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Abstract 

Colorectal cancer is a heterogeneous disease which can be divided into proximal colon cancer, distal 
colon cancer and rectal cancer according to the anatomical location of the tumor. Each anatomical 
location of colorectal cancer exhibits distinct characteristics in terms of incidence, clinical manifestations, 
molecular phenotypes, treatment, and prognosis. Notably, proximal colon cancer differs significantly 
from cancers of other anatomical subsites. An increasing number of studies have highlighted the presence 
of unique tumor biological characteristics in proximal colon cancer. Gaining a deeper understanding of 
these characteristics will facilitate accurate diagnosis and treatment approaches. 
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1. Introduction 
Colorectal cancer (CRC) is a disease 

characterized by its heterogeneity and distinct 
anatomical, pathophysiological, and clinical 
attributes. In the United States, CRC ranks third in 
both incidence (35.9/100,000 person-years) and 
mortality (13.1/100,000 person-years), according to 
the American Cancer Society[1]. Although regional 
disparities exist, the overall morbidity and mortality 
rates are higher among men than women.  

According to the anatomical subsite, CRC is 
categorized into proximal colon cancer (also known as 
right-sided colon cancer, from the ileocecum to the 
proximal 2/3 of the transverse colon), distal colon 
cancer (also known as left-sided colon cancer, from 
the distal 1/3 of the transverse colon to the sigmoid 
colon), and rectal cancer (RC). Numerous studies 
conducted over the past three decades consistently 
demonstrated substantial variations in the incidence, 
clinical manifestations, pathological classifications, 
and prognoses of CRC across different anatomical 
locations[2,3]. An examination of these distinct 

manifestations from an embryological standpoint 
elucidates that the proximal colon arises from the 
midgut during embryonic development, while the 
distal colon originates from the hindgut[4]. 
Consequently, this divergence in origin gives rise to 
dissimilar histological composition and physiological 
functionality[5]. As a consequence, tumors develop in 
a distinct trajectory with distinctive molecular 
characteristics[6,7]. Hence, scholars have posited that 
the proximal colon and the distal colon are regarded 
as “two organs derived from a common intestinal 
canal”, thereby advocating for more precise 
therapeutic interventions contingent upon the 
anatomical site of the tumor. 

In relation to clinical presentations, individuals 
diagnosed with proximal colon cancer demonstrate a 
greater prevalence of females in comparison to those 
diagnosed with distal colon cancer or RC. Moreover, 
they manifest a higher incidence of symptoms, 
including abdominal pain and palpable masses, 
particularly in cases where the tumor diameter is 
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larger[3]. Furthermore, it has been observed that 
patients diagnosed with proximal colon cancer tend to 
have a more unfavorable prognosis compared to 
those with distal colon cancer or RC. This finding has 
been consistently reported across various studies. For 
instance, a study conducted on a U.S. patient 
population[3] revealed that proximal colon cancer 
exhibited lower 5-year overall survival (OS) and 
5-year disease-free survival (DFS) rates compared to 
distal colon cancer and RC, specifically in AJCC stage 
I and III cases. Similarly, a study conducted in 
Chinese patient population[8] demonstrated that 
proximal colon cancer patients had a significantly 
lower 5-year cancer-specific survival (CSS) rate 
compared to distal colon cancer (68.1% vs. 70.9%, p < 
0.001). The pathological characteristics of proximal 
colon cancer distinguish it from both distal colon 
cancer and RC, as they frequently exhibit poorly 
differentiated tumors[9], mucinous adenocarci-
noma[10], and signet-ring cell cancers[11]. 
Additionally, proximal colon cancer displays a 
distinctive molecular pathology, often characterized 
by a higher prevalence of BRAF mutations and 
microsatellite instability-high (MSI-H)[12]. Consensus 
molecular subtype (CMS) divided CRC into 4 
different types CMS1-4[13]. The proportion of CMS1 
and CMS3 was higher in proximal colon cancer than 
in distal colon cancer and RC[14]. 

The management approach for proximal colon 
cancer exhibits variations when compared to both 
distal colon cancer and RC. Surgical intervention 
continues to be the primary therapeutic modality for 
proximal colon cancer patients. According to the 
NCCN guidelines[15], the molecularly-targeted 
therapies cetuximab and panitumumab demonstrate a 
diminished prognostic advantage for proximal colon 
cancer patients compared to those with distal colon 
cancer in the context of CRC. Consequently, these 
therapies are presently recommended exclusively as 
first-line treatments for patients with distal colon 
cancer. At present, a dearth of systematic reviews 
pertaining to the distinctive attributes of proximal 
colon cancer persists. This paper aims to consolidate 
the epidemiological, clinical, tumor biological, and 
therapeutic characteristics of proximal colon cancer, 
thereby offering a valuable point of reference for the 
advancement of proximal colon cancer-related 
treatment and research. 

3. Epidemiology 
The composition ratio of CRC exhibits regional 

and ethnic variations across different anatomical sites. 
According to data from the American Cancer Society, 
proximal colon cancer constituted 39%[1] of all CRC 
cases in the United States. Similarly, a study 

encompassing 10 European countries reported a ratio 
of 29.8%[16]. Conversely, a Chinese study proposed a 
ratio of 20%[17], while a previous study conducted at 
our center yielded a comparable proximal colon 
cancer ratio of 18.6%[18]. Japanese and Korean studies 
concluded ratios of 14.0%[19] and 23.8%[20], 
respectively. As seen in the above studies, the 
prevalence of CRC varies among different sites in 
different national populations, with relatively 
consistent statistics among Asian countries, where the 
proximal colon is the less common site of CRC; 
whereas in Europe and the United States, the 
proximal colon is the more common site, and the 
proximal colon cancer constitutes the highest ratio of 
CRC among all anatomical sites even in American 
patients. The difference ratio of proximal colon cancer 
in CRC among countries may can be explained by 
metabolic syndrome (MetS). A population-based 
cohort study in Norway demonstrated that MetS was 
associated with proximal colon cancer rather than 
distal colon cancer or RC[21]. A cohort-study in China 
also found similar conclusion[22]. Prevalence of MetS 
in the United Status among adults is about 34.7%[23], 
the number in the Unit Kingdom is 31.1%[24], while 
in China the number is about 15.5%[25]. Therefore, 
MetS contributing to regional difference proximal 
colon cancer incidence. And the advocation of healthy 
lifestyles play a potential role of primary prevention 
in proximal colon cancer. However, regardless of the 
region, proximal colon cancer patients have a higher 
proportion of females compared to distal colon cancer 
and RC, ranging from 45.9%-64.4%[1,3,8,16] and have 
the highest mean age at diagnosis and the latest 
detection time[3]. 

