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Abstract
Purpose  This study aimed to investigate the clinical significance of E-cadherin expression levels in colorectal cancer 
tissues and explore the relationship between E-cadherin expression and tumor node metastasis (TNM) stage. The 
goal was to establish a more accurate prognostic prediction for colorectal cancer patients by analyzing E-cadherin 
expression levels alongside TNM staging.

Methods  The study examined colorectal cancer patients by dividing them into groups based on E-cadherin 
expression levels. It then assessed their 5-year event-free survival (EFS) and disease-specific survival (DSS) hazard 
ratios (HRs). Additionally, the prognosis of patients was analyzed by combining E-cadherin expression levels with TNM 
staging, particularly focusing on patients in stages III and IV.

Results  The E-cadherinLow group had significantly worse outcomes, with HRs of 2.30 for EFS and 2.76 for DSS 
compared to the E-cadherinHigh group. When combined with TNM stage III/IV, patients with E-cadherinLow expression 
showed a poor prognosis, with HRs of 1.93 for EFS and 2.35 for DSS compared to those with E-cadherinHigh expression 
at the same TNM stage.

Conclusions  Low levels of E-cadherin expression are associated with a poor prognosis and decreased survival 
in colorectal cancer patients. Combining E-cadherin expression levels with TNM staging provides a more precise 
prediction of patient prognosis and survival, potentially guiding personalized treatment strategies.

Keywords  Colorectal cancer, E-cadherin, Prognosis, TNM staging
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Introduction
Colorectal cancer (CRC) is one of the most common 
malignant tumors in humans, causing significant mor-
tality and burden [1]. Despite advances in treatment, the 
5-year survival rate for CRC remains at approximately 
60–70%, and for metastatic CRC, it drops drastically to 
around 14% [2]. These statistics highlight the urgent need 
to understand the mechanisms driving CRC progression 
and metastasis. One of the critical processes involved in 
cancer metastasis is the epithelial-mesenchymal tran-
sition (EMT), which allows epithelial cells to acquire 
mesenchymal properties, increasing their motility and 
invasiveness [3]. EMT is not only a key driver of metasta-
sis but is also associated with resistance to conventional 
therapies, which further contributes to the poor prog-
nosis of metastatic CRC [4]. Therefore, elucidating the 
molecular mechanisms underlying EMT in CRC could 
provide valuable insights into improving diagnosis, treat-
ment strategies, and prognosis prediction.

E-cadherin (E-cad) is a cell–cell adhesion molecule that 
regulates tissue production, epithelial stabilization, and 
differentiation. In normal cells, E-cad expression plays 
an important role in tissue structure and maintenance. 
In contrast, in tumor cells, E-cad expression is reduced, 
causing epithelial conversion to a mesenchymal-like form 
[5, 6]. Downregulation of E-cad expression occurs in the 
first step of the invasion–metastasis cascade, allowing 
CRC cells to detach from one another and nearby nor-
mal or cancer cells. This eventually leads to the release 
of vascular endothelial growth factor (VEGF) and other 
proangiogenic factors, promoting the migration of CRC 
cells into the bloodstream [2].

Several in vitro and in vivo studies have verified that 
downregulation of E-cad expression is the first step 
in cancer metastasis and EMT, and accordingly, many 
mechanisms related to E-cad have been identified [7, 8]. 
However, only few studies have investigated the clini-
cal significance of E-cad expression levels. Several stud-
ies have confirmed that reduced E-cad is correlated with 
various types of carcinomas, including CRC, breast can-
cer, sarcoma, and ovarian cancer [9–12]. Most studies 
that aimed to identify the underlying mechanisms and 
clinical significance of E-cad, especially in patient prog-
nosis, simply confirmed the association of prognosis with 
E-cad expression [13, 14].

