, regorafenib monotherapy or plus programmed death-1 inhibitors for
microsatellite stable metastatic colorectal cancer

An TQ, Qiu H, Zhou QB, Zong H, Hu S, Lian YG, Zhao RH

Development of a diagnostic nomogram for alpha-fetoprotein-negative hepatocellular carcinoma based on
serological biomarkers

He L, Zhang C, Liu LL, Huang LP, Lu WJ, Zhang YY, Zou DY, Wang YF, Zhang Q, Yang XL

Drug-eluting bead transarterial chemoembolization as neoadjuvant therapy pre-liver transplantation for
advanced-stage hepatocellular carcinoma

Ye ZD, Zhuang L, Song MC, Yang Z, Zhang W, Zhang JF, Cao GH

Association between Helicobacter pylori infection, mismatch repair, HER2 and tumor-infiltrating
lymphocytes in gastric cancer

Castaneda CA, Castillo M, Bernabe LA, Sanchez J, Fassan M, Tello K, Wistuba II, Chavez Passiuri I, Ruiz E, Sanchez J,
Barreda F, Valdivia D, Bazan Y, Abad-Licham M, Mengoa C, Fuentes H, Montenegro P, Poquioma E, Alatrista R, Flores
CJ, Taxa L

Impact of baseline hepatitis B virus viral load on the long-term prognosis of advanced hepatocellular
carcinoma treated with immunotherapy

Pan D, Liu HN, Yao ZY, Chen XX, Li YQ, Zhu JJ, Han ZX, Qin XB

Prediction of pathological complete response and prognosis in locally advanced rectal cancer

Xu YJ, Tao D, Qin SB, Xu XY, Yang KW, Xing ZX, Zhou JY, Jiao Y, Wang LL

Jaishiden,

o WIGO | hittps://www.wijgnet.com 1I June 15,2024 | Volume16 | Issue6



World Journal of Gastrointestinal Oncology

Contents

Monthly Volume 16 Number 6 June 15, 2024

2531

2541

2555

2571

2592

2610

2631

2646

2663

2673

2683

Observational Study

Extrahepatic cholestasis associated with paracoccidioidomycosis: Challenges in the differential diagnosis
of biliopancreatic neoplasia

dos Santos JS, de Moura Arrais V, Rosseto Ferreira WJ, Ribeiro Correa Filho R, Brunaldi MO, Kemp R, Sankanrakutty AK,
Elias Junior J, Bellissimo-Rodrigues F, Martinez R, Zangiacomi Martinez E, Ardengh JC

Clinical and Translational Research

Development of a novel staging classification for Siewert II adenocarcinoma of the esophagogastric
junction after neoadjuvant chemotherapy

Zhang J, Liu H, Yu H, Xu WX

N6-methyladenosine methylation regulates the tumor microenvironment of Epstein-Barr virus-associated
gastric cancer

Zhang Y, Zhou F, Zhang MY, Feng LN, Guan JL, Dong RN, Huang YJ, Xia SH, Liao JZ, Zhao K

Hepatocellular carcinoma: An analysis of the expression status of stress granules and their prognostic
value

Ren OS, Sun Q, Cheng SQ, Du LM, Guo PX

Comprehensive analysis of clinical and biological value of ING family genes in liver cancer

Liu SC

Epidemiology and prognostic nomogram for locally advanced gastric signet ring cell carcinoma: A
population-based study

Yu ZH, Zhang LM, Dai ZQ, Zhang MN, Zheng SM

Socioeconomic traits and the risk of Barrett’s esophagus and gastroesophageal reflux disease: A Mendelian
randomization study

Liu YX, Bin CL, Zhang L, Yang WT, An BP

Basic Study

Complement factor I knockdown inhibits colon cancer development by affecting Wnt/{-catenin/c-Myc
signaling pathway and glycolysis
Du YJ, Jiang Y, Hou YM, Shi YB

Fine-needle aspiration technique under endoscopic ultrasound guidance: A technical approach for RNA
profiling of pancreatic neoplasms

Seyfedinova SS, Freylikhman OA, Sokolnikova PS, Samochernykh KA, Kostareva AA, Kalinina OV, Solonitsyn EG

Comprehensive analysis of gene mutations and mismatch repair in Chinese colorectal cancer patients
Chen H, Jiang RY, Hua Z, Wang XW, Shi XL, Wang Y, Feng QQ, Luo J, Ning W, Shi YF, Zhang DK, Wang B, Jie JZ, Zhong
DR

Action of circulating and infiltrating B cells in the immune microenvironment of colorectal cancer by
single-cell sequencing analysis

