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Abstract: Background and Objectives: Mucinous adenocarcinoma (MAC) and mucinous
components (MCP) in colorectal cancers (CRC) have shown conflicting results regarding
their prognostic impact. This study aims to evaluate survival differences between MAC,
MCP, and non-mucinous adenocarcinoma (nMAC) in stage II and III CRC patients. Materials
and Methods: 224 CRC patients who underwent surgery between 2013 and 2021 were
analyzed retrospectively. Patients were classified as nMAC, MCP, or MAC based on the
percentage of extracellular mucin. Those who received neoadjuvant therapy, had stage I or
IV TNM disease, and emergency cases were excluded. Survival analysis was performed
using Kaplan-Meier curves and Cox regression models. Results: MAC patients showed
worse survival outcomes compared to nMAC (p = 0.025). No difference in survival was
found between MCP and nMAC (p = 0.055). Multivariate analysis identified MAC (OR:
2.814; p = 0.014) and perineural invasion (PNI) (OR: 2.283; p = 0.008) as independent factors
associated with worse survival. Kaplan—Meier analysis revealed MAC’s worse prognosis
than nMAC (p = 0.027). Conclusions: MAC was shown to have a worse prognosis than
nMAC in stage II and III CRC patients, while MCP survival rates were similar with nMAC.
These findings suggest that MAC requires more careful treatment approaches, while MCP
and nMAC have better survival rates. Further studies focusing on molecular and genetic
profiles are needed to better understand these outcomes.

Keywords: colorectal cancer; mucinous component; mucinous adenocarcinoma; prognosis;
overall survival

1. Introduction

Patient-specific treatment modalities are gaining importance in cancer patients with
each passing day [1]. Factors such as the localization of lesions, histological subtypes, and
immunohistochemical markers are associated with this topic in colorectal cancers [2,3].
Many studies have been conducted, particularly on the stage of colon cancer and the
integrity of the resected specimen, and research continues in this area.

The most common histological subtype of colorectal cancers (CRCs) is adenocarcinoma.
Mucinous CRC, on the other hand, is a rarer subtype. Unlike conventional adenocarci-
nomas, mucinous CRC is characterized by mucin components making up more than
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half of the tumor volume. While mucinous CRC accounts for approximately 20% of all
CRC adenocarcinomas, its prevalence is higher in Western countries and lower in Eastern
countries [4].

Mucinous colorectal cancers (MAC) are reported to originate more frequently from
the proximal colon compared to other colorectal adenocarcinomas when histopatholog-
ical characteristics are evaluated. They also exhibit a higher tendency for lymph node
infiltration and peritoneal metastasis [4,5]. Beyond macroscopic features, genetic predis-
positions play a role in MACs, with mutations in the B-RAF proto-oncogene (BRAF) and
v-Ki-ras2 (KRAS) being commonly observed. Both mutations lead to the activation of
the RAS/MAPK pathway, which results in increased cell proliferation and suppressed
apoptosis [6]. Additionally, it has been reported that 70% of MACs are associated with
microsatellite instability-high (MSI-H) and chromosomal instability [7]. Due to this genetic
profile, these patients may exhibit a better response to immunotherapy compared to other
subtypes and may have a more favorable prognosis. However, survival studies on MAC
present conflicting findings regarding prognosis, leading to an ongoing debate.

When evaluating the genetic alterations in pathology related to mucin production, it is
noted that mucin, which normally serves a protective secretory function beneath the epithe-
lium, exhibits different subtypes depending on its location throughout the gastrointestinal
system. In the human mucin family, secreted mucins have organ-specific characteristics.
During oncogenic activation, a decrease in or complete loss of mucus expression specific to
the affected region can be observed. Among mucin subtypes, Mucin-2 (MUC2), predomi-
nantly produced in the proximal colon, and MUC5AC, primarily expressed in gastric and
tracheobronchial epithelium, have been shown to play a role in the development of MAC.
These characteristics have led to the exploration of alternative treatment approaches for
MAC patients. In adenocarcinoma cases that contain mucin but have a mucin density of
less than 50%, although similarities in mutation types have been reported, their prognostic
trends have been shown to differ from those of MAC [8,9].

In studies investigating the relationship between mucinous histology (MH) subtypes
in colorectal adenocarcinomas and prognosis, no consistent conclusion has been reached.
When comparing colorectal carcinomas with at least 5% mucinous component to those
without, it has been shown that there is no independent factor affecting prognosis between
the groups [10]. In another retrospective analysis, it was demonstrated that patients
with MAC have similar survival rates to those with mucinous component (MCP) or non-
mucinous adenocarcinoma (nMAC) CRC. Additionally, it has been reported that when the
mucin content exceeds 70%, more poor prognostic indicators are identified, and survival is
negatively affected [11]. However, in contrast, a recent systematic review and meta-analysis
found that CRC patients with signet-ring cell (SC) or MAC are associated with later-stage
diagnosis, right-sided colon origin, higher recurrence rates, and worse prognosis compared
to other histological subtypes [12].

When colon and rectal cancers are evaluated separately, different outcomes are re-
ported in the literature. In stage 3 colon cancers, mucinous adenocarcinomas have been
shown to have a worse prognosis compared to other histological types, while this effect was
noted to be insignificant when compared with stage 2 cases [13]. In rectal cancers, studies
have also demonstrated that the presence of MAC is associated with poor prognosis [14].

In this patient group where there is still no clear consensus in the literature, genetic
phenotyping and microbiome analyses are ongoing to explain this situation. These studies
mainly focus on comparing MAC and SC histological subtypes, while studies that specifi-
cally compare MAC and MCP with nMAC are limited in the literature. This study aims to
evaluate whether the presence of MAC or MCP leads to a difference in survival compared
to other colorectal cancers.