A comprehensive analysis of three decades of 
data from the United States revealed a decreasing 
overall incidence rate of CRC. However, the decline in 
proximal colon cancer was notably less pronounced 
compared to distal colon cancer and RC, indicating a 
discernible upward trend in the proportion of 
proximal colon cancer within the broader context of 
CRC[26]. This may be due to improvements in 
diagnostic and treatment techniques, as well as the 
widespread use of colonoscopy, which has increased 
screening and removal of adenomatous polyps in the 
distal colon, which has resulted in better prevention 
of distal colon cancer and a reduction in the incidence 
of distal colon cancer. However, colonoscopy was not 
as effective in preventing proximal colon cancer as it 
was in preventing distal colon cancer due to 
suboptimal bowel preparation of the proximal colon, 
incomplete colonoscopy, and a higher incidence of 
serrated polyps in the proximal colon[27]. Overall, the 
proportion of proximal colon cancer in CRC is on the 
rise, and the anatomical sites where CRC occurs have 
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a “rightward shift” trend[28]. 

3. Clinical Features 
Patients with early-stage CRC usually have no 

clinical presentations, and diagnosis of CRC during 
the asymptomatic period is often a screening finding. 
Most patients with CRC seek medical treatment after 
the onset of symptoms Clinical symptoms are often 
caused by the tumor growing into the intestinal 
lumen and then invading the intestinal wall even the 
surrounding adjacent tissue structures. Therefore, the 
occurrence of clinical symptoms often indicates that 
the tumor has progressed and is no longer in the early 
stages. 

Among typical clinical signs or symptoms of 
CRC[29], the most common clinical symptoms of 
proximal colon cancer are abdominal mass and 
anemia; while the most common clinical symptoms of 
distal colon cancer are hemorrhage and obstruction. It 
is currently believed that the reason for these 
differences is that the proximal colon has a larger 
intestinal lumen and higher fecal water content, 
making it less likely to be obstructed, while the distal 
colon has a relatively smaller intestinal lumen, lower 
fecal water content, and more common symptoms of 
obstruction.  

In addition, different tumor locations have 
different prognosis[30]. Weiss et al.[31] analyzed stage 
I to III colon cancer patients in the Surveillance, 
Epidemiology, and End Results–Medicare Data 
(SEER). The results showed that both patient 
characteristics and tumor characteristics are factors 

affecting patient survival, among which tumor stage 
is an independent predictive factor. Adjusted Cox 
regression showed no significant difference in 5-year 
mortality between proximal and distal colon cancers 
for all stages combined or for stage I cancers. Stage II 
proximal colon cancer had lower 5-year mortality 
than distal colon cancer, and stage III proximal colon 
cancer had higher 5-year mortality. Compared with 
distal colon cancer and RC, patients with proximal 
colon cancer have lower 5-year OS and 5-year DFS. 
This may be due to the fact that microsatellite 
instability (MSI) is mainly seen in proximal colon 
cancer (while less than 5% of distal colon cancers have 
MSI), and MSI positivity is associated with tumors at 
earlier stages. 

Jernvall et al.[32] conducted a statistical analysis 
and determined that the prevalence of MSI-positive 
patients in stage II proximal colon cancer ranged from 
20% to 25%, while in stage III proximal colon cancer 
patients, it was less than 15%. Furthermore, the 
proportion of MSI-positive patients in stage IV colon 
cancer was found to be even lower. In a separate 
study, Yahagi et al.[33] found that patients with 
proximal colon cancer generally exhibited a poorer 
prognosis, particularly those in AJCC stage III/IV. 
This study also revealed that this disparity is more 
pronounced in Western nations but exhibits 
inconsistency in Eastern countries, potentially 
attributed to factors such as race[20,34], lifestyle[35–
37], healthcare policies, and other pertinent 
determinants. 

 

 
Figure 1. Anatomical subtypes of colorectal cancer and their associations with epidemiological features, clinical features and tumor molecular features. 
The colorectum is anatomically divided into three segments: the proximal colon, which extends from the caecum through the ascending colon to the transverse colon; the distal 
colon, consisting of the descending colon and sigmoid colon; and the rectum. Colorectal cancer (CRC) exhibits etiological heterogeneity based on tumor location. 
Demographically, proximal colon cancer is more prevalent in women, older individuals, and white and black populations; distal colon cancer occurs more frequently in men and 
younger individuals; while rectal cancer is predominant among early-onset cases (diagnosed before age 50 years) and Asian populations. In terms of tumor molecular markers, 
proximal colon cancer shows enrichment for subtypes characterized by microsatellite instability-high status (MSI-H), CpG island methylator phenotype-high status (CIMP-H), 
BRAF mutation, or RAS mutation; whereas distal colon cancer is associated with chromosomal instability (CIN)-positive subtype. Understanding the epidemiological trends of 
proximal colon cancer helps contextualize its distinct clinical presentations. 



Int. J. Med. Sci. 2024, Vol. 21 
 

 
https://www.medsci.org 

1827 

4. Tumor Biological Characteristics 
The biological behavior of proximal colon cancer 

differs from that of distal colon cancer. In terms of 
tumor morphological characteristics, proximal colon 
cancer tumors typically exhibit a larger diameter, a 
higher proportion of pathological stage II, poorer 
differentiation compared to distal colon cancer and 
RC, and an increased incidence of lymphovascular 
invasion[3]. From the perspective of specific 
histological classification, mucinous carcinoma, signet 
ring cell carcinoma and medullary carcinoma in 
proximal colon cancer is more common than that in 
distal colon cancer or RC[3,38–40].  

This observation may be attributed to the unique 
embryonic origin, which can influence cells by 
differential gene expression leading to divergent 
patterns of differentiation. This leads to distinct 
histological structures and physiological functions in 
the distal and proximal colons[5]. Consequently, these 
variations significantly impact tumor occurrence and 
progression, resulting in diverse symptoms, 
molecular characterization, and biological 
behavior[6,7]. 

In addition, the development of CRC is 
intricately influenced by the interplay between 
genetic factors and the tumor micro-environment 
(TME). It is worth noting that variations in TME 
characteristics across different anatomical locations of 
CRC may also contribute to the distinctive tumor 
biological features observed in proximal colon cancer. 