Previous studies have shown that decreased E-cad 
expression in CRC is associated with poor patient prog-
nosis. However, it remains unclear whether combining 
E-cadherin expression levels with TNM (Tumor, Node, 
Metastasis) staging can effectively predict prognosis in 
clinical practice. TNM staging is widely used in oncology 
to stratify patients into prognostic groups, guiding treat-
ment decisions and predicting outcomes [15, 16]. Clini-
cally, it helps determine the severity of cancer and tailor 

appropriate therapies. However, TNM has limitations in 
accounting for the biological diversity of tumors and the 
influence of emerging molecular factors. Despite these 
drawbacks, it remains a critical tool in cancer diagnosis 
and management. In light of these challenges, and con-
sidering the growing importance of clinically meaningful 
biomarkers in reverse translational research, we aimed to 
confirm the clinical significance of E-cad levels by evalu-
ating it alongside TNM staging and survival rates, which 
are crucial in real-world clinical settings.

Methods
Patient population and clinical specimens
This study included 597 patients diagnosed with CRC at 
Gachon University Gil Medical Center between January 
2009 and January 2013. Clinical specimens consisted of 
primary CRC tissues preserved in paraffin blocks after 
surgery. Patients with recurrent CRC, those with previ-
ous surgeries that altered the normal intestinal structure 
of the colon, those who had undergone chemotherapy or 
abdominal radiotherapy before CRC surgery, and those 
treated for other cancers were excluded. The study was 
approved by the Gachon University Gil Medical Center 
IRB (GBIRB2023-224).

Clinicopathologic factors
Clinicopathological analysis included variables such 
as age, sex, diabetes mellitus, smoking history, family 
history, anemia, white blood cell (WBC) count, carci-
noembryonic antigen (CEA) level, tumor location, differ-
entiation, and TNM stage. Smoking history was defined 
as either past or current smoking. Family history referred 
to the occurrence of CRC cases in first-degree rela-
tives. Anemia was defined as a hemoglobin level of less 
than 13 g/dL for men and less than 12 g/dL for women. 
Abnormal WBC counts were characterized by either leu-
kocytosis (more than 10,000 cells/L) or leukopenia (less 
than 4,000 cells/L). Abnormal CEA levels were identified 
as those exceeding 5 ng/mL.

CRC was classified into left-sided CRC (LCC) and 
right-sided CRC (RCC) based on the location of the 
primary tumor. LCC included tumors located at the 
splenic flexure and distal regions, including the rectum, 
while RCC encompassed tumors from the cecum to the 
ascending and transverse colons [17]. CRC tumors were 
further classified as either differentiated or undifferenti-
ated. Differentiated tumors included well-differentiated 
(WD) and moderately differentiated (MD) tumors, while 
undifferentiated tumors comprised poorly differentiated 
(PD) tumors, tumors with signet ring cells, and mucinous 
carcinomas.
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Tissue microarray and immunohistochemistry
We used tissue microarray (TMA) for clinical valida-
tion of patients with CRC using the method we have 
previously reported [18, 19]. Paraffin-embedded tumor 
blocks were sliced ​​into 4-µm-thick sections, stained 
using hematoxylin and eosin, and histopathologically 
observed. We selected tumor cores to capture the intrin-
sic characteristics of the tumor epithelium while ensur-
ing stable and reproducible results across patients. Two 
tumor cores were marked in each corresponding tis-
sue block. Cylindrical tissue samples with a diameter of 
2 mm were extracted and transferred to a new pathology 
block using a TMA machine. Cylindrical tissue samples 
from 69 patients were inserted into a single pathology 
block to create a new TMA block. TMA slides were 
baked, deparaffinized, rehydrated, and recovered. To 
prevent non-specific staining, TMA slides were prein-
cubated with 10% normal goat serum (#31872, Invitro-
gen, Danvers, MA, USA) for 30 min and then placed in 
a humidified container containing E-cad antibody (1:40 

dilution, ab40772, Abcam, Cambridge, UK) and incu-
bated overnight at 4 ℃. A non-biotin horseradish per-
oxidase detection system (Leica Bond-III system, GmbH, 
Germany) was used to treat the tissue slides according to 
the manufacturer’s instructions. E-cad protein expres-
sion scores ranged from 0 to 3; with 0 indicating faint 
and rare immunostaining, 1 indicating focal and weak 
staining, 2 indicating moderate and diffuse staining, and 
3 indicating strong and diffuse staining (Fig.  1). In this 
study, two pathologists with over eight years of experi-
ence in tertiary hospitals conducted the expression scor-
ing in a blinded manner. Each pathologist independently 
evaluated the staining results without prior knowledge of 
patient data. In cases where their scoring differed, a con-
sensus was reached through mutual discussion, ensuring 
accuracy and consistency in the assessments. To simplify 
prognosis interpretation, patients with grade 0 (E-cadlow) 
were distinguished from those with grades 1–3 (E-cad-
high). This classification reflects the biological significance 
of E-cadherin loss (grade 0), associated with EMT and 

