
World Journal of
Gastrointestinal Surgery

ISSN 1948-9366 (online)

World J Gastrointest Surg  2021 December 27; 13(12): 1523-1769

Published by Baishideng Publishing Group Inc



WJGS https://www.wjgnet.com I December 27, 2021 Volume 13 Issue 12

World Journal of 

Gastrointestinal SurgeryW J G S
Contents Monthly Volume 13 Number 12 December 27, 2021

FRONTIER

Photodynamic therapy: A next alternative treatment strategy for hepatocellular carcinoma?1523

Zhu F, Wang BR, Zhu ZF, Wang SQ, Chai CX, Shang D, Li M

REVIEW

Role of mesenteric component in Crohn’s disease: A friend or foe?1536

Yin Y, Zhu ZX, Li Z, Chen YS, Zhu WM

Neoadjuvant treatment strategies for hepatocellular carcinoma1550

Xu L, Chen L, Zhang W

Mucinous adenocarcinoma: A unique clinicopathological subtype in colorectal cancer1567

Huang A, Yang Y, Shi JY, Li YK, Xu JX, Cheng Y, Gu J

MINIREVIEWS

Endoscopic therapy of weight regain after bariatric surgery1584

Bulajic M, Vadalà di Prampero SF, Boškoski I, Costamagna G

Patient-centered developments in colon- and rectal cancer with a multidisciplinary international team: 
From translational research to national guidelines

1597

Link KH, Kornmann M, Staib L, Kreuser ED, Gaus W, Röttinger E, Suhr P, Maulbecker-Armstrong C, Danenberg P, 
Danenberg K, Schatz M, Sander S, Ji ZL, Li JT, Peng SY, Bittner R, Beger HG, Traub B

Advances in liver transplantation for unresectable colon cancer liver metastasis1615

Cui X, Geng XP, Zhou DC, Yang MH, Hou H

ORIGINAL ARTICLE

Retrospective Study

Pediatric T-tube in adult liver transplantation: Technical refinements of insertion and removal1628

Spoletini G, Bianco G, Franco A, Frongillo F, Nure E, Giovinazzo F, Galiandro F, Tringali A, Perri V, Costamagna G, 
Avolio AW, Agnes S

Preoperative calculation of angles of vision and working area in laparoscopic surgery to treat a giant hiatal 
hernia

1638

Lara FJP, Zubizarreta Jimenez R, Moya Donoso FJ, Hernández Gonzalez JM, Prieto-Puga Arjona T, del Rey Moreno A, 
Pitarch Martinez M

Effect of aluminum phosphate gel on prevention of early rebleeding after ligation of esophageal variceal 
hemorrhage

1651

Zhang ZL, Peng MS, Chen ZM, Long T, Wang LS, Xu ZL



WJGS https://www.wjgnet.com II December 27, 2021 Volume 13 Issue 12

World Journal of Gastrointestinal Surgery
Contents

Monthly Volume 13 Number 12 December 27, 2021

Postoperative complications after robotic resection of colorectal cancer: An analysis based on 5-year 
experience at a large-scale center

1660

Huang ZX, Zhou Z, Shi HR, Li TY, Ye SP

‘Short’ pancreaticojejunostomy might be a valid option for treatment of chronic pancreatitis in many cases1673

Murruste M, Kirsimägi Ü, Kase K, Veršinina T, Talving P, Lepner U

Risk factors for perioperative complications in laparoscopic surgeries of retrorectal cystic lesions1685

Wang PP, Lin C, Zhou JL, Xu KW, Qiu HZ, Wu B

Liver resection vs radiofrequency ablation in single hepatocellular carcinoma of posterosuperior segments 
in elderly patients

1696

Delvecchio A, Inchingolo R, Laforgia R, Ratti F, Gelli M, Anelli MF, Laurent A, Vitali G, Magistri P, Assirati G, Felli E, 
Wakabayashi T, Pessaux P, Piardi T, di Benedetto F, de'Angelis N, Briceño J, Rampoldi A, Adam R, Cherqui D, Aldrighetti 
LA, Memeo R

Observational Study

Expression of adipokine ghrelin and ghrelin receptor in human colorectal adenoma and correlation with 
the grade of dysplasia

1708

Stojsavljevic-Shapeski S, Virovic-Jukic L, Tomas D, Duvnjak M, Tomasic V, Hrabar D, Kralj D, Budimir I, Barsic N, 
Ljubicic N

SYSTEMATIC REVIEWS

Right sided diverticulitis in western countries: A review1721

Epifani AG, Cassini D, Cirocchi R, Accardo C, Di Candido F, Ardu M, Baldazzi G

Platelet rich plasma effectiveness in bowel anastomoses: A systematic review1736

Geropoulos G, Psarras K, Giannis D, Martzivanou EC, Papaioannou M, Kakos CD, Pavlidis ET, Symeonidis N, Koliakos 
G, Pavlidis TE

Current and future role of three-dimensional modelling technology in rectal cancer surgery: A systematic 
review

1754

Przedlacka A, Pellino G, Fletcher J, Bello F, Tekkis PP, Kontovounisios C



WJGS https://www.wjgnet.com III December 27, 2021 Volume 13 Issue 12

World Journal of Gastrointestinal Surgery
Contents

Monthly Volume 13 Number 12 December 27, 2021

ABOUT COVER

Editorial Board Member of World Journal of Gastrointestinal Surgery, Marcello Donati, FACS, MD, PhD, Professor, 
Department of Surgery and Medical-Surgical specialties, University of Catania, Catania 95125, Italy. 
mdonati@unict.it

AIMS AND SCOPE

The primary aim of World Journal of Gastrointestinal Surgery (WJGS, World J Gastrointest Surg) is to provide scholars 
and readers from various fields of gastrointestinal surgery with a platform to publish high-quality basic and 
clinical research articles and communicate their research findings online. 
    WJGS mainly publishes articles reporting research results and findings obtained in the field of gastrointestinal 
surgery and covering a wide range of topics including biliary tract surgical procedures, biliopancreatic diversion, 
colectomy, esophagectomy, esophagostomy, pancreas transplantation, and pancreatectomy, etc.