4.1 Molecular Biology 
There are two major distinct precursor lesion 

pathways of sporadic CRC at the molecular level. One 
is the conventional adenoma to carcinoma 
pathway[41], also referred to as the chromosomal 
instability sequence, which accounts for 70-90% of 
CRC. The other one is the serrated neoplasia 
pathway[42], contributing to 10-20% of CRC. The 
serrated neoplasia pathway can be categorized into 
two types: traditional serrated adenomas (TSA) and 
sessile serrated polyps (SSP), among them, 80% of SSP 
caused proximal colon cancer. Initiation of the 
serrated neoplasia pathway typically involves genetic 
mutations in the BRAF or KRAS genes, followed by 
tumor suppressor gene methylation known as CpG 
island methylator phenotype (CIMP). These processes 
can result in microsatellite-stable (MSS) and MSI 
tumors depending on the epigenetic silencing of 
specific genes during lesion progression.  

4.1.1 MMR, RAS, BRAF 
There are individual differences in the 

expression of proto-oncogenes and anti-oncogenes 
between proximal colon cancer and distal colon 

cancer. Prevalent mutations in proximal colon 
cancer[43–45] involve the following genes: PIK3CA, 
FBXW7, SMAD4, TGFBR2, BRAF, CTNNB1, PTEN. 
Recent studies[46] also support that there are 
differences in the genetic architecture of colon cancers 
across distinct anatomical locations, manifested in 
multiple gene loci, which implies that the molecular 
mechanisms involved in the development of tumors 
in different locations need to be discussed separately, 
however, a definitive conclusion is yet to be reached. 
In conjunction with the aforementioned pathogenic 
mechanism in molecular biology, significant focus has 
been placed on MMR-related genes as well as RAS 
and BRAF as valuable molecular markers for clinical 
diagnosis and treatment of CRC.  

4.1.1.1 MMR 
MMR is a mismatch repair protein, and when 

this protein is functionally defective, it is referred to as 
dMMR. Typically, genetical characteristics of dMMR 
tumors including the inactivation of genes MLH1, 
MSH2, MSH3, MSH6, and PMS2; epigenetic 
inactivation; and downregulation of microRNA. 
Overall, hypermethylation of the MLH1 promoter 
represents the primary mechanism underlying MSI-H 
in sporadic CRC, including BRAF-mutated 
CRC[47,48]. Hypermethylation of the MLH1 
promoter is exclusively observed in SSP and is 
associated with specific polymorphisms in MLH1 
(MLH1-93AA)[49]. In patients with restrictive CRC, a 
higher proportion of MSI-H occurs in proximal colon 
cancer compared to distal colon cancer; furthermore, 
patients with MSI-H tumors exhibit a more favorable 
survival rate. This finding may elucidate the better 
prognosis of patients with stage II proximal colon 
cancer relative to those with distal colon cancer. It 
should be noted that the prevalence of MSI-H is lower 
among individuals diagnosed with metastatic 
colorectal cancer (mCRC), and the impact on 
prognosis remains uncertain. 

4.1.1.2 RAS 
RAS can be categorized into three groups: 

HRAS, KRAS and NRAS. Although all three 
oncogenes have the ability to transform normal cells 
when mutated, KRAS mutations are the most 
prevalent in human CRC[50,51]. Notably, RAS gene 
mutations are more frequently observed in proximal 
colon cancer[52]. In CRC, RAS gene mutations are 
significantly associated with a lack of response to 
drugs targeting the epidermal growth factor receptor 
(EGFR) such as cetuximab[53]. In other words, only 
patients with wild-type RAS genes can benefit from 
anti-EGFR therapy[54]. The proportion of such 
wild-type patients is lower in proximal colon cancer 
compared to distal colon cancer and RC. 
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Figure 2. Canonical molecular pathways underlying the initiation and progression of proximal colon cancer Proximal colon cancer typically arises from adenoma 
or serrated neoplasia. As depicted in the figure, pathway 1 illustrates the commonly mutated genes and molecular pathways involved in the progression from adenoma to 
carcinoma, while pathway 2 represents those associated with the progression from serrated neoplasia to cancer. Notably, during the dysplasia stage, the Wnt signaling pathway 
predominantly operates as a key molecular pathway; APC exhibits closer association with carcinogenesis mechanisms linked to adenoma, whereas β-catenin is more closely 
related to those associated with serrated neoplasia. In both adenoma and serrated neoplasia stages, HER-2 signaling pathway plays significant role. Mutations in NRAS and KRAS 
are particularly relevant to adenoma-associated carcinogenesis, whereas KRAS and BRAF mutations are more closely tied to serrated neoplasia. During cancer progression, 
major molecular pathways include EGFR signaling and TGF-β signaling pathways. Among these, SMAD4 demonstrates stronger correlation with adenoma's carcinogenesis 
mechanism while PIK3CA and PTEN exhibit closer associations with serrated neoplasia's carcinogenesis mechanism. 

 

4.1.1.3 BRAF 
BRAF activating mutations (mostly occurring at 

codon 600, i.e. V600E): CRCs with BRAFV600E 
mutations account for 8% to 12%[55] of all diagnosed 
CRC cases, of which approximately 60% of primary 
tumors are located in the proximal colon. BRAFV600E 
serve as a strong adverse prognostic indicator for 
early-stage and late-stage/recurrent non-MSI-H 
tumors due to its role in conferring resistance to 
anti-EGFR therapy. However, MSI-H tumors (where 
most BRAF mutations occur) do not share this poor 
prognosis despite harboring BRAF mutations; 
neoadjuvant chemotherapy still demonstrates better 
efficacy[47,56,57]. 

Current large-scale clinical studies have 
established that mutation status of RAS and BRAF 
genes as well as MMR status are dominant prognosis 
or predictive biomarkers, and RAS, BRAF, and MMR 
status should be detected to obtain information on 

patient risk stratification and optimize treatment 
options[58,59]. These also become part of the routine 
pathological assessment for CRC. While BRAF 
mutations and MSI were more common in proximal 
colon cancer patients, this was only less than 5% in the 
distal colon cancer patient population. BRAF 
mutations and MSI are associated with poorly 
differentiated adenocarcinoma, mucinous carcinoma, 
and signet ring cell carcinoma. MSI is not only 
associated with a better prognosis after radical 
resection in stage II patients, but also with fewer liver 
metastasis. For example, in stage IV proximal colon 
cancer patients, liver metastases are significantly less 
common, while peritoneal metastasis is more 
common[60]. 