Zhang JP, Yan BZ, Liu J, Wang W

Jaishiden,

o WIGO | hittps://www.wijgnet.com 11 June 15,2024 | Volume16 | Issue6



World Journal of Gastrointestinal Oncology

Contents

Monthly Volume 16 Number 6 June 15, 2024

2697

2716

2727

2742

2757

2769

Bidirectional effects of the tryptophan metabolite indole-3-acetaldehyde on colorectal cancer

Dai Z, Deng KL, Wang XM, Yang DX, Tang CL, Zhou YP

Sm-like 5 knockdown inhibits proliferation and promotes apoptosis of colon cancer cells by upregulating
p53, CDKN1A and TNFRSF10B

Mo CJ, Deng XY, Ma RL, Zhu K, Shi L, Li K

Shi-pi-xiao-ji formula suppresses hepatocellular carcinoma by reducing cellular stiffness through upregu-
lation of acetyl-coA acetyltransferase 1

Jian HY, Liang ZC, Wen H, Zhang Z, Zeng PH

Aspirin suppresses hepatocellular carcinoma progression by inhibiting platelet activity

Zhao LJ, Wang ZY, Liu WT, Yu LL, Qi HN, Ren J, Zhang CG

Circ_0004592: An auxiliary diagnostic biomarker for gastric cancer

Kong S, Xu YH, Zheng M, Ju SQ, Shi HC

N-glycosylation of Wnt3 regulates the progression of hepatocellular carcinoma by affecting Wnt/ -catenin
signal pathway
Zhang XZ, Mo XC, Wang ZT, Sun R, Sun DQ

2781

SYSTEMATIC REVIEWS
Ferroptosis regulating lipid peroxidation metabolism in the occurrence and development of gastric cancer

Wang LM, Zhang WW, Qiu YY, Wang F

2793

2804

2816

META-ANALYSIS

Meta-analysis of transarterial chemoembolization combined with cryoablation vs transarterial chemoem-
bolization alone for > 5 cm hepatocellular carcinoma

Cheng JF, Sun QL, Tang L, Xu XJ, Huang XZ

Dynamic contrast enhanced ultrasound in differential diagnosis of hepatocellular carcinoma: A systematic
review and meta-analysis

Esposto G, Santini P, Termite F, Galasso L, Mignini I, Ainora ME, Gasbarrini A, Zocco MA

Correlation analysis of interstitial maturity and prognosis of colorectal cancer: Meta-analysis

Liu ZJ, Zhang XW, Liu QQ, Wang SZ

2826

2842

SCIENTOMETRICS

Visualization analysis of research hotspots and trends on gastrointestinal tumor organoids

Wang G, Liu T, He WT

Trends and hotspots in gastrointestinal neoplasms risk assessment: A bibliometric analysis from 1984 to
2022

Fu QQ, Ma L, Niu XM, Zhao HX, Ge XH, Jin H, Yu DH, Yang S

Jaishiden,

5 WJGO | https://www.wjgnet.com IX June 15,2024 | Volumel6 | Issue6



World Journal of Gastrointestinal Oncology

Contents
Monthly Volume 16 Number 6 June 15, 2024

LETTER TO THE EDITOR

2862  New perspectives in prognostication of hepatocellular carcinoma: The role and clinical implications of
transient receptor potential family genes

Guan SH, Hu WJ, Wang XY, Gu YX, Zhou DH

RETRACTION NOTE
2865  Retraction note to: RNA-binding protein CPSF6 regulates IBSP to affect pyroptosis in gastric cancer
Wang XJ, Liu Y, Ke B, Zhang L, Liang H

Boishideng® WJGO | https://www.wjgnet.com X June 15,2024 | Volume16 | Issue6 |



World Journal of Gastrointestinal Oncology

Contents

Monthly Volume 16 Number 6 June 15, 2024

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Oncology, Samy Azer, FACG, MD, PhD, Professor,
Department of Medical Education, King Saud University College of Medicine, Riyadh 11461, Saudi Arabia.
azer2000@optusnet.com.au

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
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 2023 is 4.2 and
Scopus CiteScore rank 2023: Gastroenterology is 80/167; Oncology is 196/404.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: S Zhao; Production Department Director: Xiang I.; Cover Editor: Jia-Ru Fan.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

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

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

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

https:/ /www.wjgnet.com/1948-5204/ editotialboard.htm https:/ /www.wijgnet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
June 15, 2024 https:/ /www.wjgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2024 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2024 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: office@baishideng.com https://www.wjgnet.com