Medicina 2025, 61, 456

3o0f14

2. Materials and Methods
2.1. Study Design and Ethical Approval

This retrospective cohort study examines the records of CRC patients who under-
went surgery at the Gastroenterologic Surgery Department of University of Health Sci-
ences Kosuyolu Training and Research Hospital. The study covered the period between
1 January 2013, and 31 December 2021. Ethical approval for the study was obtained be-
fore data collection, with decision number 2024 /05/794 from the Ethics Committee of the
same institution on 5 March 2024. The study followed the principles of the Declaration of
Helsinki and relevant ethical guidelines, ensuring that patient confidentiality and privacy
were strictly maintained throughout the research.

2.2. Inclusion Criteria

Patients were selected for the study according to specific criteria to maintain consis-
tency and align with the research goals. The inclusion criteria were as follows: patients
who underwent surgery for histologically confirmed TNM Stage 2 or Stage 3 CRC with a
curative surgical intent; those who underwent right hemicolectomy for cecum, ascending
colon, hepatic flexure, and transverse colon tumors, left hemicolectomy for left colon tu-
mors, or anterior resection for sigmoid colon tumors in accordance with the principles of
complete mesocolic excision; those who underwent low anterior resection or abdominoper-
ineal resection for rectal tumors in accordance with the total mesorectal excision principles;
patients older than 18 years; and those with complete clinicopathological features and
follow-up data.

2.3. Exclusion Criteria

To maintain the homogeneity and specificity of the study, the following exclusion
criteria were applied: patients who underwent palliative or emergency surgery, and those
who did not have an RO resection. Cases with inadequate dissection criteria (positive
surgical margins, surgical specimens with fewer than 12 lymph nodes or R1-2 resections)
were excluded to focus on complete and oncologically appropriate surgical procedures.
Additional exclusion criteria included patients not operated on according to oncological
principles, patients who were TNM stage I or IV, and those with postoperative follow-up
durations of less than 30 days. Lastly, to avoid bias in survival analysis, colon and rectal
cancer patients who had received neoadjuvant therapy were excluded from the study.

2.4. Data Collection

Demographic information, preoperative tumor markers, previous operation records,
history of neoadjuvant therapy, pathology data, operation durations, postoperative compli-
cations during follow-up, length of hospital stay (LOS), and survival data were retrospec-
tively reviewed for all patients. American Society of Anesthesiology (ASA) scores and Body
Mass Index (BMI) were recorded based on previous studies [15,16]. Preoperative histories
and, if available, treatment data were extracted from patient record systems. Postoperative
follow-up data were also collected from the patient record system when available; if un-
available, data were retrieved through the registered contact details. Only cancer-related
death patients were included. Variables related to pathology results and staging were classi-
fied according to the eighth edition of the Union for International Cancer Control-American
Joint Committee on Cancer (UICC-AJCC) TNM Classification System [17]. Patients” CRC
histological types were divided into three groups based on their MH: in accordance with
World Health Organization (WHO) criteria for the definition of mucinous components,
tumors in which extracellular mucin constitutes less than 5% of the tumor volume, were
classified as non-mucinous adenocarcinoma (nMAC); those with 5-50% mucin content



Medicina 2025, 61, 456

4of 14

were categorized as mucinous carcinoma with partial mucinous component (MCP); and
those with more than 50% mucin content were classified as mucinous adenocarcinoma
(MAC) [18]. Lastly, postoperative complications were evaluated and grouped as minor and
major based on the Clavien-Dindo Classification [19,20].

2.5. Surgery and Followup

Data was collected from 371 individuals who underwent surgery at our center between
2011 and 2021. Of this group, 136 were excluded for various reasons, including emergency
surgery (9 cases), palliative surgery (3 cases), a history of neoadjuvant treatment (51 cases),
TNM Stage I patients (49 cases), TNM Stage IV patients (17 cases), and missing data (7
cases). Additionally, three subjects were excluded due to a postoperative follow-up period
of less than 3 months. Another eight patients were excluded due to inadequate dissection
in pathology reports, including three patients with positive resection margins and five
patients with an inadequate lymph node count. The mortality data of the patients were
accessed from the national database, and only tumor-related deaths were included. For
those with recorded death dates, the duration from the surgery date to the date of death
was calculated to determine overall survival. Finally, 224 participants met the inclusion
criteria (Figure 1).

Patients Evaluated for Eligibility (n=371)

Patients with records for colorectal cancer surgery

Yy

Excluded (n=136)

Emergency Surgery (n=9)

Palliative Surgery (n=3)

Patients Received Neoadjuvant Treatment Prior to Surgery (n=51)
Stage | Patients (n=49)

Stage IV Patients (n=17)

Missing Data (n=7)

Patients Received Curative Surgical Treatment (n=235)

Y

Excluded (n=11)

Short postoperative surveillence (n=3)
Incomplete Resection Margins (n=3)

Inadequate Lymph Node Dysected Patients (n=5)

Finally Included and Analysed Patients (n=224)

Figure 1. Flowchart of the study design and patient data enrolment.

2.6. Statistical Analysis

The software IBM® SPSS® (Statistical Package for the Social Sciences) version 25
(IBM Corp., Armonk, NY, USA) was used for statistical analysis. The distribution of
numerical data was assessed using the Kolmogorov-Smirnov test. A normal distribution
was found for survival groups, where comparisons were made using Student’s t-test, while
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a normal distribution was observed for MH subtypes, which were compared using the
one-way ANOVA test. Qualitative data were presented as frequency and percentage.
Continuous data were shown as mean and standard deviation (SD) for parametric values.
Cox regression analysis was performed to evaluate factors influencing survival. Survival
analysis formed by using the Kaplan—-Meier method, with a significance level of 0.05 applied
to all tests.