4.1.2 PIK3CA, SMAD4, CTNNB1, PTEN 
In addition to the aforementioned genes, 

numerous biomarkers have been extensively 
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investigated; however, their diagnostic and 
prognostic value remains unproven. This is primarily 
attributed to inconsistent assay methodologies, 
conflicting findings across different studies examining 
the same factor, as well as a predominance of 
small-scale studies lacking statistically robust and 
valid multivariate analysis. However, such genes or 
biomarkers still have important research value and 
are differentially expressed in proximal colon cancer. 
Here are a few categories for a brief introduction 
(Table 1). 

4.1.2.1 PIK3CA 
PIK3CA is a common oncogene that encodes the 

p110α catalytic subunit of class I 
phosphatidylinositol-3-kinases (PI3Ks), namely 
PI3Kp110α, which is involved in cancer driving 
mechanisms mainly as an upstream signal for AKT. 
Cancers with high activation rates of PIK3CA 
mutations include breast cancer (>30%), endometrial 
cancer (>30%), bladder cancer (>20%), CRC (>17%), 
and head and neck squamous cell carcinoma 
(>15%)[61]. A study[62] suggested that PIK3CA 
mutations were associated with older age, proximal 
colon cancer, and histological classification of 
mucinous carcinoma and KRAS mutation. Among the 
hotspot locations were exons 9 and 20 of PIK3CA. In 
the comprehensive cohort analysis, PIK3CA exon 9 
and 20 mutations were overrepresented in proximal 
colon cancer, CIMP-low (CIMP-L), and 
KRAS-mutated cancers. Comparing PIK3CA exon 
mutations, exon 20 mutations were associated with 
MSI-H, CIMP-H and BRAF mutations, while exon 9 
mutations were associated with KRAS mutations. A 
similar study including 757 CRC patients reached the 
same conclusion and also found that CRC with 
PIK3CA mutations were more likely to be associated 
with deficient expression of O-6-methylguanine-DNA 
methyltransferase (MGMT), which also leads to a 
significant decrease in the survival rate of patients 
with BRAF wild-type tumors[44]. 

4.1.2.2 SMAD4 
SMAD4 is a tumor suppressor and a crucial 

component of the transforming growth factor-β 
(TGF-β) signaling pathway, playing significant roles 
in cell proliferation, differentiation, migration, 
apoptosis, and interaction with stromal inflammatory 
cells.  

One prospective targeted sequencing study[63] 
on 1134 CRC patients revealed that compared with 
distal colon cancer, MSS mCRC with the primary 
tumor located in the proximal colon is associated with 
worse survival rates, older age at diagnosis, increased 
mutations, and enrichment of oncogenic mutations in 
KRAS, BRAF, PIK3CA, AKT1, RNF43, and SMAD4, 

which also suggests differences in tumor metastasis 
mechanisms between proximal colon cancer and 
distal colon cancer. 

Interestingly, in another study[64] involving 108 
patients comparing colorectal adenocarcinoma with 
mucinous component (AWMC) and classic colorectal 
adenocarcinoma (AC), the most frequently mutated 
genes identified in AWMC were KRAS (45.4%), TP53 
(39.8%), APC (22.2%), PIK3CA (22.2%) and SMAD4 
(10.2%). Furthermore, AWMC was found to be more 
prevalent in proximal colon cancer. The conclusion of 
this study provides an explanation for the higher 
frequency of SMAD4 mutations observed in proximal 
colon cancer from a histological classification 
perspective. 

4.1.2.3 CTNNB1 
CTNNB1 encodes β-cantenin, which can drive 

carcinogenesis upon abnormal activation. When 
oncogenic mutations occur, the produced protein 
resists proteolytic degradation and activates the Wnt 
signaling pathway to promote tumorigenesis. A 
study[65] that included 30 patients with sporadic CRC 
and 17 patients with hereditary non-polyposis 
colorectal cancer (HNPCC) revealed a higher 
prevalence of CTNNB1 mutations in the proximal 
colon, independent of MSI status. In another 
study[45] comprising 1,876 patients with CRC, 
CTNNB1 mutations were predominantly observed in 
the proximal colon; however, further subdivision 
based on tumor location demonstrated that tumors 
located at the splenic flexure exhibited the highest 
frequency of CTNNB1 mutations. 

4.1.2.4 PTEN 
The phosphatase and tensin homologue deleted 

on chromosome ten (PTEN), also known as MMAC1 
and TEP1, is a classic tumor suppressor gene 
belonging to the protein tyrosine phosphatases (PTP) 
gene family. PTEN protein exerts its tumor-inhibiting 
effects by antagonizing the activity of phosphorylase 
enzymes such as tyrosine kinases. Deletion or 
mutation of the PTEN gene leads to tumorigenesis. In 
a study[62] involving 1093 patients with stage I-IV 
colorectal cancer, PTEN mutations were detected in 
5.8% of clinical samples. The results indicated that 
PTEN mutations are associated with proximal colon 
tumors, mucus histology, MSI-H, CIMP-high 
(CIMP-H), and BRAF mutation. Furthermore, another 
study[66] examined PTEN and PIK3CA mutations in 
186 adenocarcinomas and 16 adenomas from the EPIC 
Norfolk study using DNA sequencing and assessed 
changes in PTEN expression through 
immunohistochemistry. This study identified 
mutations in exons 7 and 8 of the PTEN gene in 2.2% 
of CRC cases, along with loss of PTEN expression in 
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34.9% of CRC cases; notably, loss of PTEN expression 
exhibited heterogeneity across different anatomical 
locations: proximal colon cancer was associated with 
advanced Dukes stage and lower differentiation level, 
while distal colon cancer showed an association with 
earlier Dukes stage. These findings suggest variations 
in molecular biology among different hemi-tumors 
and highlight the differential diagnostic value of 
PTEN across various anatomical locations within 
CRC. 