63%9@ WJGO | https://www.wjgnet.com X1 June 15,2024 | Volume16 | Issue6


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:office@baishideng.com
https://www.wjgnet.com

World Journal of
(]- ¢ Gastrointestinal

Oncology

Submit a Manuscript: https:/ /www.f6publishing.com World | Gastrointest Oncol 2024 June 15; 16(6): 2673-2682

DOI: 10.4251/wjgo.v16.16.2673

ISSN 1948-5204 (online)

Basic Study

ORIGINAL ARTICLE

Comprehensive analysis of gene mutations and mismatch repair in
Chinese colorectal cancer patients

Huang Chen, Rui-Ying Jiang, Zhan Hua, Xiao-Wei Wang, Xiao-Li Shi, Ye Wang, Qian-Qian Feng, Jie Luo, Wu
Ning, Yan-Fen Shi, Da-Kui Zhang, Bei Wang, Jian-Zheng Jie, Ding-Rong Zhong

Specialty type: Oncology

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

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade A
Novelty: Grade A

Creativity or Innovation: Grade A
Scientific Significance: Grade A

P-Reviewer: Ampollini L, Italy

Received: December 4, 2023
Revised: February 23, 2024
Accepted: April 12, 2024
Published online: June 15, 2024

Huang Chen, Rui-Ying Jiang, Xiao-Wei Wang, Ye Wang, Qian-Qian Feng, Jie Luo, Yan-Fen Shi, Bei
Wang, Ding-Rong Zhong, Department of Pathology, China-Japan Friendship Hospital, Beijing
100029, China

Zhan Hua, Wu Ning, Da-Kui Zhang, Jian-Zheng Jie, Department of Gastrointestinal Surgery,
China-Japan Friendship Hospital, Beijing 100029, China

Xiao-Li Shi, Department of Scientific Research, Geneis, Beijing 100012, China

Corresponding author: Ding-Rong Zhong, MD, Chief Doctor, Department of Pathology, China-
Japan Friendship Hospital, No. 2 Yinghuayuan, East Street, Chaoyang District, Beijing 100029,
China. 748803069(@qq.com

Abstract

BACKGROUND

RAS, BRAF, and mismatch repair (MMR)/microsatellite instability (MSI) are
crucial biomarkers recommended by clinical practice guidelines for colorectal
cancer (CRC). However, their characteristics and influencing factors in Chinese
patients have not been thoroughly described.

AIM
To analyze the clinicopathological features of KRAS, NRAS, BRAF, and PIK3CA
mutations and the DNA MMR status in CRC.

METHODS

We enrolled 2271 Chinese CRC patients at the China-Japan Friendship Hospital.
MMR proteins were tested using immunohistochemical analysis, and the
KRAS/NRAS/BRAF/PIK3CA mutations were determined using quantitative
polymerase chain reaction. Microsatellite status was determined using an MSI
detection kit. Statistical analyses were conducted using SPSS software and logistic
regression.

RESULTS

The KRAS, NRAS, BRAF, and PIK3CA mutations were detected in 44.6%, 3.4%,
3.7%, and 3.9% of CRC patients, respectively. KRAS mutations were more likely to
occur in patients with moderate-to-high differentiation. BRAF mutations were
more likely to occur in patients with right-sided CRC, poorly differentiated, or no
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perineural invasion. Deficient MMR (dMMR) was detected in 7.9% of all patients and 16.8% of those with
mucinous adenocarcinomas. KRAS, NRAS, BRAF, and PIK3CA mutations were detected in 29.6%, 1.1%, 8.1%, and
22.3% of patients with dMMR, respectively. The dMMR was more likely to occur in patients with a family history
of CRC, aged < 50 years, right-sided CRC, poorly differentiated histology, no perineural invasion, and with
carcinoma in situ, stage I, or stage II tumors.

CONCLUSION
This study analyzed the molecular profiles of KRAS, NRAS, BRAF, PIK3CA, and MMR/MSI in CRC, identifying
key influencing factors, with implications for clinical management of CRC.