3. Results

A total of 224 patients were included in the study. According to survival data,
168 patients were in the “alive” group, while 56 were in the “not-alive” group. There
were no T1 tumors in either group. The distribution of T2 tumors was similar between
the groups (3% vs. 3.6%). However, T3 tumors were more frequent in the alive group
(86.9% vs. 67.9%), whereas T4 tumors were more common in the not-alive group
(10.1% vs. 28.6%) (p = 0.003). When assessing the presence of perineural invasion (PNI),
it was found to be higher in the not-alive group (22.6% vs. 41.1%; p = 0.007). Regard-
ing MH subtypes, nMAC was more frequent in the alive group (76.8% vs. 58.9%), MCP
was similarly distributed between both groups (11.3% vs. 16.1%), and MAC was more
prevalent in the not-alive group (11.9% vs. 25.0%) (p = 0.025). Patients in the not-alive
group were older (62.02 £ 11.88 vs. 64.46 & 13.59; p = 0.015) and had longer hospital stays
(10.44 £ 7.08 vs. 13.63 + 12.77; p = 0.020). There were not differences for Gender, Tumor
location, N stage, Lymphovascular Invasion [LVI], Grade, TNM Stage, Complications,
BMI, ASA scores or anastomosis leak rates in the analysis between the survival groups
(p > 0.005) (Table 1).

Table 1. Demographic and Pathologic Variable Analysis Depending on Overall Survival.

Variables Alive Not Alive p, 1
n =168 (%75) n = 56 (%25)

Gender Male 107 (63.7%) 30 (53.6%) 0.178
Female 61 (36.3%) 26 (46.4%)

Tumor Site Caecum 25 (14.9%) 8 (14.3%) 0.709
Right Colon 40 (23.8%) 15 (26.8%)

Transverse Colon 8 (4.8%) 3 (5.4%)
Left Colon 13 (7.7%) 8 (14.3%)
Sigmoid Colon 55 (32.7%) 15 (26.8%)
Rectum 27 (16.1%) 7 (12.5%)
T Stage T2 5 (3.0%) 2 (3.6%) 0.003 **

T3 146 (86.9%) 38 (67.9%)
T4 17 (10.1%) 16 (28.6%)

N Stage NO 112 (66.7%) 33 (58.9%) 0.165
N1 37 (22.0%) 11 (19.6%)
N2 19 (11.3%) 12 (21.4%)

LVI Negative 113 (67.3%) 32 (57.1%) 0.170
Positive 55 (32.7%) 24 (42.9%)

PNI Negative 130 (77.4%) 33 (58.9%) 0.007 **

Positive 38 (22.6%) 23 (41.1%)

Grade Good 24 (14.3%) 6 (10.7%) 0.089
Moderate 129 (76.8%) 39 (69.6%)
Poor 15 (8.9%) 11 (19.6%)

TNM Stage I 114 (67.9%) 33 (58.9%) 0.223
I 54 (32.1%) 23 (41.1%)

Complications Minor 99 (59.0%) 33 (58.9%) 1.000

Major

69 (41.0%)

23 (41.1%)
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Table 1. Cont.

Variables Alive Not Alive p, 1
n =168 (%75) n = 56 (%25)
BMI Underweight 3 (1.8%) 0 (0.0%) 0.087
Normal Weight 56 (33.3%) 16 (28.6%)
Overweight 78 (46.4%) 21 (37.5%)
Obesity 31 (18.5%) 19 (33.9%)
ASA Score 1 2 (1.2%) 0 (0.0%) 0.113
2 44 (26.2%) 17 (30.4%)
3 118 (70.2%) 34 (60.7%)
4 4 (2.4%) 5 (8.9%)
Anastomosis o o
Leakage No 153 (91.1%) 49 (87.5%) 0.437
Yes 15 (8.9%) 7 (12.5%)
Mucinous Histology Non-Mucinous 129 (76.8%) 33 (58.9%) 0.025 *
Mucinous o o
Component 19 (11.3%) 9 (16.1%)
Mucinous o o
Carcinoma 20 (11.9%) 14 (25.0%)
Mean + SD ri
Alive Not Alive
Age 62.02 + 11.88 64.46 + 13.59 0.015*
LOS/Days 10.44 £+ 7.08 13.63 + 12.77 0.020 *
LVI: Lymphovascular Invasion, PNI: Perineural Invasion, BMI: Body Mass Index, ASA: American Society of
Anesthesiology, LOS: Length of Hospital Stay, SD: Standard Deviation, * p < 0.05, ** p < 0.01, t Chi-Square,
T Independent t Test.
When evaluated according to MH subtypes, differences were found in overall sur-
vival. While 20.3% of nMAC patients were in the not-alive group, this percentage was
32.1% for MCP patients and 41% for MAC patients (p = 0.025). All other variables includ-
ing demographic (Gender, BMI, ASA Score and Age) and clinicopathologic (Tumor Site,
T Stage, N Stage, LVI, PNI, Grade, TNM Stage, Complications, Anastomosis leak and LOS)
showed similar distributions among the histologic groups (p > 0.005) (Table 2).
Table 2. Demographic and Pathologic Variable Analysis Depending on Mucinous Histology Subtypes.
. nMAC MCP MAC
Variables (n = 162) (n = 28) (n = 34) p, T
Male 103 (63.6%) 17 (60.7%) 17 (50.0%) 0.335
Gender Female 59 (36.4%) 11 (39.3%) 17 (50.0%)
Caecum 21 (13.0%) 3 (10.7%) 9 (26.5%) 0.054
Right Colon 33 (20.4%) 10 (35.7%) 12 (35.3%)
. Transverse Colon 8 (4.9%) 3 (10.7%) 0 (0.0%)
Tumor Site Left Colon 14 (8.6%) 4 (14.3%) 3 (8.8%)
Sigmoid Colon 58 (35.8%) 5 (17.9%) 7 (20.6%)
Rectum 28 (17.3%) 3 (10.7%) 3 (8.8%)
T2 4 (2.5%) 1(3.6%) 2 (5.9%) 0.666
T Stage T3 136 (84.0%) 23 (82.1%) 25 (73.5%)
T4 22 (13.6%) 4 (14.3%) 7 (20.6%)
NO 108 (66.7%) 17 (60.7%) 20 (58.8%) 0.667
N Stage N1 34 (21.0%) 5 (17.9%) 9 (26.5%)
N2 34 (21.0%) 6 (21.4%) 5 (14.7%)
Negative 105 (64.8%) 16 (57.1%) 24 (70.6%) 0.544
LV Positive 57 (35.2%) 12 (42.9%) 10 (29.4%)
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Table 2. Cont.
. nMAC MCP MAC
Variables (n = 162) (n = 28) (0 = 34) p, 1
PNl Negative 115 (71.0%) 22 (78.6%) 26 (76.5%) 0.616
Positive 47 (29.0%) 6 (21.4%) 8 (23.5%)
Good 22 (13.6%) 3 (10.7%) 5 (14.7%) 0.151
Grade Moderate 126 (77.8%) 21 (75.0%) 21 (61.8%)
Poor 14 (8.6%) 4 (14.3%) 8 (23.5%)
11 108 (66.7%) 17 (60.7%) 20 (58.8%) 0.612
TNM Stage I 54 (33.3%) 11 (39.3%) 14 (41.2%)
Complications Minor 93 (57.4%) 18 (64.3%) 21 (61.8%) 0.741
Major 69 (42.6%) 10 (35.7%) 13 (38.2%)
Underweight 3 (1.9%) 0 (0.0%) 0 (0.0%) 0.555
Normal Weight 55 (34.0%) 10 (35.7%) 7 (20.6%)
BMI Overweight 71 (43.8%) 10 (35.7%) 18 (52.9%)
Obesity 33 (20.4%) 8 (28.6%) 9 (26.5%)
1 2 (1.2%) 0 (0.0%) 0 (0.0%) 0.208
2 39 (24.1%) 13 (46.4%) 9 (26.5%)
ASA Seore 3 113 (69.8%) 14 (50.0%) 25 (73.5%)
4 8 (4.9%) 1(3.6%) 0 (0.0%)
Anastomosis Negative 145 (89.5%) 27 (96.4%) 30 (88.2%) 0.481
Leak Positive 17 (10.5%) 1 (3.6%) 4 (11.8%)
Overall Alive 129 (79.6%) 19 (67.9%) 20 (58.8%) 0.025 *
Survival Not Alive 33 (20.4%) 9 (32.1%) 14 (41.2%)
Mean + SD F v 8§
Age 6294 +12.00 58.68 £ 13.04 6444 + 13.07 1.865 0.157
LOS 11174765  979+479 1274 + 15.15 0.853 0.428