4.1.3 Consensus Molecular Subtypes 
In 2015, CMS classification of CRC was proposed 

internationally[13]: CMS1 (MSI Immune, 14%), CMS2 
(Canonical, 37%), CMS3 (Metabolic, 13%), CMS4 
(Mesenchymal, 23%), and samples with mixed 
features (13%). Whereas CMS typing has shown 
variation according to the anatomical location of CRC, 
more studies have been conducted and reached a 
consensus that CMS type 1 and 3 are more prevalent 
in proximal colon cancer[12,14,67,68]. This finding 
aligns with the observation that proximal colon cancer 
exhibits a higher proportion of MSI, CIMP, KRAS 
mutations, and BRAF mutations. The differences in 
CMS typing are significant as they contribute to the 
understanding of distinct tumor biological behaviors 
between proximal colon cancer and distal colon 
cancer, offering novel insights and a comprehensive 
summary of the distinct gene mutation characteristics. 

4.2 Tumor Micro-Environment of proximal 
colon cancer 

4.2.1 Gut Microbiota 
In the human gut, colonies of over 10^14 

microorganisms[69] play crucial roles in maintaining 
a normal physiological environment, including 
energy metabolism, interaction with the intestinal 
barrier system, promotion of epithelial cell survival 
and most importantly protection against external or 
pathogenic bacterial invasion[70]. Dysbiosis in the gut 
has been linked to various diseases such as 
neurological disorders, gastrointestinal issues and 
metabolic conditions[71]. Changes in dietary habits or 
environmental factors can induce alterations in the 
gut microbiota[72] which may lead to colorectal 
cancer through inflammation, DNA damage, or 
metabolites produced from microorganisms[73,74]. 

Gut microbiome influences the onset and 
progression of CRC by chronic inflammation[75], 
tumor-favorable immune microenvironment[76–78], 
promoting CRC tumor cells proliferation[79], 
inducing senescence and promoting tumor 
growth[80] (as shown in Fig. 3).  

Regarding colon cancers at different sites, 
several relevant studies have demonstrated 

significant differences in the composition of intestinal 
mucosal microbiota[81,82] and bacterial biofilm[83]. 
In terms of microbial species, Prevotella, Pyramido- 
bacterium, Selenomonas, and Peptostreptococcus 
were found to be more prevalent in proximal colon 
cancer[81]. Biofilm refers to a mixed bacteria mucin 
layer present on the surface of the epithelial lumen of 
the colon. A study by Dejea et al.[83] revealed that 
invasive bacterial biofilms were detected in 89% of 
proximal colon cancer cases compared to only 12% in 
distal colon cancer cases; furthermore, most patients 
with biofilms on their tumors also exhibited similar 
invasive biofilms on normal colonic mucosa distant 
from the tumor site. The biofilms were associated 
with a significant decrease in epithelial E-cadherin, 
increased interleukin-6 (IL-6), activated Stat3 
signaling pathway, enhanced cell proliferation, and 
elevated levels of N1, N12-diacetylspermine. This 
suggests a unique symbiotic relationship between 
bacterial biofilms and host cancers.[84]. 

Additionally, relevant investigations have been 
conducted to classify the intestinal microbiota based 
on carcinogenesis in sporadic colon cancer and 
identify disparities between TSA and SSP 
mechanisms[85], with proximal colon cancer 
accounting for 80% of SSP-related carcinogenesis[86]. 
A comprehensive review summarizing pertinent 
studies has established a distinct correlation between 
Fusobacterium spp. and proximal lesions 
characterized by higher histologic grading as well as 
serrated pathway lesions. Yu et al.[87] found that 
Fusobacterium spp. was more prevalent in SSP than 
in adenomas, and more common in proximal than 
distal CRCs. While Ito et al.[88] did not observe 
differences in Fusobacterium spp. between adenomas, 
TSA, or SSPs, their group did find that the proportion 
of Fusobacterium-positive SSPs increased when 
metastasized from the distal to the proximal colon. 
Park[89] and Ito's study[88] found a stronger 
correlation between Fusobacterium spp. and CRC 
compared to less advanced lesions, with an increased 
presence of Fusobacterium spp. as histologic grading 
increased, which may be attributed to the new 
microenvironment of CRC tumors. SSPs typically 
exhibit mucus caps and overexpress mucin-forming 
proteins such as MUC6, MUC5aC, MUC17, and 
MUC2 genes associated with enhanced tumor 
metastasis[90]. 

4.2.2 Impact of Metabolites on the CRC Tumor 
Environment 

4.2.2.1 Bile Acids 
The levels of bile acids (BAs) and their 

metabolites in the intestinal lumen exhibit variations 
based on colonic location and are regulated by 
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microbial enzymatic reactions. BAs and their 
metabolites can induce tumorigenesis[92] (as shown 
in Fig. 4).   

A nested case-control study in the EPIC cohort 
analyzed 17 types of BAs and their metabolites, 
finding a positive correlation between CRC risk and 
seven bound bile acid metabolites in plasma. This 
suggests that high levels of BAs can induce colon 
cancer. [93].  

Importantly, previous studies have 
demonstrated a ten-fold higher concentration of 
primary bile acid-conjugated bile acids in the 
proximal colon compared to the distal colon, along 
with greater enzyme activity for DCA formation 
observed in cecal aspirate samples compared to rectal 
fecal samples[94].  

Subsequent investigations have further 
confirmed these findings by observing higher 
concentrations of BAs in the intestinal lumen of 

proximal colon cancer compared to distal colon 
cancer, as well as a greater diversity of BA species. 
The high ratio of glycineursodeoxycholic acid 
(GUDCA) to ursodeoxycholic acid (UDCA) was 
significantly associated with a worse 5-year OS, 
providing novel insights into the study of 
CRC-related microbial environment, which offers 
new avenues for CRC-related microbial research[95].  

Furthermore, recent clinical studies have also 
demonstrated that patients who undergo 
cholecystectomy are more susceptible to proximal 
colon cancer[96].  

The prolonged exposure of the proximal colon to 
bile acids and their metabolites occurs after 
cholecystectomy, as bile is no longer stored in its 
original site and its excretion does not follow the 
original feeding-related rhythm. This results in 
relatively less exposure of the distal colon and rectum. 