Key Words: Colorectal cancer; Deficient mismatch repair; Microsatellite instability; Gene mutation; Comprehensive analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study presents a comprehensive analysis of KRAS, NRAS, BRAF, PIK3CA mutations, and mismatch repair
(MMR)/microsatellite instability status in 2271 Chinese patients with colorectal cancer (CRC). Key findings include
mutation frequencies, their association with clinicopathological characteristics, and the influence of MMR deficiency. These
findings have significant implications for the clinical management of CRC, providing a foundation for personalized therapy
and precision medicine in CRC.
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INTRODUCTION

Colorectal cancer (CRC) is the third most commonly diagnosed cancer worldwide and the second leading cause of cancer-
related mortality[1]. In China, CRC ranks fifth in terms of both incidence and mortality among all malignant tumors,
according to the China Cancer Statistics report in 2018[2]. Advances in understanding the pathogenesis of CRC and in
gene detection technologies have led to the identification of an increasing number of genes associated with CRC
development and treatment. Notably, guidelines and expert consensus worldwide now recommend the detection of
CRC-related genes such as microsatellite instability (MSI)/mismatch repair (MMR), KRAS, NRAS, and BRAF[3].
Furthermore, there is a growing interest among clinical investigators in exploring the clinical significance of other genes,
such as HER2, PIK3CA, and NTRK, which have shown potential implications in the management of CRC.

According to relevant studies, approximately 40%-50% of CRC patients exhibit KRAS mutations, whereas NRAS
mutations account for 3.8% of CRC cases. Patients with KRAS or NRAS mutations tend to exhibit poorer prognoses than
those of patients with wild-type KRAS or NRAS, and they do not benefit from EGFR inhibitors[4,5]. The frequency of
BRAF mutations in Asian CRC patients ranges from 5.4% to 6.7%[6]. In CRC, BRAF V600E mutations are associated with
reduced overall survival, poor treatment response, and distinct patterns of metastasis and diffusion compared with those
in wild-type BRAF tumors. Importantly, BRAF mutations are mutually exclusive of KRAS/NRAS mutations[4,7].
Additionally, PIK3CA mutations occur in a subset of the Chinese population, with a mutation rate of approximately 3.5%.
PIK3CA mutations coexist with RAS mutations, unlike BRAF mutations. Furthermore, studies have suggested that
PIK3CA mutations may serve as predictive markers for aspirin therapy[8]. In addition, approximately 10%-15% of CRC
patients exhibit high MSI (MSI-H) or deficient MMR (dMMR). MSI-H is a crucial molecular pathway involved in CRC
development. Early-stage CRC with the MSI-H/dMMR phenotype is associated with a more favorable prognosis,
whereas MSI-H/dMMR is considered a poor prognostic factor for advanced CRC[9]. Notably, dAMMR/MSI-H has
emerged as a biomarker for predicting response to immune checkpoint blockade, representing a significant advancement
in the treatment of patients with metastatic CRC who do not benefit from fluorouracil-based adjuvant chemotherapy[10-
12].

Given the clinical implications of the MSI/dMMR, KRAS, NRAS, BRAF, and PIK3CA status, it is crucial for clinicians to
accurately identify these molecular characteristics in patients with CRC to facilitate appropriate management decisions
for patients and their at-risk family members. Therefore, this study aimed to evaluate the relationship between
clinicopathological features and the prevalence of MMR/MSI, KRAS, NRAS, BRAF, and PIK3CA mutations, thereby
enhancing our understanding of the clinical relevance of these genes in guiding treatment decisions.
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MATERIALS AND METHODS

Patients

We conducted a retrospective analysis of the pathology reports from consecutively treated patients with CRC who
underwent surgical resection at the China-Japan Friendship Hospital between January 2015 and December 2020. A total
of 2271 eligible patients with CRC were included in this study. The clinical stage of each case was reassessed using the 8"
edition of the American Joint Committee on Cancer Tumor Node Metastasis staging system. Detailed data on clinicopath-
ological characteristics of the patients were collected and analyzed. This study was conducted in accordance with the
ethical guidelines and regulations approved by the Ethics Committee of China-Japan Friendship Hospital (Approval No.
(QX2021-001-01). Given the retrospective nature of this study, the requirement for written informed consent was waived.

Immunohistochemical analysis

For each case, 4 pm thick sections were obtained from a representative block of formalin-fixed, paraffin-embedded tumor
tissue. Immunohistochemistry (IHC) was performed using monoclonal antibodies against MLH1 (clone ES05, 1:20),
MSH?2 (clone FE11, 1:20), MSH6 (clone EP49, 1:20), and PMS2 (clone EPR3947, 1:20) sourced from Beijing Zhongshan
Golden Bridge Biotechnology, China. IHC staining was carried out using an automated slide stainer (Ventana
Benchmark) in combination with an OptiView DAB IHC Detection Kit (Ventana Medical Systems, AZ, United States).
Evaluation of protein expression relied on the absence of nuclear staining in tumor cells or very faint nuclear staining in
focal tumor cells, indicating a loss of protein expression (abnormal staining). The positive internal controls consisted of
stromal/lymphoid cells and the nearby normal glandular epithelium of the bowel. To maintain consistency and accuracy,
two specialized pathologists assessed the IHC results, and only samples with concordant interpretations were included in
the present study.