nMAC: Non-mucinous Cancer, MCP: Mucinous Component, MAC: Mucinous Adenocarcinoma, LVI: Lympho-
vascular Invasion, PNI: Perineural Invasion, BMI: Body Mass Index, ASA: American Society of Anesthesiology,
LOS: Length of Hospital Stay, SD: Standard Deviatio, * p < 0.05, t Chi-Square, F: F-statistic used in ANOVA test,
§ One-way ANOVA test.

In the survival analysis using the Kaplan-Meier test, survival rates were found to be
similar between nMAC and MCP patients, although it was borderline (p = 0.055). However,
when comparing nMAC and MAC patients, MAC patients showing worse survival results
(p = 0.027) (Figures 2 and 3).

All variables associated with survival in Table 1 were subjected to univariate regression
analysis. While the T stage as a whole was found to be significant (p = 0.005), neither T3
tumors (Odds Ratio [OR]: 0.365, p = 0.610) nor T4 tumors (OR: 2.353, p = 0.345) demonstrated
a statistically significant difference compared to T2 tumors. The presence of perineural
invasion (PNI) was associated with a poorer prognosis (OR: 2.384, p = 0.008). Additionally,
mucinous histology (MH) was observed to be generally significant for survival (p = 0.029).
Although the presence of MCP appeared to influence survival, survival rates remained
similar (OR: 1.852, p = 0.170). In contrast, patients with MAC exhibited worse survival
outcomes compared to those with nMAC (OR: 2.74, p = 0.012) (Table 3).

Since all parameters were found to be significant, these variables were included in the
multivariate Cox regression analysis to evaluate their prognostic relation with mortality.
When evaluated alongside other factors (PNI and mucinous histology), the T stage remained
a significant predictor of survival (p = 0.031). However, none of its subcategories (T3, OR:
0.612, p = 0.580) (T4, OR:1.808, p = 0.532) were identified as independent risk factors for
survival. The presence of PNI was also identified as an independent risk factor for survival
(OR: 2.283, p = 0.020). Finally, when mucinous histology (MH) was evaluated alongside
T stage and PNI, it was identified as an independent risk factor for mortality (p = 0.030).
While the presence of MCP did not significantly impact prognosis (OR: 2.037, p = 0.133),
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the presence of MAC was found to be independently associated with increased mortality
(OR: 2.814, p = 0.014) (Table 3).

Survival
1.0 i T
‘I_\;h- —TNon-Mucinous
:_TEH_H_‘“"I--H ~TMucinous Component
1 i :
M"‘\-_“_'_H_HH_'_ - Mon-Mucinous-censored
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L':-n*r censored
L . L HHH
—_—e - & et
'™ DE | Srre——
= e
- -‘-]—»—»
=3
w
=
's] 0.4
0.2
go| Logrank p=0.0585
0.000 20.000 40.000 60.000 30.000 100.000 120.000
Months
Figure 2. Overall Survival Analysis of Colorectal Cancer Cases Depending on Mucinous Component
Presence.
Table 3. Cox Regression Analysis for Dependents Affecting Survival.
Univariate Multivariate
Prognostic Factors OR 95% CI p OR 95% CI p
T2 0.005 ** 0.031 *
T Stage T3 0.651 0.121-3.485 0.616 0.612 0.108-3.474 0.580
T4 2.353 0.398-13.900 0.345 1.808 0.282-11.586 0.532
PNI 2.384 1.253-4.538 0.008 ** 2.283 1.140-4.572 0.020 *
nMAC 0.029 * 0.030 *
MH MCP 1.852 0.768-4.466 0.170 2.037 0.805-5.152 0.133
MAC 2.736 1.251-5.986 0.012 * 2.814 1.233-6.418 0.014 *

PNI: Perineural Invasion, MH: Mucinous Histology, nMAC: Non-mucinous Cancer, MCP: Mucinous Component,
MAC: Mucinous Adenocarcinoma, OR: Odds Ratio, CI: Confidence Interval, * p < 0.05, ** p < 0.01.
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Figure 3. Overall Survival Analysis of Colorectal Cancer Cases Depending on Mucinous Carcinoma
Presence.