 

 
Figure 3. Four key mechanisms of gut microbiome associated with the occurrence and progression of colorectal cancer a. The inflammation pathway triggered 
by toxins secreted by the gut microbiome, such as Salmonella or E. coli, can lead to chronic inflammation and an increase in reactive oxygen species (ROS) within the mucosal 
lining, resulting in DNA damage. b. Tumor microenvironment (TME): Certain microorganisms like Fusobacterium nucleatum and Bacteroides fragilis have the ability to modulate 
the density of different types of T cells, creating a tumor microenvironment that promotes tumor initiation and progression. c. Bacterial components can promote tumor cell 
proliferation through the NF-κB pathway, for example, via putative cell wall binding repeat 2 (PCWBR2) surface protein produced by Peptostreptococcus anaerobius. d. 
Senescence and tumor growth can be facilitated by specific strains of E. coli that produce colistin-encoded enzymes responsible for hepatocyte growth factor (HGF) synthesis. 
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Figure 4. Relevance of metabolites in the initiation and progression of colorectal cancer Primary bile acids can undergo enzymatic cleavage by gut microbiota, 
particularly anaerobic colonic microbes, to form secondary bile acids. These secondary bile acids are subsequently passively reabsorbed into epithelial cells where they can induce 
an increase in reactive oxygen species (ROS) and reactive nitrogen species (RNS), leading to DNA damage in colonic epithelial cells and promoting the initiation of CRC. CRC 
cells respond by upregulating endogenous lipogenesis and cholesterol synthesis to support their proliferation, including activation of β-oxidation of endogenous lipids and cellular 
respiration[91]. These metabolic alterations activate fatty acid synthetase (FASN) through the mTOR pathway, enabling saturated fatty acids (SFA) incorporation into the cancer 
cell phospholipid membrane, thereby reducing susceptibility to free radicals and therapeutic drugs. This tumorigenic process may facilitate tumorigenesis and metastasis. 

 

4.2.2.2 Lipid Metabolites 
Lipids constitute a significant component of the 

human body's essential nutrients, and their 
metabolism is associated with the occurrence and 
progression of tumors through various metabolites. It 
is widely acknowledged that obesity, particularly in 
the EoCRC population[97], is a risk factor for 
CRC[98]. This phenomenon is related to various lipid 
metabolites, such as saturated fatty acid (SFA), which 
is found in higher concentrations among obese 
individuals or MetS population. Such an elevation in 
SFA levels can induce oxidative stress, heightened 
lipotoxicity, and hypertriglyceridemia, among other 
effects. In order to meet the growing needs for 
continued proliferation, cancer cells can increase the 
uptake of exogenous lipids or upregulate endogenous 
lipogenesis and cholesterol synthesis[99]. As shown in 
Fig.4, tumor cells can promote tumorigenesis[100,101] 
and even metastasis [102]through SFA[103].  

In addition to obesity, MetS manifests through 
dyslipidemia, abnormal blood glucose levels, and 
hypertension. Lipid metabolism abnormalities are 
closely linked to MetS and may contribute to the 
development and progression of proximal colon 
cancer[22]. Elevated SFA levels and other lipid 
metabolism disorders associated with MetS create a 
conducive environment for cancer cell growth and 

metastasis. 
In order to investigate the role of lipids and their 

metabolites in tumor biological behavior, 
lipidomics-related research[104,105] has recently 
emerged as a prominent area of focus in CRC 
research. Studies exploring lipid metabolites have also 
yielded unique findings in proximal colon cancer. 
Seyyedsalehi et al. collected dietary questionnaires 
from 865 CRC patients and 3206 healthy controls in 
the IROPICAN study. They discovered that there was 
an elevated association between high intake of 
industrial trans fatty acids and colon cancer risk after 
the age of 50, with the greatest increase observed in 
proximal colon cancer cases[106]. Another study 
analyzed tumor specimens from 246 CRC patients 
and identified fatty acid binding protein 4 (FABP4) 
expression in 37.0% of CRCs. FABP4 expression was 
significantly associated with age, proximal colon 
cancer subtype, nerve invasion, advanced 
pathological T stage, lymph node metastasis, 
advanced pathological TNM stage, as well as worse 
OS and DFS[107].  

Interestingly, the association between certain 
lipid metabolites and CRC appears to be 
gender-specific. One study[108] investigating BAs 
and short-chain fatty acids (SCFAs) in serum samples 
revealed that women in the highest quartile of total 
SCFAs exhibited a 45% lower risk of CRC compared 
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to those in the lowest quartile. Notably, this inverse 
correlation between total SCFAs and the risk of 
developing CRC was most pronounced among 
women with proximal colon cancer, potentially 
attributed to a gradual decline in SCFA concentration 
from the ascending to descending colon[109,110]. 

Except for the body's endogenous lipid 
metabolism, there exists an additional crucial 
pathway involved in lipid metabolism, namely the 
intestinal microbiota. The aforementioned SCFAs 
serve as the primary metabolites generated by gut 
microbes through fermentation of insoluble dietary 
fiber, which can directly activate G-protein-coupled 
receptors (GPCRs), inhibit histone deacetylases[111] 
and act as an energetic substrate linking dietary 
patterns and the intestinal microbiota to enhance 
intestinal health. In a comprehensive review 
investigating the impact of gut flora on CRC via 
SCFAs, Hou et al.[112] summarized studies pertaining 
to this influence and concluded that both SCFAs and 
SCFA-producing bacteria exhibit significantly 
reduced abundance in CRC cases; moreover, 
supplementation with SCFA-producing probiotics 
has been shown to impede intestinal tumor 
development. Furthermore, modulation utilizing 
SCFAs as a guide in mouse and human CRC models 
enhances their response to chemotherapy and 
immunotherapy[113,114]. The intricate relationship 
between SCFAs and CRC may provide novel insights 
into diagnosing, treating, and preventing this disease. 

4.2.2.3 Amino Acids 
Amino acids are abundant circulating 

metabolites and constitute proteins, serve as 
precursors for signaling molecules, and act as an 
important energy source through the citric acid cycle. 
Certain amino acids may also contribute to cancer 
progression[115] while significant alterations in blood 
amino acid concentrations have been widely observed 
in patients with CRC[116]. For example, levels of 
amino acids such as glutamine, citrulline, alanine, and 
histidine inversely correlate with the stage of disease 
progression[117,118]. Moreover, valine and leucine 
have been identified as among the metabolites that 
can distinguish CRC cases[119]. 

In a comprehensive study[120], data from two 
large prospective cohorts, EPIC and UK Biobank 
(UKB), were combined. Notably, higher levels of 
circulating histidine demonstrated an association with 
reduced risk of CRC while glutamine exhibited a 
borderline inverse relationship. These findings 
suggest the need for further investigation into the 
potential involvement of histidine metabolism and 
glutamine metabolism in the pathogenesis 
mechanism of CRC.  