INDEXING/ABSTRACTING

The WJGS is now abstracted and indexed in Science Citation Index Expanded (SCIE, also known as SciSearch®), 
Current Contents/Clinical Medicine, Journal Citation Reports/Science Edition, PubMed, and PubMed Central. The 
2021 edition of Journal Citation Reports® cites the 2020 impact factor (IF) for WJGS as 2.582; IF without journal self 
cites: 2.564; 5-year IF: 3.378; Journal Citation Indicator: 0.53; Ranking: 97 among 212 journals in surgery; Quartile 
category: Q2; Ranking: 73 among 92 journals in gastroenterology and hepatology; and Quartile category: Q4.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Rui-Rui Wu; Production Department Director: Xiang Li; Editorial Office Director: Ya-Juan Ma.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

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

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 1948-9366 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

November 30, 2009 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Shu-You Peng, Varut Lohsiriwat https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/1948-9366/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

December 27, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

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

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/1948-9366/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


WJGS https://www.wjgnet.com 1567 December 27, 2021 Volume 13 Issue 12

World Journal of 

Gastrointestinal SurgeryW J G S
Submit a Manuscript: https://www.f6publishing.com World J Gastrointest Surg 2021 December 27; 13(12): 1567-1583

DOI: 10.4240/wjgs.v13.i12.1567 ISSN 1948-9366 (online)

REVIEW

Mucinous adenocarcinoma: A unique clinicopathological subtype in 
colorectal cancer

An Huang, Yong Yang, Jing-Yi Shi, Yu-Kun Li, Jing-Xuan Xu, Yu Cheng, Jin Gu

ORCID number: An Huang 0000-
0002-5483-7290; Yong Yang 0000-
0002-4225-547X; Jing-Yi Shi 0000-
0002-9972-7263; Yu-Kun Li 0000-
0002-8120-8764; Jing-Xuan Xu 0000-
0002-8535-3555; Yu Cheng 0000-
0002-8195-2489; Jin Gu 0000-0001-
6277-9062.

Author contributions: Gu J 
contributed to conceptualization; 
Huang A, Li YK and Xu JX 
contributed to literature search and 
data analysis; Huang A wrote 
original draft preparation; Yang Y, 
Shi JY, Cheng Y reviewed and 
edited manuscript; Gu J supervised 
manuscript.

Conflict-of-interest statement: 
Authors declare no conflict of 
interests for this article.

Supported by the Beijing Municipal 
Science & Technology 
Commission, Clinical Application 
and Development of Capital 
Characteristic, No. 
Z171100001017087.

Country/Territory of origin: China

Specialty type: Gastroenterology 
and hepatology

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

Peer-review report’s scientific 
quality classification

An Huang, Yong Yang, Jing-Yi Shi, Yu-Kun Li, Jing-Xuan Xu, Yu Cheng, Jin Gu, Key Laboratory 
of Carcinogenesis and Translational Research (Ministry of Education/Beijing), Department of 
Gastrointestinal Surgery III, Peking University Cancer Hospital & Institute, Beijing 100142, 
China

Jin Gu, Peking-Tsinghua Center for Life Science, Peking University International Cancer 
Center, Beijing 100142, China

Jin Gu, Department of Gastrointestinal Surgery, Peking University Shougang Hospital, Beijing 
100144, China

Corresponding author: Jin Gu, FACS, FASCRS, MD, Professor, Key Laboratory of Car-
cinogenesis and Translational Research (Ministry of Education/Beijing), Department of 
Gastrointestinal Surgery III, Peking University Cancer Hospital & Institute, No. 52 Fucheng 
Rd, Haidian District, Beijing 100142, China. zlguj@bjmu.edu.cn

Abstract
Mucinous adenocarcinoma (MAC) is a unique clinicopathological subtype of 
colorectal cancer, which is characterized by extracellular mucinous components 
that comprise at least 50% of the tumor tissue. The clinical characteristics, 
molecular features, response to chemo-/radiotherapy, and prognosis of MAC are 
different from that of non-MAC (NMAC). MAC is more common in the proximal 
colon, with larger volume, higher T-stage, a higher proportion of positive lymph 
nodes, poorer tumor differentiation, and a higher proportion of peritoneal 
implants compared to NMAC. Although biopsy is the main diagnostic method for 
MAC, magnetic resonance imaging is superior in accuracy, especially for rectal 
carcinoma. The aberrant expression of mucins, including MUC1, MUC2 and 
MUC5AC, is a notable feature of MAC, which may be related to tumor invasion, 
metastasis, inhibition of apoptosis, and chemo-/radiotherapy resistance. The 
genetic origin of MAC is mainly related to BRAF mutation, microsatellite 
instability, and the CpG island methylator phenotype pathway. In addition, the 
poor prognosis of rectal MAC has been confirmed by various studies, and that of 
colonic MAC is still controversial. In this review, we summarize the epi-
demiology, clinicopathological characteristics, molecular features, methods of 
diagnosis, and treatments of MAC in order to provide references for further 
fundamental and clinical research.
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Core tip: Colorectal mucinous adenocarcinoma (MAC) is a unique clinicopathological 
subtype in colorectal cancer. MAC exhibits a higher frequency of microsatellite 
instability, higher CpG island methylator phenotype of high degree, higher frequency 
of BRAF and KRAS gene mutations, and lower frequency of TP53 mutations. One of 
the most important features of MAC is the aberrant expression of a large number of 
mucins, including MUC1, MUC2 and MUC5AC. We discuss the epidemiology, 
clinicopathological characteristics, molecular features, methods of diagnosis, and 
treatments of MAC in order to provide references for further fundamental and clinical 
research.