4. Discussion

In this study, it was shown that the presence of MAC negatively impacts prognosis
in colorectal cancers. No survival difference was found between nMAC and MCP. Based
on these results, it should be considered that stage 2 and 3 MAC patients may have a
shorter survival time. Therefore, the adjuvant treatment and follow-up processes for these
patients should be handled differently compared to nMAC patients, taking into account
other prognostic markers.

There are many variables that play a role in determining the prognosis of colorectal
cancers. Certain factors in histopathological examinations can also influence prognosis.
Therefore, not every patient is evaluated in the same way, and even among patients at the
same stage, survival expectations may differ. Basic factors such as stage, tumor perforation
and the quality of the surgical specimen are crucial, but more specific analyses, including
tumor microenvironment, microbiome studies, and genetic profile differences, have also
been observed to cause changes in survival outcomes [21,22].

Mucinous histology remains a histological variable without a clear consensus. Gen-
erally, MAC forms 10-13% of all CRCs in European and U.S. data. While the frequency
increases in patients over 65 years old in U.S. data, Chinese studies report a higher preva-
lence under the age of 50 [23]. Pathophysiologically, excess mucin production in MAC is
linked to chemoresistance, along with mutations in KRAS, BRAF, APC, and p53, contribut-
ing to delayed apoptosis [24,25]. The presence of MAC or MCP has also been reported to
negatively affect pathological complete response, with worse outcomes in terms of tumor
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downstaging and overall survival rates even in different neoadjuvant treatment strategies
in rectum cancers [14]. Despite these findings, survival analyses remain inconclusive.

When considering mucin secretion in conjunction with genetic factors, MUC2 and
MUCSAC expressions have been identified as the mucin markers most strongly associated
with mucinous histology (MH). In non-mucinous adenocarcinomas (nMACs), suppres-
sion of these markers has been linked to mucosal inflammation, which in turn promotes
epithelial proliferation and contributes to neoplastic transformations. Conversely, MUC2
overexpression has been recognized as a hallmark of mucinous adenocarcinoma (MAC).
However, when comparing the pathophysiology of MAC to that of nMACs, several tumor-
promoting mechanisms have been proposed. These include the formation of a mucin
barrier surrounding tumor cells, which serves as a physical shield against therapeutic
agents and immune responses, the suppression of apoptotic signaling pathways, p53 down-
regulation, and the inhibition of ligand expression necessary for immune cell activation
in the tumor microenvironment. This interplay highlights a paradoxical balance in the
oncologic outcomes of mucinous histology, where mucin production may simultaneously
promote tumor progression while influencing its response to therapy [26].

In a study from 2019, 224 CRC patients with MCP were compared to 499 stage-matched
nMAC patients. MCP was defined as having more than 5% extracellular mucin, which also
included MAC cases. The analysis found similar survival rates between both groups. It was
shown that, apart from tumor stage, no other variable had a significant effect on survival.
Even when comparing only MAC cases, there was no survival difference. In univariate
analysis, SC and MSI-High appeared significant, but multivariate analysis showed they
did not affect prognosis. However, most of the patients in that study were stage 3 and 4,
with 20% of nMAC and 35% of MCP cases being stage 4. This might limit the ability to see
the impact of MH or other prognostic markers. In our study, only stage 2 and 3 patients
were included. Like the mentioned study, patients who received neoadjuvant therapy were
excluded to ensure homogeneity. In our study, although borderline, similar survival rates
were found between MCP and nMAC cases. However, significant survival differences were
seen between MAC and nMAC cases [26].

In a similar study, 112 patients with MAC were matched with 336 patients with nMAC
and compared. Only patients who received postoperative adjuvant therapy were included
in the study. MAC patients were compared with nMAC and MRC patients. In their analysis,
both overall survival and disease-free survival were shown to be worse in the MAC group
and in Stage III patients. However, no difference in overall or disease-free survival was
observed between MAC and nMAC cases in Stage II patients. In our study, only Stage
IT and III patients were included, and similar survival rates were found in both stages.
However, overall survival was found to be lower in the presence of MAC. In our study,
patients with nMAC and those with only MCP were evaluated separately, and it was found
that survival rates were similar between these groups [13].

In another study, MAC and nMAC cases were compared. By including patients with
Stage I and Stage IV, a total of 372 patients were analyzed. The presence of MAC was
found to be associated with more T4 tumors, poor differentiation, and extranodal invasion.
Additionally, there was a significant decrease in both overall and disease-free survival times
in the presence of MAC. However, in multivariate analyses, MAC was not found to have
an effect on survival. In our study, the presence of MAC was shown to be an independent
factor affecting survival. We believe that the reason for this difference is the exclusion of all
stages, particularly metastatic cases, from our study [27].

In the most relevant study to our research, patients were classified according to the
presence of MAC, nMAC, and MCP based on their pathology reports. The study concluded
that the presence of MAC did not influence survival outcomes. However, in the ROC
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analysis conducted only on stage 2-3 patients, it was reported that survival was affected
when the mucinous component percentage was over 70%. Tumor localization in this study
was divided only into right or left colon, and rectal cancers, as well as patients who received
neoadjuvant therapy, were not specified. In contrast, our study demonstrated that the
presence of MAC negatively impacted survival, regardless of stage. However, this effect
was not observed in cases where MCP was present [11].