Fig. 1  Classification of E-cadherin expression scores according to intensity of immunohistochemical staining. (A) Score 0, faint and rare staining; (B) Score 
1+, focal and weak staining; (C) Score 2+, moderate and diffuse staining; (D) Score 3+, strong and diffuse staining. Original magnification, 400×
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aggressive tumor behavior, while partial retention (grades 
1–3) suggests less invasiveness, enabling meaningful 
stratification of colorectal cancer prognosis.

Survival rate analysis
To confirm the clinical significance of E-cad, event-free 
survival (EFS) and disease-specific survival (DSS) were 
analyzed according to E-cad expression levels. EFS was 
defined as the time from surgery to the first event, which 
included cancer progression, recurrence, and CRC-
related mortality. DSS was defined as the time from sur-
gery to death due to CRC, excluding death from diseases 
other than CRC. Patients with CRC were classified into 
four groups for survival prediction based on TNM stage 
and E-cad expression; (1) Group 1: E-cadHigh and TNM 
stages I/II, (2) Group 2: E-cadLow and TNM stages I/II, (3) 
Group 3: E-cadHigh and TNM stages III/IV, (4) Group 4: 
E-cadLow and TNM stages III/IV. EFS and DSS were then 
analyzed according to E-cad expression levels and reflect-
ing the TNM stage.

Statistical analysis
Continuous variables are expressed as means ± standard 
deviation, whereas categorical variables are represented 
as absolute numbers and percentages. The chi-square test 
was used to determine the relationship between E-cad 
expression and clinical data. Survival curves were plot-
ted using the Kaplan–Meier method with the log-rank 
test. Cox proportional hazards (CPH) regression was 
used for survival analysis. All survival analyses were per-
formed using R version 4.0 and the survival and forest 
model packages. Statistical significance was set at P < 0.05 
(two-tailed).

Results
Baseline characteristics
Table  1 shows the baseline characteristics of the study 
population. The mean age of the 597 patients was 
64.4 ± 11.5 years; 366 patients (61.3%) were male; and 
the mean tumor size was 52.5 ± 23.1  mm. The mean 
hemoglobin, WBC, and CEA levels were 12.2 ± 2.4  g/
dL, 7,661.1 ± 2,955.5/µL, and 65.7 ± 356.2 ng/mL, respec-
tively. Common tumor locations included the rectum 
(n = 151, 25.3%), sigmoid colon (n = 149, 25.0%), and 
ascending colon (n = 100, 16.8%). The degree of differen-
tiation of most tumors was MD, with 506 (84.8%) cases. 
When the patients were classified according to TNM 
stage, 102 (17.1%) were stage I, 217 (36.3%) were stage II, 
205 (34.3%) were stage III, and 73 (12.2%) were stage IV.

Differences in clinicopathological characteristics according 
to E-cad expression
Table 2 shows the clinicopathological differences accord-
ing to E-cad expression levels. E-cad protein expression 
scores ranged from 0 to 3. We classified E-cadLow and 
E-cadHigh groups according to E-cad expression scores 
of 0–1 and 2–3, respectively. E-cadHigh was identified in 
565/597 (94.6%) patients. Univariate analysis revealed 
statistically significant differences in tumor location 
(P = 0.009) and differentiation status (P = 0.001) with 
respect to E-cad expression, but no statistically signifi-
cant difference was found for age, gender, diabetes mel-
litus, smoking, family history of CRC, anemia, WBC 
count, CEA level, and TNM stage. According to the 
multivariate analysis, tumor location (OR: 0.396; 95% CI: 
0.183–0.856; P = 0.019) and differentiation status (OR: 
0.066; 95% CI: 0.032–0.143; P = 0.019) were identified as 
significant independent prognostic factors.