Citation: Huang A, Yang Y, Shi JY, Li YK, Xu JX, Cheng Y, Gu J. Mucinous adenocarcinoma: 
A unique clinicopathological subtype in colorectal cancer. World J Gastrointest Surg 2021; 
13(12): 1567-1583
URL: https://www.wjgnet.com/1948-9366/full/v13/i12/1567.htm
DOI: https://dx.doi.org/10.4240/wjgs.v13.i12.1567

INTRODUCTION
Colorectal cancer (CRC) has caused a great burden on global health. The World Health 
Organization (WHO) estimated > 1.9 million new CRC cases and 935 000 CRC-related 
deaths occurred in 2020, with 10% (third) and 9.4% (second) incidence and mortality 
rates, respectively, among all cancer types[1]. According to the WHO classification of 
tumors of the digestive system, the histological subtypes of CRC include adenocar-
cinoma, adenosquamous carcinoma, spindle cell carcinoma, squamous cell carcinoma, 
and undifferentiated carcinoma (Figure 1). Adenocarcinoma originating from 
epithelial cells of the colorectal mucosa accounts for more than 90% of CRC cases. 
Mucinous adenocarcinoma (MAC) is a unique subtype of adenocarcinoma charac-
terized by more than 50% of the tumor tissue being extracellular mucinous com-
ponents. Malignant epithelial cells float in the mucus, forming alveolar, row-like, or 
single-scattered cells. Tumors with a significant mucinous component (10-50%) are 
usually referred to as adenocarcinoma with mucinous features or mucinous differen-
tiation[2,3]. Although the highly malignant biological behavior of MAC is well known, 
its related mechanisms have not been extensively studied.

Compared to non-MAC (NMAC), the clinicopathological characteristics, molecular 
features, response to chemo-/radiotherapy, and prognosis of MAC are evidently 
different. MAC are divided into two types based on the degree of histological 
structural differences: One type is the low-grade MAC, which originates from well-
differentiated to moderately differentiated adenocarcinoma and papillary carcinoma, 
whereas the other type is the high-grade MAC, originated from poorly differentiated 
adenocarcinoma and signet ring cell carcinoma (SRCC)[4]. Currently, the prognosis of 
MAC remains controversial. Previous studies have suggested that colorectal MAC is 
associated with poor prognosis[5-8], while other studies reported no significant 
difference in prognosis between MAC and NMAC[9,10]. However, the poor prognosis 
of rectal MAC has been confirmed in most studies[11-13]. The clinicopathological 
characteristics of MAC suggest that it is a unique subtype of CRC.

EPIDEMIOLOGICAL AND CLINICOPATHOLOGICAL CHARACTERISTICS 
OF COLORECTAL MAC
Various studies have demonstrated regional differences in the occurrence of MAC in 
CRC. The occurrence of MAC in CRC was 6.9%[14], 8.9%[15], 8.17%[16] in China, 
3.82%[17], 2.8%[18] in Japan, 11.6%[19], 10%[5] and 11%[20] in the USA, which ranged 
from 3.9% in Asia to 10%-13.6% in Europe and North America[21]. A large national 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
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Figure 1 World Health Organization histological classification of colorectal carcinoma. AC: Adenocarcinoma; MAC: Mucinous adenocarcinoma; 
SRCC: Signet ring cell carcinoma.

cancer database study in the USA demonstrated that the distribution of histological 
subtypes of CRC among Caucasians, African Americans, and other races were similar
[22]. However, another study reported that the occurrence of MAC in Chinese 
Americans with CRC (7.5%) was lower than that in Caucasians (9.3%) and African 
Americans (9.4%)[23]. This might be due to genetic differences between races as well 
as other factors (such as lifestyle and dietary habits). Studies on American[6] and 
German patients[24] found that MAC occurred in a higher proportion of women 
(MAC vs NMAC, 52.1% vs 48.6%, 47% vs 41%, respectively). In addition, a German 
study observed no difference in the age of patients with MAC and NMAC, whereas an 
American study observed that the proportion of MAC in patients aged > 65 years was 
higher. However, studies on Chinese patients reported no statistical difference in 
gender between patients with MAC and NMAC, and that MAC was more common in 
patients aged < 50 years[25].

Compared with that in NMAC, in MAC, the proportion of tumors occurring in the 
right hemicolon was higher (MAC vs NMAC, 35.0% vs 18.9% in China[25], 65.3% vs 
46.2% in the USA[6], 51.0% vs 28.0% in Germany[24]), while the proportion of tumors 
in the rectum was lower (MAC vs NMAC, 41.0% vs 50.7% in China, 9.9% vs 17.7% in 
the USA, 27.0% vs 40.0% in Germany) in MAC. MAC was diagnosed with larger 
tumors, higher T stage, higher proportion of lymph node infiltration and peritoneal 
implantation, and poorer tumor differentiation compared to NMAC (Table 1)[6,24-27].

MOLECULAR CHARACTERISTICS OF COLORECTAL MAC
MAC exhibited a higher frequency of microsatellite instability (MSI) and BRAF and 
KRAS gene mutations, higher CpG island methylator phenotype of high degree 
(CIMP-H), and lower frequency of TP53 mutations[28]. Gene expression analysis 
illustrated that compared to NMAC, 317 genes were differentially regulated in MAC, 
of which 182 were upregulated and 135 were downregulated. These altered genes 
were primarily involved in O-glycan biosynthesis, keratin sulfate metabolism, lacto-
series glycosphingolipid metabolism, histidine-glutamate-glutamine and proline 
metabolism, p38-MAPK pathway, coenzyme A biosynthesis, and 14-3-3 protein in cell 
cycle regulation[26]. Among them, O-glycan biosynthesis is associated with mucins 
synthesis. One of the most important features of MAC, the aberrant expression of 
several mucins, is associated with O-polysaccharide biosynthesis, including MUC1, 
MUC2, and MUC5AC[29].

Expression of mucins in MAC
Mucins are a class of high-molecular-weight epithelial glycoproteins with a high 
content of clustered oligosaccharides O-glycosidically linked to tandem repeat 
peptides rich in threonine, serine and proline[29]. They are differentially expressed by 
specialized epithelial cells on the mucosal surface in a specific way for organs and cells
[30]. Mucins are classified as membrane-associated and secreted mucins. Secreted 
mucins are either gel-forming or non-gel-forming subtypes[31]. Under normal circum-
stances, mucins form a mucus barrier that protects the epithelial cells. In the process of 
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Table 1 Clinicopathological characteristics of patients with mucinous adenocarcinoma or non-mucinous adenocarcinoma in China, 
USA and Germany[6,24,25]

China USA Germany

MAC (%) NMAC (%) P MAC (%) NMAC (%) P MAC (%) NMAC (%) P

Age(yr) 21.4% (< 50) 11.3% (< 50) 0.005 62.6% (> 65) 56.3% (> 65) < 0.001 67 (25-88) 65 (15-96) 0.037