4.1. Future Directions

In our study, when analyzing the pathological data from the retrospective dataset,
variables such as age, T stage, and PNI—previously identified in the literature as associated
with survival—did not show significant differences in our cohort. Additionally, other
factors reported in previous studies, including tumor grade, N stage, TNM stage, and LVI,
exhibited a similar distribution across the three-group analysis.

Previous studies on clinicopathological characteristics of patients with mucinous
histology (MH) have found no significant differences, except for a higher frequency of
proximal tumor localization and lymph node involvement. Given this, it is expected that
genetic subtyping studies will provide more comprehensive insights into both tumor biol-
ogy and prognosis in patients with MH. Future large-scale cohort studies assessing mucin
production, particularly MUC2 and MUC5AC expression, alongside genetic mutations as-
sociated with CRC development, could provide a clearer understanding of the relationships
between nMAC, MCP, and MAC [4].

Furthermore, since MACs are more frequently observed in the proximal colon and
demonstrate a higher response to immunotherapy, prospective studies investigating the
underlying mechanisms of this association could yield valuable insights. Beyond well-
known genomic markers such as MSI, BRAF, and KRAS, evaluating molecular markers
specific to the proximal colon would be beneficial [24].

Notably, Farnesoid X receptors (FXR)—which are predominantly found in the mucosa
of the proximal colon and terminal ileum and play a crucial role in bile acid absorption
and immune modulation—have been implicated in the pathophysiological mechanisms of
CRC. FXR upregulation or downregulation exhibits a paradoxical proto-oncogenic effect
similar to the increase in or suppression of mucin density. It has been shown that when
MUC2 is downregulated and MUCI is overexpressed, the mucin layer diminishes, leading
to chronic inflammation and inhibition of apoptotic mechanisms. Similarly, excessive FXR
activation has been linked to reduced mucin secretion, contributing to inflammatory bowel
diseases and inflammation-associated neoplasms. A paradoxical pathology similar to
mucinous histology is also observed in cases where FXR downregulation leads to decreased
immune cell response and suppressed apoptosis which results in an aggressive behavior
in CRC [28]. The immunomodulating effects of FXR have also been presented correlation
with immunotherapy response in lung and breast cancers [29,30]. Given that both condi-
tions are more commonly associated with CRC tumors located in proximally located, and
similar immunotherapy response properties, future studies could incorporate FXR regu-
lation and MH assessment alongside established genetic risk factors to further elucidate
these mechanisms.

4.2. Strengths and Limitations

Our study has several limitations. Firstly, it was designed retrospectively. Although
we had complete access to overall survival data, due to patients receiving adjuvant therapy
at different centers, we were unable to obtain complete data on DFS, mutation analysis
records, and adjuvant treatment. Additionally, compared to other large-scale analyses in the
literature, our study has a smaller sample size. This situation may have led to the similar
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distribution of clinicopathologic factors, such as grade and lymph node involvement,
which could affect survival among the groups. The additional molecular mutations in
patients, which contribute to aggressive tumor behavior, could not be fully identified in
the reports. Therefore, this variable could not be included. A prospective study focusing
in comparison of KRAS, BRAF, APC, and p53 between the groups could provide more
valuable insights into this phenomenon. However, by excluding Stage I and Stage IV
patients, cases receiving neoadjuvant therapy, and patients with a history of emergency or
palliative surgery potential bias was minimized, and a more isolated prognosis assessment
was achieved.

In conclusion, our study found that MACs in Stage II-III colorectal cancers have
a worse prognosis compared to nMACs. However, this poor prognostic effect was not
observed in the presence of MCP. Larger-scale studies including only MAC or MCP patients,
with comprehensive prognostic factor assessments and molecular analyses, are needed for
further clarification of this conflicting issue.

5. Conclusions

In CRC patients, the presence of MAC negatively impacts prognosis, whereas the
overall survival of MCP patients follow a similar course to those of nMAC patients. Based
on postoperative pathology findings, different treatment strategies should be planned ac-
cording to MAC and MCP subtypes. It is anticipated that larger-scale studies incorporating
prognostic variables affecting disease-free survival and recurrence, as well as evaluating
mucinous component data alongside genetic mutations, will contribute to the development
of more patient-specific treatment modalities in the future.

Author Contributions: 1.C.A.: Conceptualization, Methodology, Investigation, Data Curation,
Writing—original draft, Writing—review and editing. M.T.: Conceptualization, Writing—original
draft. M.R.S.: Conceptualization. S.A.: Data Curation, Writing—original draft. A.O.S.: Data Curation,
Writing—original draft. O.U.: Supervision. S.G.: Formal analysis, Writing—review and editing.
E.P.: Supervision. M.D.: Supervision. All authors have read and agreed to the published version of
the manuscript.

Funding: The authors do not declare any funding for this study.

Institutional Review Board Statement: This study was conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki and approved by the University of Health Sciences
Kosuyolu High Specialization Education and Research Hospital Scientific Research Ethics Committee.
Ethical approval was obtained under protocol number 2024/05/794, with an approval date of
5 March 2024.

Informed Consent Statement: Patient consent was waived because this was a retrospective
cohort study.

Data Availability Statement: The datasets generated and analyzed during the current study are
available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest regarding the publication of
this article.