These significant variables, namely differentiation sta-
tus and tumor location, were cross-analyzed to con-
firm the differences according to E-cad expression level. 
Among patients with high E-cad expression, 74.1% 
had LCC and 25.9% had RCC, while in patients with 
decreased E-cad expression, 53.1% had LCC and 46.9% 
had RCC. The ratios of differentiated and undifferentiated 

Table 1  Baseline characteristics
Total (n = 597)

Age 64.4 ± 11.5
Sex
  Male 366 (61.3%)
  Female 231 (38.7%)
Histology
  Size (mm) 52.5 ± 23.1
Laboratory findings
  Hemoglobin (g/dL) 12.2 ± 2.4
  WBC (103/µL) 7.7 ± 3.0
  CEA (ng/mL) 65.7 ± 356.2
Location
  Cecum 14 (2.3%)
  Ascending colon 100 (16.8%)
  Hepatic flexure 9 (1.5%)
  Transverse colon 38 (6.4%)
  Splenic flexure 5 (0.8%)
  Descending colon 18 (3.0%)
  Sigmoid descending 5 (0.8%)
  Sigmoid colon 149 (25.0%)
  Rectosigmoid colon 108 (18.1%)
  Rectum 151 (25.3%)
Pathology
  WD 40 (6.7%)
  MD 506 (84.8%)
  PD 24 (4.0%)
  Mucinous 25 (4.2%)
  SRC 2 (0.3%)
TNM stage
  I 102 (17.1%)
  II 217 (36.3%)
  III 205 (34.3%)
  IV 73 (12.2%)
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tumors in LCC with high E-cad expression were 95.4% 
and 4.6%, respectively. In contrast, these ratios were 
58.8% and 41.2% in LCC tumors with low E-cad expres-
sion (P < 0.001). Similarly, the ratios of differentiated 

and undifferentiated tumors in RCC with high E-cad 
expression was 89.0% and 11.0%, respectively, and 40.0% 
and 60.0%, respectively, in RCC tumors with low E-cad 
expression (P < 0.001) (Fig. 2).

Table 2  Correlation of clinicopathological characteristics with E-cadherin status
Variables Univariate Multivariate

Total (n = 597) E-cadherin
(n = 32), Low

E-cadherin
(n = 565), High

P OR (CI) P

Age (y) 0.971 0.707
  <65 278 (46.6%) 15 46.9%) 263 (46.9%) 1 (Reference)
  ≥65 319 (53.4%) 17 (53.1%) 302 (53.5%) 1.158 (0.539–2.488)
Sex 0.374 0.167
  Male 366 (61.3%) 22 (68.8%) 344 (60.9%) 1 (Reference)
  Female 231 (38.7%) 10 (31.3%) 221 (39.1%) 1.789 (0.783–4.084)
Diabetes mellitus 0.146 0.175
  No 487 (81.6%) 23 (71.9%) 464 (82.1%) 1 (Reference)
  Yes 110 (18.4%) 9 (28.1%) 101 (17.9%) 0.559 (0.245–1.296)
Smoking 0.788 0.839
  No 458 (76.6%) 26 (81.2%) 467 (82.7%) 1 (Reference)
  Yes 104 (17.4%) 6 (18.8%) 98 (17.3%) 0.909 (0.365–2.268)
Family history 0.153 0.217
  No 571 (95.6%) 29 (90.6%) 542 (95.9%) 1 (Reference)
  Yes 26 (4.4%) 3 (9.4%) 23 (4.1%) 0.416 (0.103–1.677)
Anemia 0.415 0.974
  No 303 (50.8%) 14 (43.8%) 289 (51.2%) 1 (Reference)
  Yes 294 (49.2%) 18 (56.3%) 276 (48.8%) 0.987 (0.443–2.199)
WBC counts 0.328 0.516
  Normal 503 (84.3%) 25 (78.1%) 478 (84.6%) 1 (Reference)
  Abnormal 94 (15.7%) 7 (21.9%) 87 (15.4%) 0.741 (0.301–1.828)
Serum CEA 0.244 0.329
  Normal 444 (74.4%) 21 (65.6%) 423 (74.9%) 1 (Reference)
  Abnormal 153 (25.6%) 11 (34.4%) 142 (25.1%) 0.673 (0.305–1.489)
Tumor location 0.009 0.019
  LCC 436 (73.0%) 17 (53.1%) 419 (73.0%) 1 (Reference)
  RCC 161 (27.0%) 15 (46.9%) 146 (25.8%) 0.396 (0.183–0.856)
Tumor differentiation status 0.001 0.001
  Differentiated 545 (91.3%) 16 (50.0%) 530 (93.8%) 1 (Reference)
  Undifferentiated 52 (8.7%) 16 (50.0%) 35 (6.2%) 0.066 (0.032–0.143)
TNM stage 0.063 0.985
  I/II 319 (54.3%) 12 (37.5%) 307 (54.3%) 1 (Reference)
  III/IV 278 (46.6%) 20 (62.5%) 278 (46.6%) 0.996 (0.684–1.451)

