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Abstract: Introduction: EpCAM (epithelial cell adhesion molecule) protein expression was detected in 45 to 90% of 
breast cancers in different studies, and high expression levels were associated with poor outcomes in several ret-
rospective analyses. This study aims to investigate the relationship between EpCAM and clinicopathological param-
eters and survival in breast cancer. Methodology: This study was conducted as a Quasi-Experimental Cohort Study 
to explore 100 breast cancer patients. After the surgical excision of breast cancer, pathology blocks were deparaf-
finized and subjected to IHC (immunohistochemistry) for EpCAM examination. Using a Roche VENTANA Benchmark 
GX automated staining instrument and a well-established IHC staining protocol, the expression of EpCAM in breast 
cancer tissue was assessed. Independent sample T-test and Chi squared and Logistic Regression test with STATA 
version 17 software were used for data analysis. Results: The difference in the distribution of the negative state of 
biomarkers (ER = estrogen receptor, PR = Progesterone receptor) and EPCAM positive group was significant (P-value 
= 0.002) (P-value = 0.006). A statistically insignificant distinction was observed in the distribution of the HER2 (hu-
man epidermal growth factor receptor) and EPCAM groups (P-value = 0.198). With 30.95% of those in the EPCAM-
positive cohort experienced metastasis or recurrence. ER+ and PR+ decreased the chance of EPCAM positive by 
0.25 and 0.29, respectively. HER2+ and Basal like breast cancer increase the chances of EPCAM being positive by 
1.9 and 2.08, respectively. Basal like breast cancer increases the odds of EpCAM positive 2.19 times. Similarly, N2 
and stage 3 increase the odds of EpCAM positive by 1.95 and 0.5 times, respectively. Conclusion: We found that 
Basal like breast cancer, HER2+, and stage 3 increase the chance of EpCAM positivity. It seems that EPCAM positive 
cancer has more chance for recurrence and metastasis.
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Introduction

Breast cancer constitutes 25% of all diagnosed 
cancers, which is the most common cause of 
cancer-related death in the women worldwide 
[1]. The trends and principles of early diagnosis 
and treatment of breast cancer have improved 
in recent years, leading to better survival rates 

[2]. Due to many characteristics of the illness, 
researchers have explored several biomarkers 
to better comprehend their contributions to the 
development and advancement of breast can-
cer, as well as their ability to predict patient out-
comes. These biomarkers include luminal A, 
luminal B, HER2 positive, and TNBC (Triple Ne- 
gative Breast Cancer) [3]. Among these, epithe-
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lial cell adhesion molecules (EpCAMs) in breast 
cancer carcinogenesis, particularly in the thera-
peutic targets, radiation resistance, and prog-
nostic value with lymphatic and metastasis pro-
cesses, are of paramount importance [4].

The cell adhesion molecule EpCAM has gar-
nered attention due to its potential involvement 
in metastasis in breast and other cancers [5]. 
Its physiological functions include cellular dif-
ferentiation, and maturation during embryonic 
growth and tissue regeneration after inflamma-
tory responses [6, 7]. In cancer, EpCAM exhibits 
altered expression patterns [8].

However, despite the aggressive nature of Ep- 
CAM in breast cancer, previous studies on its 
prognostic and roles as well as its contribution 
to disease staging, extent of surgery, need for 
preoperative chemotherapy, and postoperative 
radiotherapy have been equivocal. 

The expression of EpCAM in a large group of 
breast tumors with long-term follow-up was 
analyzed. The importance of the prognostic 
value of this protein in pathological clinical  
outcomes, such as relapse or metastasis in 
breast cancer patients who underwent surgery 
in Rasul Akram (pbuh) and Khatam al-Anbiya 
(pbuh) hospitals, was analyzed and described.