Gender 0.603 < 0.001 0.034

Male 58.1 55.4 47.9 51.4 52.8 58.5

Female 41.9 44.6 52.1 48.6 47.2 41.5

Tumor location < 0.001 < 0.001 < 0.001

Right hemicolon 35.0 18.9 65.3 46.2 51.5 27.5

Left hemicolon 23.9 30.4 24.8 36.2 18.9 29.8

Rectum 41.0 50.7 9.9 17.6 27.5 40.1

Tumor size (cm) < 0.001 < 0.001 -

≤ 5 34.2 54.2 48.93 68.34 - -

> 5 65.8 45.8 51.07 31.66 - -

Primary tumor (T) 0.001 < 0.001 < 0.001

T1, T2 28.2 44.5 13.8 26.5 13.3 30.5

T3, T4 71.8 55.4 86.2 73.5 86.7 69.5

Regional lymph nodes 
(N)

< 0.001 < 0.001 0.018

N0 35.9 55.0 52.5 57.0 49.1 55.6

N1, N2 64.0 45.0 47.5 43.0 50.9 44.4

Distant metastasis (M) 0.001 0.004 < 0.001

M0 56.4 72.4 84.7 85.8 75.5 78.5

M1 43.6 27.6 15.3 14.2 24.5 21.5

Stage 0.001 < 0.001 < 0.001

Ⅰ, Ⅱ 28.2 44.5 21.5 31.2 44.8 52.0

Ⅲ, Ⅳ 71.8 55.5 78.5 68.8 55.2 48.0

Histological grading < 0.001 < 0.001 < 0.001

G1, G2 82.9 89.8 76.4 80.1 55.2 69.6

G3, G4 17.1 10.1 23.6 19.9 44.8 30.4

P value of the χ2 test was used to compare the NMAC and MAC groups. MAC: mucinous adenocarcinoma; NMAC: nonmucinous adenocarcinoma.

tumorigenesis, aberrant expression of specific mucins may be related to tumor 
invasion, metastasis, apoptosis inhibition, and chemoradiotherapy resistance[32]. 
MUC1, MUC2 and MUC5AC are aberrantly expressed in colorectal MAC. MUC1 is a 
membrane-associated mucin, while MUC2 and MUC5AC are secreted gel-forming 
mucins[31].

MUC1 is expressed in almost all glandular epithelial cell membranes, making 
MUC1 overexpression one of the most common changes in cancers. During pathogen 
infection, upregulation of MUC1 expression in the mucosal barrier suppresses 
pathogen-mediated inflammation[33]. However, MUC1 expression is induced by 
inflammatory cytokines [tumor necrosis factor-α, interferon-γ, and interleukin (IL)-6], 
and abnormal activation of MUC1 may lead to chronic inflammation and cancers in 
the absence of IL-10 and corresponding anti-inflammatory responses[34]. MUC1 C-
terminal transmembrane subunit (MUC1-C) can activate both the inhibitor of nuclear 
factor-κB (NF-κB) kinase-β (IKKβ) and the NF-κB family member RELA, while the 
activation of the IKKβ-NF-κB pathway is a likely mediator of inflammation-induced 
cancer progression[35,36]. Meanwhile, MUC1 can inhibit tumor cell apoptosis via the 
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abnormal activation of NF-κB and Wnt/β-catenin signaling pathways, inhibition of the 
JNK1 signaling pathway, and formation of a physical barrier to prevent chemothera-
peutic drugs from reaching tumor cells[32]. The resistance of MAC to chemoradio-
therapy may be reversed by reducing the production of mucins or inhibiting their 
functions. Studies have been targeting MUC1 as a cancer vaccine for CRC, which 
reduces tumor burden and induces tumor regression in mouse models[37,38]. 
However, their application to patients with MAC requires further research.

MUC2 primarily exists in goblet cells of the colorectum, especially in the proximal 
colon, and is an important component of normal intestinal mucus, which acts as a 
physical barrier thereby limiting the damage to the epithelium by pathogens and 
weaken the activation of natural and acquired immune responses[39]. Feagins et al 
observed that the degree of ulcerative colitis was associated with reduction in MUC2 
levels, while chronic inflammation associated with inflammatory bowel disease 
increased the risk of colon cancer[40]. MUC2 is strongly expressed in normal colon 
tissues (mean composite score ± standard error, 12 ± 0), and decreases sequentially in 
inflammation, hyperplastic polyps, and adenomas (11.4 ± 0.4, 9.7 ± 1.1, 7.4 ± 0.6, 
respectively), while in adenocarcinoma, the expression of MUC2 is significantly 
decreased (3.8 ± 0.9)[41]. Low levels of MUC2 are associated with poor overall survival 
(OS) [hazard ratio (HR) = 1.67, 95% confidence interval (CI): 1.43-1.94, P < 0.00001]
[42], which suggests that MUC2 can act as a tumor suppressor. However, compared to 
NMAC, MAC with no better prognosis overexpresses MUC2, which is inconsistent 
with the observation that MUC2 acts as a tumor suppressor. Gratchev et al[43] found 
that the strong expression of MUC2 in normal human goblet cells and human 
colorectal MAC tissues was related to ~50% of the average degree of methylation at 
the CpG site of each MUC2 promoter. MUC2 promoters in normal columnar cells and 
NMAC tissues that do not express MUC2 are methylated to nearly 100%. In this 
regard, MUC2 expression in carcinomas might reflect the origin of these tumors from 
cells that normally express MUC2, rather than a role for this mucin in the malignant 
process itself[34].

Another component of the mucus secreted by colorectal MAC is MUC5AC, which is 
usually secreted by tracheobronchial goblet cells, gastric epithelial cells, conjunctiva, 
and lacrimal gland cells, but is not expressed in the normal colonic mucosa[31,44]. 
Studies have shown that during adenoma-adenocarcinoma progression, the 
expression of MUC5AC is upregulated[41], which may be associated with tran-
scription factors such as Smad-4, SP-1[45], GATA-6 and HNF-4α[46], sex determining 
region Y-box 2[47], and trefoil factor 3[48]. Although MUC5AC expression is 
upregulated in MAC, the expression of MUC5AC in low-grade MAC is significantly 
higher than that of high-grade MAC[4]. At the same time, the lack of MUC5AC 
expression is an indication of more aggressive colorectal tumors, as patients with 
negative MUC5AC expression have a poorer prognosis than those with positive 
expression[49]. However, it has been shown that MUC5AC promotes tumorigenicity 
through the transmembrane protein CD44, enhances the proliferation, invasion, and 
migration of CRC, and plays a positive role in maintaining specific subsets of cancer 
stem cell populations[50]. Therefore, the expression of MUC5AC and its mechanism in 
colorectal MAC need to be further studied.