Fig. 2  Flow chart of patient groups according to E-cadherin expression, tumor differentiation, and location
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Low E-cad expression is associated with poor prognosis
We performed a survival analysis using the Kaplan–
Meier method to evaluate the association between 
E-cad expression and the 5-year EFS rate. The 5-year 
EFS rate was 51.6% for the E-cadLow group and 72.9% 
for the E-cadHigh group (P = 0.002). The median 5-year 
EFS for the E-cadLow group was 1,195.4 days, compared 
to 1,501.2 days for the E-cadHigh group. Additionally, the 
hazard ratio (HR) for the E-cadLow group was 2.3 (Cox 
proportional hazards (CPH) model adjusted for age and 
sex, 95% confidence interval [CI]: 1.35–3.92, P = 0.002) 
when compared to the E-cadHigh group (Fig. 3A and C).

In addition, the same analysis was performed to evalu-
ate the association between E-cad expression levels and 
the 5-year DSS rate. The 5-year DSS rate was 51.6% for 
the E-cadLow group and 76.6% for the E-cadHigh group 
(P = 0.0001). The median 5-year DSS for the E-cadLow 
group was 1,214.9 days, compared to 1,565.7 days for 
the E-cadHigh group. The HR for the 5-year DSS in the 
E-cadLow group was 2.76 (CPH model adjusted for age 
and sex, 95% CI: 1.62–4.72, P < 0.001) when compared to 
the E-cadHigh group (Fig. 3B and D). Thus, analysis of the 
correlation between the E-Cad expression level and the 

5-year EFS rate or DSS rate confirmed that patients with 
CRC had a poor prognosis when the E-Cad expression 
level was low.

Clinical significance of combined TNM staging and E-cad 
expression analysis in patients with CRC
To more accurately determine the clinical impact of 
E-cad expression on the prognosis of patients with CRC, 
we performed survival analysis by combining E-cad 
expression and TNM stage. We classified the patients 
into four subgroups based on E-cad expression and TNM 
stage: Group 1 (E-cadHigh and TNM stages I/II, n = 307), 
Group 2 (E-cadLow and TNM stages I/II, n = 12), Group 3 
(E-cadHigh and TNM stages III/IV, n = 258), and Group 4 
(E-cadLow and TNM stages III/IV, n = 20).

The HR of 5-year EFS was 2.30 (CPH model adjusted 
for age and sex, 95% CI: 0.71–7.44, P = 0.16) in Group 
2, compared with Group 1. The HRs for Groups 3 and 
4, compared to Group 1, were 4.27 (95% CI: 2.98–6.12, 
P < 0.001) and 8.13 (95% CI: 4.35–15.19, P < 0.001), 
respectively, according to a CPH model adjusted for age 
and sex (Fig. 4A and C). In the DSS analysis, the HR of 
5-year DSS was 2.85 (CPH model adjusted for age and 