Materials and methods

Subject requirements

This study was conducted as a Quasi-Expe- 
rimental Cohort Study to explore the occur-
rence of EpCAM expression, and its associa- 
tion between clinic pathological parameters, 
and outcomes (survival, recurrence, or metas-
tasis) in 100 breast cancer patients who un- 
derwent surgery with ethics code IR.IUMS.
REC.1401.1029 at Rasoul Akram and Khatam 
Anbiya Hospitals at 2022-2023 in Tehran, Iran. 
Entry criteria included patients with any early  
or locally advanced breast cancer with Inva- 
sive ductal carcinoma NST histological type. 
Patients with Lobular or specific type of breast 
cancer, inadequate patient data, or incapacity 
to withstand surgery or chemotherapy because 
of old age or other medical problems were 
among the exclusion criteria. After the surgical 
excision of breast cancer, pathology blocks 
were deparaffinized and subjected to IHC for 
EpCAM examination (Figures 1, 2). Patients 
were informed that their test results will be 
used to conduct a research project.

Immunohistochemical analysis

Using the well-established IHC (immunohisto-
chemical) staining methodology and the Ep- 
CAM-specific antibody (AA 40-260) (Reactivity: 
Human) (Catalog No. ABIN3021638) [9] by 
Roche VENTANA Benchmark GX automated 
staining system, the expression of EpCAM was 
assessed in breast tissues. Four expression 
subgroups (no stain, weak, moderate, intense) 
were defined. EpCAM overexpression was de- 
fined for tissues that showed moderate or 
intense staining.

For the first three months after surgery, follow-
ups were done monthly; after that, they were 
done every three to six months. The data were 
analyzed after preparing the demographic and 
clinicopathological checklist.

Figure 1. Sections show tumoral tissue, both carci-
noma in situ and invasive components show moder-
ate staining of EpCAM in membranous pattern using 
immunohistochemistry. Magnification ×100.
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Statistical analysis

Mean and standard deviation were used to 
analyze quantitative data and ratios were used 
for qualitative data. In the part of analytical 
analysis and investigation of the relationship 
between variables, related statistical models 
such as independent t-test were used to evalu-
ate the mean difference between two variables, 
Chi squared test to determine the relationship 
between qualitative variables and logistic re- 
gression was used to predict, and determine 
the relevance and control of confounders. 
STATA version 17 software was utilized for data 
analysis. All analyses were performed with a 
95% confidence level.

Results

The average age of the 100 patients is 51.46 
years (SD: _+11/14). The youngest is 34 years, 
and the oldest is 78 years. All patients were 
female. The highest mean age was in the posi-
tive EpCAM group and this difference was not 
significant (P-value <0.388). The association 
between EpCAM expression and clinical pathol-
ogy parameters are shown in Table 1. 

The difference in the distribution of the nega-
tive state of biomarkers (respectively ER-PR) 

and the EPCAM-positive group was significant 
(P-value = 0.002) (P-value = 0.006). There was 
no significant difference between the distribu-
tion of HER2 and EPCAM groups (P-value = 
0.198). Out of the total EPCAM-positive pa- 
tients (42 patients), 25 (59.52%) had TNBC. 
The rest of the patients were EpCAM-negative 
(n = 58), 24 (41.38) % had TNBC, which  
indicates a significant relationship between 
EPCAM-positive and TNBC (P-value = 0.073).

Furthermore, 13% (30.95) of EpCAM-positive 
patients had relapse or metastasis, while in the 
EpCAM negative group, 4 patients (7.14%) had 
recurrence or metastasis, which indicates a  
significant relationship between being EpCAM-
positive and recurrence or metastasis (P-value 
= 0.002). Among the 13 patients who tested 
positive for EpCAM and had recurrence and 
metastasis, 6 of them developed bone metas-
tases. Additional metastases were found in the 
lung, liver, neck lymph nodes, brain, and thy-
roid, in that order. Additional data is provided  
in Table 1. Based on the univariate logistic 
regression model, ER+ and PR+ decreased the 
chance of EpCAM positive by 0.25 and 0.29, 
respectively. In other words, ER+ and PR+ are 
protective factors (P-value <0.003) (P-value 
<0.007).