Genetic origins
There are two main pathways for the occurrence of CRC (Figure 2)[51,52]: The conven-
tional adenoma-carcinoma pathway, which accounts for 70%-80% of CRC cases. 
Usually mutations in APC, KRAS and TP53, account for 60%, 45% and 54% of cases, 
respectively. The other is the serrated pathway, which accounts for 20%-30% of CRC 
cases and usually has a high frequency of BRAF mutations (70%-100%), CIMP-H, and 
high MSI (MSI-H)[53-55]. A meta-analysis of 46 studies involving 17 746 patients 
demonstrated that MAC had higher KRAS [odds ratio (OR) = 1.46, 95%CI: 1.08-2.0, P = 
0.014], BRAF (OR = 3.49, 95%CI: 2.50-4.87, P < 0.001), higher MSI (OR = 3.98, 95%CI: 
3.30-4.79, P < 0.001), and CIMP-H (OR = 3.56, 95%CI: 2.85-4.43, P < 0.001), and lower 
p53 expression (OR = 0.46, 95%CI: 0.31-0.67; P < 0.001) compared to NMAC, which 
suggests that the genetic origin of MAC is primarily associated with the serrated 
pathway[56]. Some researchers have proposed that MAC can be divided into two 
subtypes. The first type, characterized by MSI, is mostly confined to the proximal 
colon, usually presents with loss of expression of hMLH1 and p27, and has a good 
prognosis. The second subtype, characterized by microsatellite stability, is more 
common in the distal colon and rectum, with normal expression of hMLH1 and p27, 
and a poor prognosis[57].
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Figure 2 Main pathways for the occurrence of colorectal cancer and the genetic and epigenetic features involved in the development of 
colorectal cancer. CRC: Colorectal cancer; MMR: Mismatch repair; MVHP: Microvesicular hyperplasic polyp; SSL: Sessile serrated lesion; SSL-D: Sessile 
serrated lesion with dysplasia; MSI: Microsatellite instability; MSS: Microsatellite stability; GCHP: Goblet cell-rich hyperplastic polyp; TSA: Traditional serrated 
adenoma; TSA-HGD: Traditional serrated adenoma with high-grade dysplasia.

MSI is present in 15% of CRC cases[58], of which 3%[59] are present in Lynch 
syndrome, and 12% are sporadic cancers[60]. Currently, four pathogenic genes 
associated with Lynch syndrome have been characterized namely MSH2 plus EpCAM, 
MLH1, MSH6 and PMS2. Germline mutations in MLH1 and MSH2 account for most 
cases (60%-80%), with a limited number of Lynch syndrome cases with germline 
mutations in MSH6 and PMS2, and particularly rare germline EPCAM mutations that 
epigenetically inactivate MSH2[61]. Sporadic MSI CRC is primarily caused by acquired 
methylation in the promoter region of the MLH1 gene[60]. The association of BRAF 
mutations (usually V600E mutations) with MSI and CIMP-H has been well established
[62]. BRAF mutations are extremely rare in Lynch syndrome[63], suggesting that MSI 
in MAC is primarily sporadic.

DIAGNOSIS
Currently, the diagnosis of MAC is primarily based on computed tomography (CT), 
magnetic resonance imaging (MRI), colorectal endoscopy, or postoperative 
pathological biopsy. Compared to NMAC and SRCC, CT of MAC shows more hetero-
geneous enhancement (MAC vs NMAC vs SRCC, 95.8% vs 54.1% vs 32.8%), larger 
attenuation area (greater than two thirds of the tumor tissue, 54.2% vs 5.9% vs 3.0%), 
and more calcification (17.9% vs 6.8% vs 3.0%)[64].

MRI can distinguish MAC from NMAC, which facilitates early diagnosis of MAC 
rather than relying on postoperative histopathological diagnosis. Since NMAC shows 
moderate signal intensity on T2-weighted imaging (T2WI), mucus displays low signal 
intensity on T1-weighted imaging, whereas T2WI shows high signal intensity (similar 
to or higher than that of the rectum fat signals) (Figure 3)[65]. MRI has an accuracy of 
96%-97%, a sensitivity of 94%-100%, and a specificity of 95%-98% in diagnosing 
histological types of mucus[66]. Stanley et al believed that MRI was superior to 
preoperative biopsy for MAC diagnosis[67]. Before treatment, MRI diagnosed 60/330 
(18%) mucinous rectal cancer cases, and initial biopsy diagnosed 15 (5%) (diagnostic 
OR = 4.67, P < 0.05) cases. The 60 patients who underwent surgery were ultimately 
confirmed to have mucinous tumors using histopathological analysis. MRI has great 
advantages not only in the diagnosis of MAC, but also in predicting the response of 
MAC to neoadjuvant therapy. Cao et al[68] used preoperative T2WI to clarify the 
mucus pool (high signal) and tumor solid components (medium signal), and classified 
MAC into two types: mixed type, where the mucus was rich in solid tumor 
components, and separated type, where the secretory mucus component was located 
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Figure 3 Magnetic resonance imaging of rectal adenocarcinoma and mucinous adenocarcinoma. A-D: Rectal adenocarcinoma; E-H: Rectal 
mucinous adenocarcinoma. A: Axial non-lipid-suppressing T2-weighted imaging (T2WI) showing irregular circumferential thickening of the rectal wall, with slightly 
higher T2WI signal, lower than that of fat; B: Diffusion-weighted imaging (DWI) showing that the lesion was high signal; C: Low signal on plain T1-weighted imaging 
(T1WI); D: Axial enhanced T1WI showing moderate to high enhancement of the tumor; E: Axial non-lipid-suppressive T2WI showing that the rectal wall was thickened 
approximately three quarters of the circumference, and the left side wall was mainly with high signal on T2WI, which was close to the fat T2 high signal, with a low 
signal interlaced distribution; F: DWI showing that the lesion was mainly high signal; G: Low signal on plain T1WI; H: Axial enhanced T1WI showing enhanced tumor 
margins and low internal enhancement.