KRAS/NRAS/BRAF/PIK3CA mutation testing

Genomic DNA was extracted from formalin-fixed and paraffin-embedded (FFPE) tissues, and subsequent quantitative
polymerase chain reaction (QPCR) analysis was conducted using the human KRAS/NRAS/PIK3CA/BRAF mutation
detection kit according to the manufacturer’s instructions (AmoyDx, Xiamen, China). Briefly, a total volume of 25 pL was
prepared, including a complex mixture comprising 0.3 pM primers and Tagman probes, 200 pM deoxynucleotide triphos-
phates, 200 pM Taq polymerase, and 90 ng of DNA. qPCR amplification was performed carried out using the ABI 7500
instrument (Thermo Fisher Scientific, Massachusetts, United States) according to the manufacturer’s instructions. The
resulting data were analyzed using 7500 software ver 2.3 (Applied Biosystems, Foster City, CA, United States).

MSI test

CRC tissue samples and adjacent normal tissue samples were collected from patients. A pathologist reviewed
hematoxylin and eosin-stained slides of the tumors, and areas containing < 10% viable tumor cells were marked for
macrodissection to enrich the tumor DNA. Genomic DNA was then extracted from all paired tumor-normal samples
using the AmoyDx® FFPE DNA Kit (Xiamen, China). Microsatellite status was determined using six microsatellite
markers (NR21, NR24, NR27, BAT25, BAT26, and MONO-27) and was detected using an MSI detection kit (Microread,
Beijing, China). The reaction complex was subsequently analyzed by DNA fragmentation assays using an Applied
Biosystems 3500DX instrument (Massachusetts, United States). Further details on the specific practices for MSI detection
can be found in references[13]. Allelic sizes were evaluated using GeneMapper software ver 4.1 (Thermo Fisher Scientific,
Waltham, MA, United States). MSI status was classified as microsatellite stable (MSS), MSI-low (MSI-L, with instability in
one marker), and MSI-H (with instability in more than two markers).

Statistical analysis

Statistical analyses were conducted using SPSS (version 22; SPSS Inc., Chicago, IL, United States) or Prism software
(version 7; San Diego, CA, United States). Data that did not meet the criteria for the y? test were combined into
appropriate groups to meet the required standards. Logistic regression analysis was used to determine the factors
influencing driver gene mutations. P values < 0.05 were considered statistically significant.

RESULTS

Characteristics of the patients

A total of 2271 patients diagnosed with CRC were included in the analysis. Among these patients, 1361 (59.9%) were male
and 910 (40.1%) were female. Of the total number of patients, 1983 (87.3%) were over 50 years of age, 300 (13.2%) had a
family history of CRC, 1762 (77.6%) had no history of smoking, and 1848 (81.4%) had no history of alcohol consumption.
Histologically, 2150 (99.1%) patients had adenocarcinomas, including 113 (5.0%) diagnosed with mucinous adenocar-
cinomas. Tumor grading, according to the World Health Organization (WHO) criteria (Fourth Edition of the WHO Classi-
fication of Tumors of the Digestive System), revealed that 226 (10.0%) tumors were poorly differentiated, while 1878
(82.7%) were moderately or well differentiated. Most tumors were in stages II and III (36.8% and 41.2%, respectively).
Right-sided colon cancer was diagnosed in 551 (24.3%) patients, while left-sided colon cancer was diagnosed in 1718
(75.6%) patients. Additionally, 489 (21.5%), 786 (34.6%), and 486 (21.4%) patients had cancerous nodules, perineural
invasion, and vascular invasion, respectively. Detailed clinicopathological characteristics of the patients are summarized
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in Table 1.