However, consensus regarding variations in 
amino acid profiles across different anatomical 
locations in CRC has not been reached yet. Only one 
study statistically indicated differences in amino acid 
composition between proximal colon cancer and 
distal colon cancer[121]; however, additional relevant 
research is required to validate this conclusion. 

5. Management 
The current treatments for proximal colon cancer 

primarily encompass surgical and pharmacological 
interventions. 

5.1 Surgical Treatment 
Radical surgery is predominantly employed for 

colon cancer-related proximal colon cancer, with the 
extent of resection varying based on tumor location. 
Minimally invasive surgery has witnessed significant 
advancements and laparoscopic procedures currently 
represent the preferred surgical approach for 
proximal colon cancer treatment. The most 
controversial point in surgery currently focuses on 
D3- lymphadenectomy dissection. 

The controversy surrounding whether proximal 
colon cancer patients should undergo 
D3-lymphadenectomy persists due to the higher 
proportion of tumors invading central lymph nodes in 
these patients compared to distal colon cancer 
patients, as well as the increased occurrence of tumor 
cells metastasizing through lymph nodes. [122]. 
However, relevant studies have found that for stage 
III proximal colon cancer patients, the number of 
positive lymph nodes holds stronger predictive 
prognostic value than their distribution[123]. 
Therefore, high-quality research evidence is still 
required to determine whether radical D3 lymph node 
resection should be performed on proximal colon 
cancer patients. Except for the decision on performing 
D3-lymphadenectomy, there are also controversies 
regarding the boundaries of intraoperative 
D3-lymphadenectomy. Currently, three main 
perspectives exist on these boundaries: left side of the 
superior mesenteric vein (SMV), middle of the 
superior mesenteric artery (SMA), and left side of 
SMA. The key point under debate is whether it is 
possible to achieve a clean lymph node dissection at 
the third station while minimizing intraoperative 
bleeding and damage to autonomic nerves around 
SMA in order to shorten postoperative recovery time 
for gastrointestinal function[124–126]. 

5.2 Pharmacological Treatments 
The drug treatment of CRC can be divided into 

three main categories: chemotherapy drugs, 
immunotherapy drugs, and molecular targeted 
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agents. In terms of indications for drug treatment in 
colon cancer, it is recommended for stage II patients 
with high-risk factors and those with stage III or more 
advanced stages. The first- and second-line options 
for drug treatment involve chemotherapy regimens 
based on fluorouracil, oxaliplatin, and irinotecan, 
either alone or in combination with macromolecular 
targeted drugs. As a third-line standard treatment 
approach, a fruquintinib-based single-agent regimen 
is typically employed. Based on the differences in 
biological characteristics between proximal colon 
cancer and distal colon cancer, since 2020, the NCCN 
guidelines have clearly proposed distinct drug 
treatment strategies for colon cancer based on 
anatomical location[127]. 

5.2.1 Chemotherapy 
The proximal colon cancer exhibits heightened 

sensitivity to 5-fluorouracil chemotherapy regimens 
due to the prevalent occurrence of sporadic 
MSI-positive tumors, which are often accompanied by 
hypermethylation of the hMLH1 gene and positive for 
CIMP tumors characterized by concurrent 
methylation of multiple CpG islands. Notably, 
proximal colon cancer demonstrates a significantly 
higher DNA hypermethylation rate (4 to 13 times) 
compared to distal colon cancer. Among patients with 
locally advanced disease, those with MSI-positive 
tumors derive greater benefits from 
5-fluorouracil-based chemotherapy. Consequently, 
proximal colon cancer patients benefit more from 
5-fluorouracil-based chemotherapy than distal colon 
cancer patients[128]. On the contrary, the proportion 
of p53 overexpression in proximal colon cancer 
patients is lower than that in distal colon cancer, and 
the chemotherapy effect of oxaliplatin is better in CRC 
with p53 overexpression, so proximal colon cancer 
patients benefit less from oxaliplatin-based 
chemotherapy regimens[129]. Based on these 
findings, it can be inferred that the FOLFIRI 
(irinotecan + leucovorin + 5-fluorouracil) adjuvant 
chemotherapy regimen confers greater advantages for 
proximal colon cancer treatment than distal colon 
cancer cases, while the opposite holds true for the 
FOLFOX (5-fluorouracil + leucovorin + oxaliplatin) 
regimen. 

5.2.2 Immunotherapy Agents 
Current immunotherapeutic agents for CRC 

primarily target two mechanisms, namely 
programmed death receptor-1 (PD-1) and cytotoxic T 
lymphocyte-associated antigen-4 (CTLA-4). The PD-1 
monoclonal antibody pembrolizumab has 
demonstrated superior efficacy in mCRC patients 
with dMMR MSI-H, with significantly prolonged 

progression-free survival compared to chemotherapy 
while also presenting fewer treatment-related adverse 
events[130]. However, considering the relatively high 
prevalence of proficient mismatch repair proteins 
(pMMR) within the entire CRC population, a 
substantial proportion of patients do not derive 
benefits from immunotherapy. Therefore, further 
investigation into novel targeted therapies holds great 
promise. 

5.2.3 Molecularly Targeted Agents 
CRC molecular targeted drug therapy is widely 

used, but the effect of targeted therapy varies 
depending on the primary location of CRC. At 
present, the commonly used targeted drugs in clinical 
practice are mainly anti-vascular endothelial growth 
factor (VEGF) inhibitors and anti-EGFR. The 
representative drugs are bevacizumab and cetuximab. 
In patients with proximal colon cancer, the 
combination of chemotherapeutic agents and 
anti-VEGF or anti-EGFR monoclonal antibodies is less 
effective than in distal colon cancer[131], but still 
superior to regimens consisting solely of 
chemotherapeutic agents[132]. This combination 
therapy has the potential to improve patients' 
progression-free survival (PFS) and OS[133]. 

  As aforementioned, BRAF is more common in 
proximal colon cancer than distal colon cancer, and 
most mutations are BRAFV600E. A clinical trial 
demonstrated that colorectal cancer with BRAFV600E 
gene mutations responded to the combination 
treatment of vemurafenib with cetuximab and 
irinotecan[134]. Patients used vemurafenib + 
cetuximab + irinotecan (VAF group) has better PFS 
than cetuximab + irinotecan (control group). They 
also tested circulating tumor DNA (ctDNA) before 
and after treatment. 87% of VAF group patients 
demonstrated a reduction of BRAFV600E in the 
experimental arm, whereas no patients in the control 
group demonstrated reduction in ctDNA levels (P 
<0.001). Moreover, in this clinical trial, the proportion 
of proximal colon cancer higher than distal colon 
cancer and rectal cancer, but they didn’t perform 
subgroup analyses according to tumor location. 