outside the solid tumor, to predict the response of locally advanced rectal MAC to 
neoadjuvant therapy, since patients with mixed-type mucin pool showed a lower 
tumor response rate than those with separate type mucin pool following neoadjuvant 
chemotherapy (4.9% vs 25.5%, P = 0.002). However, using MRI to diagnose MAC can 
also produce false-positive results, possibly attributed to edema, congestion, abscess, 
or necrosis. False positives are especially important after treatment, as submucosal 
edema appears in the normal rectal wall after radiotherapy and chemotherapy[69]. 
More importantly, a few patients with CRC may form acellular mucin pools following 
adjuvant treatment, which is a manifestation of tumor response to treatment and is 
usually associated with a better prognosis[70,71]. However, due to the T2WI high 
signal on MRI, it is difficult to distinguish between persistent cell mucins (residual 
MAC tissue lacking response) and acellular mucin pools (therapeutic effect). There is 
currently no imaging technique to distinguish between the two[72], hence the 
comparison of MRI before and after treatment is particularly important.

Positron emission tomography (PET)/CT is an effective auxiliary test for patients 
with complicated conditions and cannot be clearly diagnosed by routine examination 
to determine the presence of distant metastases[73]. Although some studies have 
found no significant difference in the uptake of 18-fluorodeoxyglucose (FDG) between 
rectal MAC and NMAC in PET[74,75], it is not uncommon that MAC shows low 
uptake of 18-FDG on PET/CT and PET/MRI, and that the 18-FDG affinity of the 
tumor on a PET scan is inversely proportional to the total amount of mucins, which 
may lead to false-negative results[76].

Extracellular mucinous components > 50% are usually estimated by pathologists, 
while mucinous components vary in different pathological sections of the same tumor. 
In addition, Li et al[77] observed no significant difference in the distribution of 
mutations among the three adenocarcinoma subgroups with mucin characteristics (< 
30%, 30%-50%, and > 50% mucinous components in tumor tissue)[77]. Furthermore, 
the more extracellular mucinous components of MAC tissue (50%-79%, 80%-89% and ≥ 
90%), the worse the patient’s OS and recurrence-free survival[78]. These findings 
suggest that more objective and standardized histopathological analysis and molecular 
data are warranted to update the classification of MAC and adenocarcinoma with 
mucinous components.
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TREATMENT
The existing guidelines for the diagnosis and treatments of CRC are primarily based 
on TNM staging, biomarkers including BRAF, RAS, HER2 and microsatellite status
[73], and do not make recommendations based on the characteristics of MAC. 
Differences in histopathology and molecular characteristics between MAC and NMAC 
influence their treatment and prognosis, therefore, establishing standards for the 
diagnosis and treatments of MAC is essential.

Surgery, radiotherapy, and chemotherapy
Studies on patients with stage II or III colon cancer receiving adjuvant chemotherapy 
after radical resection have reported no significant difference in OS (HR = 1.05, 95%CI: 
1.02-1.08, P < 0.001) between patients with stage II NMAC and MAC[79,80], whereas 
in patients with stage III colon cancer, compared to NMAC, the OS (HR = 1.05, 95%CI: 
1.02-1.08, P < 0.001)[79], cancer-specific survival (CSS) (5-year CSS rate: MAC vs 
NMAC, 72.7% vs 67.9%, P < 0.0001)[81] and disease-free survival (HR = 1.82, 95%CI: 
1.03-3.23, P = 0.04)[82] of MAC were significantly decreased. Studies on patients with 
stage IV CRC receiving palliative chemotherapy illustrated that despite the different 
chemotherapy regimens used in these trials [5-fluorouracil (5-FU) with oxaliplatin 
and/or CPT-11[83], FOLFOX-4 regimen[84], CAP + oxaliplatin + bevacizumab with or 
without cetuximab[85], 5-FU-based first-line chemotherapy[12]], the median OS of 
patients with MAC was shorter than that of patients with NMAC (MAC vs NMAC, 
14.0 mo vs 23.4 mo, 8.0 mo vs 18.0 mo, 13.1 mo vs 21.5 mo, 11.8 mo vs 17.9 mo, 
respectively). However, although patients with stage III and IV MAC have poor 
responses to adjuvant or palliative chemotherapy, current evidence shows that 
adjuvant chemotherapy can effectively improve the survival rate of patients with stage 
II and III MAC[79,81].

A meta-analysis that included eight comparative series on the association between 
mucinous histology and response to neoadjuvant chemoradiotherapy in rectal cancer 
reported that MAC had a reduced rate of pathological complete response (pCR) (OR = 
0.078, 95%CI: 0.015-0.397, P = 0.002) and tumor downstaging (OR = 0.318, 95%CI: 
0.185-0.547, P < 0.001) following neoadjuvant chemoradiotherapy with an increased 
rate of positive resection margins (OR = 5.018, 95%CI: 3.224-7.810, P < 0.001) and poor 
OS (OR = 1.526, 95%CI: 1.060-2.198, P = 0.023) following resection, which suggests 
mucinous histology of rectal MAC as a biomarker for poor prognosis after 
neoadjuvant chemoradiotherapy[86,87]. Approximately 30% of patients with rectal 
cancer who received neoadjuvant therapy can have a clinical complete response. At 
this time, a watch-and-wait strategy can be adopted to provide patients with the 
opportunity to preserve the rectum and avoid surgery[88]. Tan et al[87] discovered 
that patients with NMAC (21%) were more likely to achieve pCR (P < 0.001) than those 
diagnosed with MAC (14%); in patients who achieved pCR, those with MAC had a 
poorer survival, with a 3-year OS rate of 67.5%, while the 3-year OS of patients with 
NMAC was 93.8% (P < 0.001)[87]. Therefore, the watch-and-wait strategy should be 
used more cautiously in patients with MAC. For patients with rectal MAC, 
preoperative treatment (short-term preoperative radiotherapy and preoperative 
chemoradiotherapy) plus total mesorectal resection (TME)[89] or adjuvant 
chemotherapy after TME[90] can be used to narrow the survival gap between rectal 
MAC and NMAC.