1. Sicklick, J.K.; Kato, S.; Okamura, R.; Schwaederle, M.; Hahn, M.E.; Williams, C.B.; De, P.; Krie, A.; Piccioni, D.E.;
Miller, V.A ; et al. Molecular profiling of cancer patients enables personalized combination therapy: The I-PREDICT study. Nat.
Med. 2019, 25, 744-750. [CrossRef] [PubMed]

2.  Tie, J.; Cohen, ].D.; Wang, Y.; Christie, M.; Simons, K.; Lee, M.; Wong, R.; Kosmider, S.; Ananda, S.; McKendrick, J.; et al.
Circulating Tumor DNA Analyses as Markers of Recurrence Risk and Benefit of Adjuvant Therapy for Stage III Colon Cancer.
JAMA Oncol. 2019, 5, 1710-1717. [CrossRef]


https://doi.org/10.1038/s41591-019-0407-5
https://www.ncbi.nlm.nih.gov/pubmed/31011206
https://doi.org/10.1001/jamaoncol.2019.3616

Medicina 2025, 61, 456 13 of 14

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Prabhakaran, S.; Kong, J.C. Individualized chemotherapy and immunotherapy for rectal cancer: The next step forward. ANZ J.
Surg. 2023, 93, 8-9. [CrossRef] [PubMed]

Luo, C; Cen, S.; Ding, G.; Wu, W. Mucinous colorectal adenocarcinoma: Clinical pathology and treatment options. Cancer
Commun. 2019, 39, 13. [CrossRef] [PubMed]

Lupinacci, RM.; Mello, E.S.; Coelho, EF; Kruger, J.A.P; Perini, M.V,; Pinheiro, R.S.; Fonseca, G.M.; Cecconello, I;
Herman, P. Prognostic implication of mucinous histology in resected colorectal cancer liver metastases. Surgery 2014, 155,
1062-1068. [CrossRef]

Bettington, M.; Walker, N.; Clouston, A.; Brown, I.; Leggett, B.; Whitehall, V. The serrated pathway to colorectal carcinoma:
Current concepts and challenges. Histopathology 2013, 62, 367-386. [CrossRef]

Boland, C.R.; Goel, A. Microsatellite instability in colorectal cancer. Gastroenterology 2010, 138, 2073-2087.e2073. [CrossRef]
Betge, J.; Schneider, N.I.; Harbaum, L.; Pollheimer, M.].; Lindtner, R.A.; Kornprat, P.; Ebert, M.P.; Langner, C. MUC1, MUC2,
MUCS5AC, and MUCS6 in colorectal cancer: Expression profiles and clinical significance. Virchows Arch. 2016, 469, 255-265.
[CrossRef]

Kufe, D.W. Mucins in cancer: Function, prognosis and therapy. Nat. Rev. Cancer 2009, 9, 874-885. [CrossRef]

van Zwam, PH.; Vink-Borger, E.M.; Bronkhorst, C.M.; de Bruine, A.P; van der Wurff, A.A.; Rutten, H.J.T.; Lemmens, V,;
Nagtegaal, I.D.; Hugen, N. Prognosis of mucinous colon cancer is determined by histological biomarkers rather than microsatellite
instability. Histopathology 2023, 82, 314-323. [CrossRef]

Yan, C.; Yang, H.; Chen, L.; Liu, R.; Shang, W.; Yuan, W.; Yang, F.; Sun, Q.; Xia, L. Clinical significance of mucinous component in
colorectal adenocarcinoma: A propensity score-matched study. BMC Cancer 2021, 21, 1286. [CrossRef]

Fadel, M.G.; Malietzis, G.; Constantinides, V.; Pellino, G.; Tekkis, P.; Kontovounisios, C. Clinicopathological factors and survival
outcomes of signet-ring cell and mucinous carcinoma versus adenocarcinoma of the colon and rectum: A systematic review and
meta-analysis. Discov. Oncol. 2021, 12, 5. [CrossRef] [PubMed]

Kim, S.; Huh, JJW.; Lee, W.Y,; Yun, S.H.; Kim, H.C.; Cho, Y.B.; Park, Y.; Shin, ].K. Prognostic Impact of Mucinous Adenocarcinoma
in Stage II and III Colon Cancer. Dis. Colon Rectum 2023, 66, 1473-1480. [CrossRef] [PubMed]

Zhang, J.; Xie, X.; Wu, Z.; Hu, H,; Cai, Y,; Li, J.; Ling, J.; Ding, M.; Li, W.; Deng, Y. Mucinous Adenocarcinoma Predicts Poor
Response and Prognosis in Patients with Locally Advanced Rectal Cancer: A Pooled Analysis of Individual Participant Data
From 3 Prospective Studies. Clin. Colorectal Cancer 2021, 20, e240—-248. [CrossRef] [PubMed]

Hendrix, ].M.; Garmon, E.H. American Society of Anesthesiologists Physical Status Classification System. In StatPearls; StatPearls
Publishing LLC: Treasure Island, FL, USA, 2025.

Watanabe, K.; Wilmanski, T.; Diener, C.; Earls, J.C.; Zimmer, A.; Lincoln, B.; Hadlock, ]J.J.; Lovejoy, J.C.; Gibbons, S.M.;
Magis, A.T.; et al. Multiomic signatures of body mass index identify heterogeneous health phenotypes and responses to a
lifestyle intervention. Nat. Med. 2023, 29, 996-1008. [CrossRef]

Amin, M.B.; Greene, FL.; Edge, S.B.; Compton, C.C.; Gershenwald, J.E.; Brookland, R.K.; Meyer, L.; Gress, D.M.; Byrd, D.R,;
Winchester, D.P. The Eighth Edition AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to a
more “personalized” approach to cancer staging. CA Cancer |. Clin. 2017, 67, 93-99. [CrossRef]

Ahadi, M.; Sokolova, A.; Brown, L; Chou, A.; Gill, A.J. The 2019 World Health Organization Classification of appendiceal,
colorectal and anal canal tumours: An update and critical assessment. Pathology 2021, 53, 454—461. [CrossRef]

Dindo, D.; Demartines, N.; Clavien, P.A. Classification of surgical complications: A new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann. Surg. 2004, 240, 205-213. [CrossRef]