  KRAS is another common mutations gene in 
proximal colon cancer, which also related with 
metastasis of colorectal cancer[135]. Therefore, KRAS 
targeted agents worth more attention among 
proximal colon cancer. Recently, targeted therapies 
for KRAS mutations are focused on the KRASG12C 
mutation, with representative drugs such as sotorasib 
and adagrasib. These drugs were initially used in 
non-small cell lung cancer, with less favorable 
outcomes observed in colorectal cancer as compared 
to non-small cell lung cancer. Interestingly, further 
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exploration has revealed that resistance to KRASG12C 
inhibitors stems from EGFR signaling, which is an 
upstream signal of KRAS. Consequently, it has been 
proposed that simultaneous inhibition of EGFR and 
KRASG12C should be pursued to overcome resistance 
to KRASG12C inhibitors in colorectal tumors[136]. 
Corresponding clinical trials have been conducted in a 
population of chemotherapy-refractory metastatic 
colorectal cancer patients, demonstrating that the 
combination of cetuximab (anti-EGFR monoclonal 
antibody) and KRASG12C inhibitor adagrasib is more 
effective than adagrasib monotherapy[137]. 
Additionally, another clinical trial demonstrated that 
increasing the dosage of the KRASG12C inhibitor 
sotorasib within a safe range can improve patients' 
PFS[138]. This trial also explored that proximal colon 
cancer subgroup treated with 960mg sorotasib + 
panitumumab has less disease-progression or death, 
comparing with distal colon cancer treated with same 
scheme. Therefore, it is valuable to select different 
molecular targeted therapies for treatment based on 
the location of the tumor. Currently, not every clinical 
trial focuses on the therapeutic effects in patients with 
tumors at different locations, and this is also one of 
the future directions for clinical trials or research. 

5.2.4 Alternative Therapies 
Although the drug treatment of CRC has 

reached a relatively advanced stage, it still faces 
challenges such as distant metastasis and tumor drug 
resistance, which are common in most malignant 
tumors. Cutting-edge research methods such as 
multi-omics have provided new directions for drug 
treatment of CRC, especially for mCRC. Relevant 
studies have compared the disparities between 
genomics and proteomics in CRC and made novel 

findings at the phosphorylated protein and protein 
levels. For instance, one study[139] utilized 
phosphoproteomic data analysis to propose a 
theoretical foundation for targeting retinoblastoma 
protein (Rb) phosphorylation in colon cancer; this 
study also observed reduced CD8 T cell infiltration in 
MSI-H tumors along with increased glycolysis, 
suggesting that glycolysis could be a potential target 
to overcome immune checkpoint blockade resistance 
in MSI-H tumors. Another study[140] involving 480 
clinical samples from 146 Chinese CRC patients, 
including 70 mCRC patients, found high genetic 
similarity between metastatic tissue and primary 
tumor but not at the proteomic level; kinase network 
analysis revealed significant heterogeneity between 
primary CRCs and their liver metastases, providing 
insights into predicting drug response to some extent. 
Further research on more personalized treatment 
regimens for CRC, including for proximal colon 
cancer, is still needed with the aim of improving 
treatment outcomes[141]. 

6. Conclusion 
With the improvement of people's living 

standards and advancements in medical care, CRC 
accounts for an increasing proportion of common 
malignant tumors and has garnered growing 
attention. Proximal colon cancer, as a distinct 
anatomical subtypes with a poorer prognosis, exhibits 
unique epidemiological characteristics, clinicopatho-
logical manifestations, biological behavioral features, 
and therapeutic responses. In the current era of rapid 
scientific research techniques and concepts, there 
remains ample room for further investigation into 
proximal colon cancer.  

 

Table 1. Characteristics of common CRC molecular markers in proximal colon cancer 

 

 Related Pathway Features in CRC Features in proximal colon cancer 
MMR DNA mismatch repair protein About 15% of the CRC is MSI[142], patients with MSI have better 

prognosis. 
MSI is much more prevalent in proximal colon cancer, 
with the highest proportion in patients with stage II 
proximal colon cancer, up to 20% to 25%[143]. 
MSI-H patients have  prolonged survival time. 

RAS RAS-RAF-MEK-ARK-MAPK 
signaling pathway[144] 

There are three types of mutations, KRAS, NRAS, and HRAS; when 
mutated, they can activate the downstream of the EGFR signaling 
pathway from the alternative pathway and promote tumorigenesis. 

KRAS mutations are more common in proximal colon 
cancer; 
anti-EGFR monoclonal antibody therapy is less 
effective in patients with mutated RAS. 

BRAF 
 

RAS-RAF-MEK-ARK-MAPK 
signaling pathway[144] 

Same as above, the most common form of mutation is V600E, which 
activates the above pathways after mutation and promotes 
tumorigenesis. 

More common in proximal colon cancer; higher 
proportion of MSI-H in patients with BRAF mutations. 

PIK3CA AKT pathway Oncogene, activated by mutation. Higher frequency in proximal colon cancer, CIMP-L 
and KRAS mutations. 

SMAD4 TGF-β pathway Tumor suppressor, loss of oncogenic function by mutation, leading 
to carcinogenesis. 
 

More common in proximal colon cancer; 
More common in colorectal adenocarcinomas with a 
mucinous component. 

CTNNB1 Wnt signaling pathway Abnormal activation after mutation, leading to cancer. More common in proximal colon cancer; 
The splenic flexure of the colon is the most common 
location. 

PTEN AKT pathway Tumor suppressor genes, lose their antagonistic effect on tyrosine 
kinase phosphorylation when mutated or deleted, then lead to the 
carcinogenesis. 

Most common in proximal colon cancer; 
more common in mucus histologically; 
associated with MSI-H, CIMP-H and BRAF mutations. 
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Through deeper research, clinicians should 
gradually recognize that proximal colon cancer not 
only signifies differences in anatomical location, but 
also encompasses a series of disparate biological 
behaviors compared to distal colon cancer and RC. A 
clearer understanding can greatly contribute to the 
treatment, diagnosis, and even prevention of 
proximal colon cancer. 
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