KRAS/NRAS/BRAF/PIK3CA mutation characteristics and affecting factors

The status of KRAS, NRAS, BRAF, and PIK3CA mutations in 2271 Chinese patients with CRC is presented in Figure 1 and
Table 2. KRAS mutations were detected in 44.6% (1014/2271) of all patients and 44.2% (50/113) of patients with mucinous
adenocarcinomas. Among the overall patient population, 28.8% (653/2271) of the KRAS mutations occurred in exon 2,
1.5% (34/2271) in exon 3, 2.1% (48/2271) in exon 4, and 0.2% (6/2271) were indistinguishable between exons 2/3 or 2/4.
In patients with mucinous adenocarcinoma, 37.2% (42/113), 2.7% (3/113), and 4.4% (5/113) of the mutations were in
exons 2, 3, and 4, respectively. Of the analyzed samples, 3.4% (78/2271) harbored NRAS mutations, of which 1.5% (33/
2271) occurred in exon 2 and 1.1% (25/2271) in exon 3. No NRAS mutations were detected in patients with mucinous
adenocarcinoma. Interestingly, six patients displayed concurrent mutations in both KRAS and NRAS. PIK3CA mutations
were detected in 88 patients (3.9%, 88/2271), of whom 43 (48.8%, 43/88) had KRAS mutations as well. PIK3CA mutations
were present in 43 of 1014 (4.2%) patients with KRAS mutations, compared to 45 of 1256 (3.6%) patients with wild-type
KRAS. Notably, in mucinous adenocarcinoma, PIK3CA exon 20 mutations accounted for 7.1% (8/113) of the cases.
Furthermore, BRAF V600E mutations were detected in 85 of the 2271 patients with CRC (3.7%) and in 14 of the 113
patients with mucinous adenocarcinoma (12.4%). The mutual exclusivity of KRAS (exons 2, 3, and 4), NRAS (exons 2, 3,
and 4), and BRAF mutations was confirmed, as none of the patients with KRAS or NRAS mutations displayed
simultaneous BRAF mutations. However, three tumors exhibited concurrent mutations in BRAF and PIK3CA.

In addition, we investigated the factors affecting the mutation status of KRAS, NRAS, BRAF, and PIK3CA
(Supplementary Table 1, Figure 2). Logistic regression analysis revealed that KRAS mutations were more prevalent in
patients with moderately and highly differentiated tumors (P = 0.003). BRAF mutations were more frequently observed in
patients with right-sided CRC, poorly differentiated tumors, and no perineural invasion (P < 0.01). Additionally, PIK3CA
mutations were more common in patients with right-sided CRC (P = 0.004). No statistically significant differences were
observed between patients with wild-type NRAS and those with mutations.

Characteristics of dMMR and MSI and influencing factors

All 2271 patients with CRC included in our study underwent both MMR-IHC and MSI-PCR analyses. Abnormal MMR
IHC results were detected in 179 tumors (7.9% of patients). Specifically, 2, 3, 16, and 28 patients exhibited loss of MLH1,
MSH?2, MSH6, and PMS2 expression, respectively. Furthermore, 96, 28, and 6 patients showed simultaneous loss of
MLH1/PMS2, MSH2/MSHS6, and MLH1/PMS2/MSH6 expression, respectively. In terms of MSI status, 186 patients
(8.2% of the total) were classified as having MSI, including seven patients (3.8%) with MSI-L and 179 patients (96.2%)
with MSI-H. The concordance between MSI-H cases and those exhibiting abnormal MMR IHC was remarkably high, with
95.5% of cases with abnormal MMR IHC showing the MSI-H status. However, eight patients (0.4%) with MSI-H showed
no abnormalities in MMR IHC, and six patients (3.4%) with abnormal MMR IHC were found to be MSS upon initial
assessment (Table 3).

The relationships between clinicopathological features and MSI or MMR status are shown in Supplementary Table 2.
The incidence of dAMMR in mucinous adenocarcinomas was as high as 16.8%. Interestingly, the prevalence of KRAS
mutations in patients with AMMR was 29.6% (53 out of 179), which was lower than that observed in the general
population. Additionally, the frequency of BRAF mutations among patients with dAMMR was 22.3% (40 out of 179), as
depicted in Figure 3.

We conducted additional analyses to assess the clinicopathological factors associated with dAMMR. Our findings
revealed that AIMMR was more likely to accumulate in patients aged < 50 years, with a positive family history, and with
tumors located in the right colorectal site (P < 0.001). In addition, IMMR tumors were significantly associated with poorly
differentiated histology (P < 0.001) and the absence of perineural invasion (P < 0.001), particularly in stage carcinoma in
situ (Tis; P = 0.007) or stage II (P = 0.001), as illustrated in Figure 4.

DISCUSSION

Mutations in KRAS, NRAS, BRAF, and PIK3CA and the assessment of MMR/MSI status play crucial roles in evaluating
patients with CRC. In this real-world study, we conducted a retrospective analysis of KRAS, NRAS, BRAF, and PIK3CA
mutated genes, as well as MMR protein status, in a cohort of 2271 patients with CRC from northern China. The analysis
of this large-scale dataset aimed to elucidate the clinicopathological characteristics and clinical relevance of these
significant driver genes.