Clavien, P.A.; Barkun, ].; de Oliveira, M.L.; Vauthey, ].N.; Dindo, D.; Schulick, R.D.; de Santibafies, E.; Pekolj, J.; Slankamenac, K,;
Bassi, C.; et al. The Clavien-Dindo classification of surgical complications: Five-year experience. Ann. Surg. 2009, 250, 187-196.
[CrossRef]

Reynolds, 1.S.; O’Connell, E.; Fichtner, M.; McNamara, D.A.; Kay, EW.; Prehn, ] H.M.; Furney, S.J.; Burke, ]J.P. Mucinous
adenocarcinoma of the colon and rectum: A genomic analysis. J. Surg. Oncol. 2019, 120, 1427-1435. [CrossRef]

Quaglio, A.E.V,; Grillo, T.G.; De Oliveira, E.C.S.; Di Stasi, L.C.; Sassaki, L.Y. Gut microbiota, inflammatory bowel disease and
colorectal cancer. World J. Gastroenterol. 2022, 28, 4053-4060. [CrossRef] [PubMed]

Huang, A.; Yang, Y,; Shi, ].Y.; Li, YK,; Xu, ].X,; Cheng, Y.; Gu, ]. Mucinous adenocarcinoma: A unique clinicopathological subtype
in colorectal cancer. World |. Gastrointest. Surg. 2021, 13, 1567-1583. [CrossRef]

O’Connell, E.; Reynolds, I.S.; McNamara, D.A.; Burke, ].P,; Prehn, ].H.M. Resistance to Cell Death in Mucinous Colorectal
Cancer—A Review. Cancers 2021, 13, 1389. [CrossRef] [PubMed]

Cantero-Recasens, G.; Alonso-Marafién, J.; Lobo-Jarne, T.; Garrido, M.; Iglesias, M.; Espinosa, L.; Malhotra, V. Reversing
chemorefraction in colorectal cancer cells by controlling mucin secretion. eLife 2022, 11, €73926. [CrossRef] [PubMed]

Gonzalez, R.S.; Cates, ]. M.M.; Washington, K. Associations among histological characteristics and patient outcomes in colorectal
carcinoma with a mucinous component. Histopathology 2019, 74, 406—414. [CrossRef] [PubMed]


https://doi.org/10.1111/ans.18235
https://www.ncbi.nlm.nih.gov/pubmed/36797850
https://doi.org/10.1186/s40880-019-0361-0
https://www.ncbi.nlm.nih.gov/pubmed/30922401
https://doi.org/10.1016/j.surg.2014.01.011
https://doi.org/10.1111/his.12055
https://doi.org/10.1053/j.gastro.2009.12.064
https://doi.org/10.1007/s00428-016-1970-5
https://doi.org/10.1038/nrc2761
https://doi.org/10.1111/his.14818
https://doi.org/10.1186/s12885-021-09031-9
https://doi.org/10.1007/s12672-021-00398-6
https://www.ncbi.nlm.nih.gov/pubmed/35201441
https://doi.org/10.1097/DCR.0000000000002733
https://www.ncbi.nlm.nih.gov/pubmed/37260257
https://doi.org/10.1016/j.clcc.2021.06.004
https://www.ncbi.nlm.nih.gov/pubmed/34334298
https://doi.org/10.1038/s41591-023-02248-0
https://doi.org/10.3322/caac.21388
https://doi.org/10.1016/j.pathol.2020.10.010
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1097/SLA.0b013e3181b13ca2
https://doi.org/10.1002/jso.25764
https://doi.org/10.3748/wjg.v28.i30.4053
https://www.ncbi.nlm.nih.gov/pubmed/36157114
https://doi.org/10.4240/wjgs.v13.i12.1567
https://doi.org/10.3390/cancers13061389
https://www.ncbi.nlm.nih.gov/pubmed/33808549
https://doi.org/10.7554/eLife.73926
https://www.ncbi.nlm.nih.gov/pubmed/35131032
https://doi.org/10.1111/his.13748
https://www.ncbi.nlm.nih.gov/pubmed/30160323

Medicina 2025, 61, 456 14 of 14

27.

28.

29.

30.

Tiimay, V.; Guner, O.S. The association of mucinous histology with clinicopathological characteristics and long-term oncological
outcome in patients with colorectal cancer. Ann. Ital. Chir. 2020, 91, 639-648.

Zhou, M.; Wang, D.; Li, X.; Cao, Y.; Yi, C.; Wiredu Ocansey, D.K.; Zhou, Y.; Mao, F. Farnesoid-X receptor as a therapeutic target for
inflammatory bowel disease and colorectal cancer. Front. Pharmacol. 2022, 13, 1016836. [CrossRef]

You, W.; Li, L,; Sun, D,; Liu, X;; Xia, Z;; Xue, S.; Chen, B.; Qin, H,; Aj, ]J.; Jiang, H. Farnesoid X Receptor Constructs an
Immunosuppressive Microenvironment and Sensitizes FXRM8'PD-L1°" NSCLC to Anti-PD-1 Immunotherapy. Cancer Inmunol.
Res. 2019, 7,990-1000. [CrossRef]

Giaginis, C.; Karandrea, D.; Alexandrou, P.T.; Giannopoulou, I.; Tsourouflis, G.; Troungos, C.; Danas, E.; Keramopoulos, A.;
Patsouris, E.S.; Nakopoulou, L.; et al. High Farnesoid X Receptor (FXR) expression is a strong and independent prognosticator in
invasive breast carcinoma. Neoplasma 2017, 64, 633-639. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3389/fphar.2022.1016836
https://doi.org/10.1158/2326-6066.CIR-17-0672
https://doi.org/10.4149/neo_2017_420

	Introduction 
	Materials and Methods 
	Study Design and Ethical Approval 
	Inclusion Criteria 
	Exclusion Criteria 
	Data Collection 
	Surgery and Followup 
	Statistical Analysis 

	Results 
	Discussion 
	Future Directions 
	Strengths and Limitations 

	Conclusions 
	References