Hyperthermic intraperitoneal chemotherapy
The peritoneum is associated with treatment failure in patients with CRC. However, 
due to lack of clinical follow-up and available imaging technology, the diagnosis 
cannot be made in the early stages, resulting in an inaccurate assessment of the 
incidence of peritoneal metastasis. Sugarbaker[91] recommended a combination of 
cytoreductive surgery (CRS) to remove all visible peritoneal metastases and 
hyperthermic intraperitoneal chemotherapy (HIPEC) to remove minimal residual 
disease. Since the peritoneal metastatic rate of patients with colorectal MAC is higher 
than that of patients with NMAC[14], CRS combined with HIPEC is particularly 
important. Multiple studies have shown that the survival benefit of CRS and HIPEC in 
patients with peritoneal metastasis caused by CRC is better than that of systemic 
chemotherapy alone[92,93]. However, the results of a recent multicenter, randomized 
clinical trial showed that adding HIPEC to CRS did not benefit patients with 
peritoneal metastatic CRC (HR = 1.00, 95%CI: 0.63-1.58, P = 0.99), which resulted in 
more frequent postoperative late complications (CRS plus HIPEC group vs CRS group, 
42% vs 32%, P = 0.083)[94]. Therefore, CRS alone should be the cornerstone of 
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therapeutic strategies with curative intent for colorectal peritoneal metastases. CRS 
plus HIPEC should be selected after a careful and individualized assessment including 
Eastern Cooperative Oncology Group performance status scores, peritoneal cancer 
index, and previous chemotherapy lines. Klempner and Ryan[95] suggested that 
future studies of peritoneal cancer should be attentive to the rich translational 
opportunities that CRS can supply for multiple avenues of investigation.

Targeted therapy
Traditional chemotherapy usually targets rapidly proliferating cancer cells by 
interfering with cell division. However, it also nonspecifically targets healthy cells that 
divide rapidly, such as bone marrow and hair cells, resulting in recognized che-
motherapy side effects[96]. Therefore, the main goal of targeted therapy is to ensure 
that the drugs specifically act on tumor cells, while not affecting normal tissue cells. 
Currently, targeted drugs for CRC are primarily used in patients with advanced or 
metastatic CRC, including anti-epidermal growth factor receptor (EGFR) monoclonal 
antibody (cetuximab) and anti-vascular endothelial growth factor (VEGF) monoclonal 
antibody (bevacizumab). As previously mentioned, colorectal MAC has a higher 
frequency of KRAS and BRAF mutations, with the tumors being located more in the 
right hemicolon. De Roock et al[97] found that the median OS (32 wk vs 50 wk, HR = 
1.75, 95%CI: 1.47-2.09, P < 0.0001) and median progression-free survival (PFS) (12 wk 
vs 24 wk, HR = 1.98, 95%CI: 1.66-2.36, P < 0.0001) of patients with KRAS mutations 
treated with cetuximab were lower than those of wild-type KRAS patients. In wild-
type KRAS patients, the response rate of BRAF mutation carriers was significantly 
lower than that of BRAF wild-type-containing patients (8.3% vs 38.0%, OR = 0.15, 
95%CI: 0.02-0.51, P = 0.0012). Studies have also reported that patients with metastatic 
CRC harboring a mutation in KRAS or NRAS do not respond to anti-EGFR therapy. 
Therefore, activating RAS mutations were regarded as negative predictive biomarkers 
for anti-EGFR therapy[98-100]. Research on bevacizumab has shown that FOLFOXIRI 
plus bevacizumab is a viable treatment option regardless of the mutation status of RAS 
or BRAF[101]. In addition, in patients with wild-type RAS and BRAF, the effect of 
bevacizumab combined with chemotherapy in right hemicolon cancer was better than 
that of cetuximab combined with chemotherapy[73]. Therefore, in addition to patients 
with wild-type RAS and BRAF and whose tumors are located in the left hemicolon or 
rectum considering anti-EGFR monoclonal antibody plus chemotherapy as the first-
line treatment, anti-VEGF monoclonal antibody plus chemotherapy might be a better 
treatment option for patients with advanced MAC.

Drugs targeting mucins, one of the prominent features of MAC, are potential 
treatment strategies currently being investigated. Ahmad et al[37] found that the 
MUC1-C inhibitor, GO-203, could inhibit the growth of colon cancer cells in vitro and 
in nude mice, primarily by downregulating the expression of the TP53-inducible 
glycolysis and apoptosis regulator protein. In addition, since mucins are a class of O-
glycosylated glycoproteins, the aberrant expression of O-glycan synthesis enzyme core 
2 1,6 N-acetylglucosaminyltransferase (GCNT3/C2GnT-2) can lead to overexpression 
of mucins[102]. Therefore, targeting GCNT3 can inhibit mucin synthesis in MAC. At 
present, small-molecule GCNT3 inhibitors are under development[103].