The mutation rates and profiles of KRAS, NRAS, BRAF, and PIK3CA in our study were consistent with those of
previous reports[14,15]. Mucinous colorectal adenocarcinoma, although a rare histological type accounting for 5%-15% of
CRC cases, is associated with worse survival than conventional adenocarcinoma[16,17]. Furthermore, mucinous
adenocarcinoma exhibits higher frequencies of KRAS, BRAF, and PIK3CA mutations when compared to those in all CRC
types[18]. In our study, we observed mutation rates of 60.2%, 12.4%, and 7.1% for KRAS, BRAF, and PIK3CA, respectively,
in mucinous adenocarcinoma, compared to 44.6%, 3.7%, and 3.9%, respectively, in all CRC cases. These findings are
consistent with those reported by Li et al[16].

To provide meaningful insights for clinical practice, we analyzed the clinicopathological factors associated with driver
gene mutations. Our multivariate logistic regression analysis revealed that tumor differentiation grade was a key factor
related to KRAS mutations. Specifically, patients with moderately to highly differentiated tumors were more likely to
harbor KRAS mutations, as reported by Imamura et al[19]. Interestingly, no significant clinicopathological differences
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Table 1 Clinicopathological characteristics of patients cohort, n (%)

Chen H et al. CRC gene mutations and MMR

Characteristics All cases (n =2271) Characteristics All cases (n =2271)
Sex Perineural invasion

Male 1361 (59.9) No 1484 (65.3)
Female 910 (40.1) Yes 786 (34.6)
Age category (yr) NA 1(<0.01)
<50 288 (12.7) Vascular invasion

> 50 1983 (87.3) No 1779 (78.3)
Smoking status Yes 486 (21.4)
No 1762 (77.6) NA 6(0.3)

Yes 509 (22.4) Histological type

Drinking status Adenocarcinoma 2250 (99.1)
No 1848 (81.4) Mucinous adenocarcinoma 113 (5.0)
Yes 423 (18.6) Others 21 (0.9)
Family history Histological differentiation grade

No 1971 (86.8) Poorly differentiated 226 (10.0)
Yes 300 (13.2) Moderately/well differentiated 1878 (82.7)
Tumor location NA 167 (7.4)
Right colon 551 (24.3) Stage

Left colon 1718 (75.6) Tis 18 (0.8)
Liver 2(0.1) I 304 (13.4)
Cancer nodules I 836 (36.8)
No 1782 (78.5) it 935 (41.2)
Yes 489 (21.5) v 178 (7.8)

Tis: Carcinoma in situ. NA: Not available.

60% -

Mutation frequency

KRAS

Figure 1 KRASINRASIBRAFIPIK3CA mutation frequency.

mmm All patients (7 = 2271)
== Mucinous adenocarcinoma (77 = 113)

NRAS BRAF

were found between NRAS mutated tumors and wild-type tumors in our study, as well as in other studies. Additionally,
we found that high BRAF mutation rates were associated with low differentiation, the absence of perineural invasion, and
right-sided colon cancer, which is consistent with the results of previous research[20,21]. Moreover, our study identified
cancer location as the only relevant factor for PIK3CA mutations, with these mutations being enriched in right-sided CRC.

MSI is a molecular manifestation of a defective MMR system[22]. PCR-based MSI detection is commonly employed
because it can provide insight into the status of the MMR system and exhibits high concordance with MMR protein
detection through immunohistochemical analysis. Multiple clinical trials have demonstrated a strong correlation between
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Figure 2 Multivariate logistic regression analyses for KRAS, BRAF, NRAS, and PIK3CA mutation detection. A: KRAS mutation detection; B:
BRAF mutation detection; C: NRAS mutation detection; D: PIK3CA mutation detection. If the odds ratio is less than 1, then the predictor is associated with KRAS,
BRAF, NRAS, and PIK3CA mutation detection. OR: Odds ratio; CI: Confidence interval.

0,
A 92.1% mmm Al patients (n = 2271)
83.2% W Mucinous adenocarcinoma (7 = 113)
80% 1
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B 44.6% 45.9% mm All patients (7= 2271)
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KRAS NRAS BRAF PIK3CA

Figure 3 The mismatch repair deficiency status distributed across different histological types and driver genes. A: Different histological types;
B: Different driver genes. dMMR: Deficient mismatch repair; pMMR: Proficient mismatch repair.