Fig. 3  Lower E-cadherin expression in colorectal cancer (CRC) is associated with poorer prognosis. Kaplan–Meier curves showing the 5-year event-free 
survival (EFS) (A and C) and disease-specific survival (DSS) (B and D) in patients with CRC according to E-cadherin expression
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Fig. 4  Low E-cadherin expression is associated with poorer prognosis compared to high E-cad expression at the same colorectal cancer stage. Kaplan–
Meier curves showing the 5-year event-free survival (EFS) (A and C) and 5-year disease-specific survival (DSS) (B and D) based on the combination of E-cad 
expression and TNM stage. (E and F) The hazard ratio of 5-year EFS and DSS in Stage III and IV colorectal cancer based on E-cad expression
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sex, 95% CI: 0.87–9.28, P = 0.08) in Group 2, 4.49 (CPH 
model adjusted for age and sex, 95% CI: 3.03–6.67, 
P < 0.001) in Group 3, and 10.52 (CPH model adjusted for 
age and sex, 95% CI: 5.53–20.03, P < 0.001) in Group 4; all 
groups were compared to Group 1 (Fig. 4B and D).

To evaluate the HR based on E-cad expression in 
patients with the same TNM stage, we performed addi-
tional survival analyses on patients in Groups 3 and 4. 
The HRs for 5-year EFS and DSS in Group 4 compared 
to Group 3 were 1.93 (adjusted CPH model for age and 
sex, 95% CI: 1.09–3.44, P = 0.03) and 2.35 (adjusted CPH 
model for age and sex, 95% CI: 1.31–4.21, P = 0.002), 
respectively (Fig. 4E and F). These data indicate that low 
E-cad expression in patients with the same TNM stage is 
associated with poor prognosis.

The HRs for the 5-year EFS and DSS in Group 4 were 
1.93 (CPH model adjusted for age and sex, 95% CI: 1.09–
3.44, P = 0.03) and 2.35 (CPH model adjusted for age and 
sex, 95% CI: 1.31–4.21, P = 0.002), respectively, compared 
to Group 3. Among patients with advanced tumor stages, 
those with low E-cad expression exhibited significantly 
worse survival rates compared to those with high E-cad 
expression. This highlights the prognostic importance of 
E-cad even within the same TNM stages, as differences 
in its expression levels can further stratify survival out-
comes. These findings reveal distinct prognostic sub-
groups that are not captured by TNM staging alone, 
underscoring the added value of incorporating E-cad 
expression into prognostic evaluations.

Discussion
We demonstrated that the E-cad protein expression level 
combined with TNM stage can improve prognosis pre-
diction in patients with CRC, showing its clinical appli-
cation. The data confirmed that patients in the E-cadLow 
group had significantly lower rates of 5-year EFS and DSS 
compared to those in the E-cadHigh group. Our results 
also showed a significant difference in patient prognosis 
depending on E-cad expression within the same TNM 
stage. Additionally, integrated analysis of E-cad expres-
sion in advanced TNM stages (III and IV) revealed that 
patients with low E-cad expression had significantly 
worse survival rates compared to those with high E-cad 
expression. These data indicate that E-cad expression 
plays a crucial role in survival outcomes in patients with 
advanced TNM stages of colorectal cancer, which indi-
cates that E-cad expression may be used as a predictive 
tool for personalized prognosis (Fig. 5).

Our results showed that the proportion of LCC in the 
E-cadHigh group was 74.1%, and the proportion of RCC 
was 25.9%. However, in the E-cadLow group, the pro-
portion of LCC was 53.1%, and that of RCC was 46.9%. 
According to previous reports, LCC tumors have a good 
prognosis, while RCC tumors have poor prognosis, 
which aligns with the increased proportion of RCC in 
the E-cadLow group observed in this study [20]. In addi-
tion, the proportion of undifferentiated cancers increased 
in the E-cadLow group compared to the E-cadHigh group. 
This finding is also consistent with previous studies 
that reported a correlation between undifferentiated 
tumors and poor prognosis [21, 22]. We performed a 

Fig. 5  Schematic representation of the development of personalized medicine by integrating E-cadherin expression and TNM staging
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cross-analysis of the above two variables. In patients with 
decreased E-cad expression, the proportion of undiffer-
entiated cancers increased compared to those in patients 
with high E-cad expression.