Immunotherapy
The interaction of programmed cell death (PD)-1 on T cells and its interaction with its 
ligand, PD-L1, expressed on tumor cells and immune cells, including B cells, dendritic 
cells, and macrophages, plays an important role in immune checkpoint suppression
[104]. The binding of PD-L1 on tumor cells to PD-1 on the surface of T cells inhibits T-
cell-mediated antitumor immunity[105]. Immune checkpoint inhibitors have 
significantly improved the long-term outcomes of a few malignant tumors, such as 
melanoma, lung cancer, and renal cell carcinoma[106-108]. In MAC, the expression of 
PD-L1 in tumor cells and tumor-infiltrating immune cells is increased[109], which may 
be related to the high proportion of MSI-H in MAC. Studies have shown that 
compared to tumors with proficient mismatch repair (pMMR), tumors with deficient 
MMR (dMMR) highly express immune checkpoint proteins, including PD-1, PD-L1, 
and cytotoxic T-lymphocyte-associated protein (CTLA)-4[110]. MSI CRC has a higher 
tumor-infiltrating lymphocyte density and prominent Crohn’s-like lymphoid reaction 
than MSS CRC[111,112]. It has been previously believed that the increased levels of 
neoantigens produced by frameshift mutations also increase T cell infiltration in MSI 
CRC. Recent findings have supported this hypothesis, linking the number of 
frameshift mutations directly to the density of tumor-infiltrating lymphocytes[113]. 
Based on these observations, several clinical trials are studying the application of PD-1 
immunotherapy in MSI CRC. Le et al[110] found that the efficacy of pembrolizumab in 
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dMMR CRC was far better than that of pMMR CRC in terms of immune-related 
objective remission rate (40% vs 0%) and immune-related PFS rate within 20 wk (78% 
vs 11%)[110]. Therefore, pembrolizumab was the first drug that did not consider tumor 
types and only used biomarkers (dMMR/MSI-H) as treatment options based on 
overall response rates. Additional data also showed that nivolumab had benefits in 
advanced dMMR/MSI-H CRC where previous cytotoxic drugs had failed, with 31% of 
cases responding, and 69% of the overall disease control rate[114]. Therefore, the 
National Comprehensive Cancer Network guidelines have officially recommended 
pembrolizumab or nivolumab as second-line or third-line treatment for patients with 
MSI-H metastatic CRC since 2017[115]. Michael et al[116] reported that compared to 
anti-PD-1 monotherapy, nivolumab combined with ipilimumab had a higher response 
rate and better long-term clinical benefits, with controllable safety, and thus, should be 
considered as the first-line treatment for patients with metastatic dMMR/MSI-H CRC. 
The KEYNOTE-177 trial found that when pembrolizumab was used as the first-line 
treatment for metastatic dMMR/MSI-H CRC, patients had a significantly longer PFS 
(median, 16.5 vs 8.2 mo, HR = 0.60, 95%CI: 0.45-0.80, P = 0.0002) and fewer treatment-
related adverse events (22% vs 66%) compared to those receiving chemotherapy[117]. 
Therefore, the US Food and Drug Administration approved pembrolizumab as a first-
line treatment for unresectable or metastatic dMMR/MSI-H CRC in June 2020[118]. 
However, a subgroup analysis in the KEYNOTE-177 trial indicated that patients with 
metastatic dMMR/MSI-H CRC with KRAS or NRAS mutations could not benefit from 
pembrolizumab alone[117]. Whether adding chemotherapy or anti-CTLA-4 to PD-1 
blockade could overcome this apparent resistance remains unknown.

PROGNOSIS
The prognosis of patients with colorectal MAC remains controversial, which may be 
due to the higher TNM stage at the time of diagnosis. Studies have found that the 5-
year OS rate of patients with MAC was lower than that of patients with NMAC, 
whereas no difference in prognosis was found when comparing patients with the same 
TNM stage[11,24,27]. However, other studies have indicated that in stage III colon 
cancer, patients with MAC have a poor 5-year CSS rate (MAC vs NMAC, 67.9% vs 
72.7%)[81]. Catalano et al[119] believed that the controversy over the prognosis of 
colorectal MAC was caused by the poor prognosis of rectal MAC, while there was no 
significant difference between colonic MAC and NMAC. The authors also found, for 
patients with stage II and III colon cancer who underwent radical surgery, there was 
no significant difference in prognosis between MAC and NMAC. In addition, MAC is 
more likely to have nodal metastases, be diagnosed at an advanced stage, and have 
lower resectability of tumors in the rectum than the colon, thus leading to a poor 
prognosis of rectal MAC[119].

Studies have also demonstrated that higher age (> 65 years), tumor grades including 
moderately, poorly, and undifferentiated tumors, tumor location in the rectum, 
preoperative CEA level (> 5 ng/mL), higher pathological T or N stage, intestinal 
obstruction, and perineural infiltration were all significantly associated with poor OS 
in MAC[7,120]. A greater number of lymph nodes examined (no fewer than 12) 
significantly increased OS (HR = 0.601, 95%CI: 0.537-0.673, P < 0.001) and CSS (HR = 
0.582, 95%CI: 0.511 to -0.664, P < 0.001) in patients with colorectal MAC[120]. BRAF 
mutations were significantly associated with CRC-specific mortality (multivariate HR 
= 1.64, 95%CI: 1.18-2.27, P = 0.003), while MSI-H was associated with a statistically 
significant reduction in CRC-specific mortality (multivariate HR = 0.28, 95%CI: 0.17-
0.46, P < 0.001). Considering both MSI-H and BRAF, the 5-year CSS rates were 79%, 
73%, 65%, and 46%, respectively, in MSI-H/BRAF-wild-type, MSI-H/BRAF-mutant, 
MSS/BRAF-wild-type, MSS/BRAF-mutant[121], suggesting that the prognosis of 
patients with MAC could be stratified according to the status of MSI-H combined with 
BRAF. Notably, in metastatic CRC, dMMR corresponds to a poorer prognosis 
compared with pMMR[122]. Immunotherapies, including anti-PD-1 and CTLA-4, 
emerged in recent years are promising treatment strategy.

CONCLUSION
Colorectal MAC is a unique clinicopathological subtype of CRC. This review compre-
hensively describes the clinicopathological characteristics, molecular features, 
diagnosis, treatment, and prognosis of colorectal MAC. One of the most notable 
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features of MAC is the aberrant expression of multiple mucins, but the underlying 
mechanism remains unclear. The mucinous features of MAC suggest that it originates 
from cells expressing MUC2, with no clear understanding of the mechanism 
underlying mucus production by MAC against radiotherapy and chemotherapy. In 
the future, in-depth research is needed to clarify the role of mucus in MAC. Colorectal 
MAC has a higher frequency of KRAS, BRAF mutations, CIMP-H, and MSI-H, 
suggesting that the genetic origin of colorectal MAC is mainly related to the serrated 
pathway of CRC, namely the BRAF, MSI, and CIMP pathways, which also explains the 
high proportion of MSI-H in MAC. MSI-H indicates a better response to immuno-
therapy, which is hopeful for patients with MAC. The prognosis of patients with 
colorectal MAC remains controversial, which may be attributed to the poor prognosis 
of rectal MAC, while there is no significant difference in the prognosis of colonic MAC 
and NMAC.

In summary, MAC has various clinicopathological and molecular characteristics 
that differ from those of NMAC. Therefore, personalized diagnosis and treatment of 
MAC is beneficial. Further studies, such as targeted drugs for mucins, sensitization to 
chemoradiotherapy, and immunotherapy, are warranted to improve the prognosis of 
patients with MAC.
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