molecular MSI and protein-based MMR detection[23]. In the present study, the consistency between MSI-PCR and MMR-
IHC detection was 99.6%, which surpassed that reported in previous clinical studies. In addition, we found a higher
incidence of dMMR in patients with mucinous adenocarcinoma (16.8%) than in all patients (7.9%), which is consistent
with previous reports[18]. Among patients with AMMR, there was an enrichment of BRAF (22.3% vs 3.7% in all CRC) and
PIK3CA mutations (5.6% vs 3.9% in all CRC), as well as a lower frequency of KRAS (29.6% vs 44.6% in all CRC) and NRAS
mutations (1.1% vs 3.4% in all CRC). BRAF V600E has been strongly correlated with MLH1 promoter methylation, leading
to dMMR[24]. Additionally, KRAS/NRAS mutations have been shown to be mutually exclusive of dAMMR[25]. In our
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Table 2 Distribution of KRAS, NRAS, PIK3CA, and BRAF mutations in patients with colorectal carcinoma, n (%)

Mutation genes All patients (n = 2271) Mucinous adenocarcinoma (n = 113)
KRAS

Exon 2 653 (28.8) 42 (37.2)
Exon 3 34 (1.5) 3(27)
Exon 4 48 (2.1) 5 (4.4)
Exon 2/3 3(0.1) 0

Exon 2/4 3(0.1) 0
NRAS

Exon 2 33 (1.5) 0

Exon 3 25 (1.1) 0

BRAF

Exon 15 85 (3.7) 14 (12.4)
PIK3CA

Exon 20 88 (3.9) 8(7.1)

Table 3 Comparison of mismatch repair inmunohistochemistry and microsatellite instability testing, n (%)

Test results of MSI MMR IHC normal (n = 2092) MMR IHC abnormal (n = 179)
MsSS 2079 (99.4) 6 (3.4)

MSI-L 5(0.2) 2(1.1)

MSI-H 8 (0.4) 171 (95.5)

MSI: Microsatellite instability; MSI-H: Microsatellite instability-high; MSI-L: Microsatellite instability-low; MSS: Microsatellite-stable; MMR: Mismatch
repair; IHC: Immunohistochemistry.

Subgroup dMMR pMMR P value
Sex (male) [EEERE . EEEREER | 0.835
Age (< 50) beo--d < 0.001
Smoking (No) [ @ | v | 0.720
Drinking (No) [REE REERRE 1 0.026
*Family history™ (No) | O e i 0.007
*Tumor location® (Right) ol < 0.001
*Histological differentiation’ (Poorly) 1e-1 < 0.001
“Vascular invasive' (No) (RS R L EEEFECRETERRERE 1 0.226
“Perineural invasive' (No) [ XX 2| < 0.001
“Cancer nodules® (No) bre @ -1 0.117
Stage (Tis) [ | 0.007
Stage (I) [ T, | 0.035
Stage (II) lo---] < 0.001
Stage (III) (RN LR R I 0.284
(I) O.IS 1 1.I5 2I 2.15 3l
QOdds ratio (95%CI)

Figure 4 Multivariate logistic regression analyses for deficient mismatch repair detection. If the odds ratio is less than 1, then the predictor is
associated with deficient mismatch repair detection. Cl: Confidence interval; OR: Odds ratio; dMMR: Deficient mismatch repair; pMMR: Proficient mismatch repair;
Tis: Carcinoma in situ.
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study, factors associated with a higher incidence of dMMR included age (< 50 years), right-sided CRC, poorly differen-
tiated histology, and early stages (Tis, I, and II), which were similar to the influencing factors reported by Li ef al[26] and
Guo et al[27]. Notably, our study demonstrated a trend of younger patients with CRC, which may have arisen from the
smaller age stratification in our cohort. It has been reported that AIMMR is a good prognostic indicator for stage II CRC
and that patients do not benefit from 5-fluorouracil-based adjuvant chemotherapy[28]. In this study, we collected clinical
information from 15 patients who experienced relapse following surgery at stage II, with 12 patients exhibiting the
proficient MMR (pMMR) status and experiencing a disease-free survival of less than 30 months. Limited data indicate
that patients with pMMR stage II are prone to relapse, necessitating the collection of additional patient data for a more
comprehensive comparative analysis during follow-up.

CONCLUSION

We conducted a comprehensive analysis of the clinicopathological characteristics and factors influencing KRAS, NRAS,
BRAF, PIK3CA, and MMR/MSI in CRC. The results revealed that patients with mucinous adenocarcinoma exhibited
higher mutation rates in KRAS, BRAF, PIK3CA, and dMMR. Further validation is required to confirm the clinicopatho-
logical features and prognostic value of these markers, particularly in relation to different treatment regimens.
Nonetheless, the findings obtained from this large-scale, real-world dataset undoubtedly contribute to a better
understanding of the significance of genetic testing and provide valuable guidance for clinical practice.
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