The poor prognosis of CRC associated with down-
regulation of E-cad expression may be linked to the 
Wnt/β-catenin signaling pathway, a key regulator of cell 
pluripotency and differentiation [23]. Activation of Wnt 
signaling leads to accumulation of β-catenin, which trans-
locates to the nucleus and inhibits E-cad expression, driv-
ing EMT and tumor progression [24]. Additionally, the 
Ras/Raf/MAPK and PI3K/AKT pathways, triggered by 
growth factors, increase the expression of transcriptional 
repressors such as Snail and ZEB1, further reducing 
E-cad levels [25, 26]. Therefore, the decrease in Wnt/β-
catenin signaling pathway due to decreased expression of 
E-cad aligns with the increased ratio of undifferentiated 
tumors in the E-cadLow group.

Interestingly, the impact of E-cad downregulation 
appears to differ between LCC and RCC, as RCCs are 
often more aggressive and have a higher proportion of 
undifferentiated tumors, potentially influenced by these 
signaling pathways [27]. Furthermore, microsatellite 
instability high (MSI-H) tumors, particularly those that 
are undifferentiated, occur more frequently in RCC [28]. 
It has been reported that HOXB13 protein expression 
is elevated in RCC, which is negatively correlated with 
E-cad expression [29]. Thus, decreased E-cad expression 
may lead to upregulation of HOXB13 expression, and 
accordingly, the proportion of RCC in patients with CRC 
may increase. Therefore, the decrease in E-cad expres-
sion is in line with the increased ratio of undifferentiated 
tumors in CRC and increased ratio of RCC in the E-cad-
Low group as it correlates with disrupted cell differentia-
tion and preferential location of tumors to RCC.

We considered E-cad expression and TNM stage 
together to enable a more precise prognostic predic-
tion. The TNM stage is a widely used diagnostic, treat-
ment, and prognostic evaluation method in clinical use. 
However, it does not take into account important char-
acteristics that affect prognosis [30]. Moreover, markers 
that can be used together have not yet been identified. 
Integrating E-cad expression in the prediction analy-
sis showed a clear difference in EFS and DSS within the 
same TNM stage, highlighting its impact on survival out-
comes. Notably, E-cad expression is closely related to the 
prognosis patients with advanced stage (TNM III/IV) 
CRC. This suggests the need for prognostic predictions 
based on both E-cad expression and TNM stage, espe-
cially in advanced TNM stages (TNM III/IV), emphasiz-
ing its importance in personalized patient management.

The results of this study were derived using tissue from 
patients with CRC. Although various studies are under-
taken to discover biomarkers in CRC, their findings are 

rarely translated into clinical use. Translating scientific 
discoveries from basic research to clinical trials is chal-
lenging due to genetic, molecular, and physiological dif-
ferences [31]. However, in this study, we introduced 
a diagnostic method using tissue from patients with 
CRC and discovered biomarkers that can be applied to 
patients.

Tissue microarray (TMA) analysis, widely used in 
large-scale clinical studies for its efficiency and scalabil-
ity, does have limitations due to its reliance on small, 
localized tissue samples. This approach may not fully 
capture the intratumoral heterogeneity often observed 
in advanced tumors, potentially leading to sampling bias 
and affecting the generalizability of findings. Nonethe-
less, our study demonstrates that E-cadherin expression, 
assessed through immunohistochemistry (IHC) on TMA 
samples, combined with TNM staging, provides a simple, 
cost-effective, and clinically practical method to predict 
the prognosis of patients with colorectal cancer (CRC). 
While this study is limited to samples from a single insti-
tution, the analysis of nearly 600 patients provides robust 
clinical validation. The combined analysis of E-cadherin 
expression and TNM staging shows great potential for 
diverse applications in precision and personalized medi-
cine, offering a practical and scalable solution for prog-
nosis prediction in clinical settings.

Conclusions
This study provides strong evidence that E-cad expres-
sion is a critical prognostic indicator for patients with 
CRC. Patients with low E-cad expression exhibited sig-
nificantly lower 5-year EFS and 5-year DSS rates, par-
ticularly among those with advanced TNM stages. 
These findings suggest that evaluating E-cad expression 
could play a vital role in guiding personalized treatment 
strategies for patients with CRC. Incorporating E-cad 
expression levels into clinical practice may enhance the 
accuracy of prognosis prediction and improve treat-
ment outcomes by allowing for more tailored therapeutic 
approaches.
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