Figure 2. Sections show tumoral tissue. A. This image shows weak staining of tumoral cells in cytoplasmic area. B 
and C. These images show moderate staining of tumoral cells in membranous pattern. D-F. Show strong complete 
membranous staining with in situ components using immunohistochemistry. Magnification ×400.
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Moreover, HER2+ and TNBC (Basal like breast 
cancer) increase the chances of EpCAM being 
positive by 1.9 and 2.08, respectively (P-value 
<0.203) (P-value <0.075). Table 2 displays  
the effect of additional pathological factors on 
EPCAM using a univariate logistic regression 
model. In the group of EpCAM-positive pa- 
tients, the mean Ki67 index was 41.28 (SD: +/- 
22.28), which indicates a high proliferative 

index. The average Ki67 index between positive 
and negative EpCAM is not significant (P-value 
= 0.670).

In Table 3, we measured the effect of patho-
logic variables on the odds of EpCAM positivity 
based on a (adjusted) multivariate logistic re- 
gression model. The presence of TNBC raises 
the likelihood of EpCAM positivity by a factor of 

Table 1. Association between EpCAM expression and clinicopathological parameters
Clinicopathological parameters EpCAM positive EpCAM negative P value
Mean age at diagnosis (years) 52.59 10.66% 50.63 11.49% <0.388
Tumor grade <0.446
    I 0 0.00% 2 3.64%
    II 24 57.14% 29 52.73%
    III 18 42.86% 24 43.64%
Tumor Stage <0.276
    I 10 23.81% 7 12.73%
    II 23 54,76% 38 69.09%
    III 9 21.43% 10 18.18%
Size <0.402
    <2 cm 11 26.19% 9 15.79%
    2-5 cm 29 69.05% 46 80.70%
    ≥5 cm 2 4.76% 2 3.51%
Estrogen receptor <0.002
    ER+ 9 21.43% 30 51.72%
    ER- 33 78.57% 28 48.28%
Progesterone receptor <0.006
    PR+ 9 21.43% 28 28.48%
    PR- 33 78.57% 30 51.72%
HER2 <0.198
    HER2+ 10 23.81% 8 13.79%
    HER2- 32 76.19% 50 86.21%
Ki67 <0.658
    <14% 6 14.29% 10 17.24%
    14-29% 5 11.90% 10 17.24%
    ≥30% 31 73.81% 38 65.52%
LVI <0.892
    N1 33 78.57% 47 81.03%
    N2 5 11.90% 7 12.07%
    N3 4 9.52% 4 6.90%
TNBC <0.073
    TNBC+ 25 59.52% 24 41.38%
    TNBC- 17 40.48% 34 58.62%
Met/Recurrence <0.002
    Yes 13 30.95% 4 7.14%
    No 29 69.05% 52 92.86%
Abbreviations: EpCAM = epithelial cell adhesion molecule; ER = estrogen receptor; HER2 = human epidermal growth factor 
receptor; LVI = lymph vascular invasion; TNBC = Triple Negative Breast Cancer.
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2.19. Similarly, the presence of N2 increases 
the likelihood of EpCAM positivity by a factor of 
1.95, whereas stage 3 increases it by a factor 
of 0.5.

Discussion

The results of our study showed that Basal  
like breast cancer increases the chance of 
being EpCAM positive more than 2 times.  
Thus, HER2+ increases the chance of positive 
EpCAM. The recurrence and metastasis in the 
EpCAM-positive group was more than 4 times 
that of EpCAM negative group. The highest 
prevalence of metastasis in the group of 
EpCAM-positive patients was bone meta- 
stasis.

The preponderance of patients (80%) in this 
study exhibited N1 (0-3) involvement. Involve- 
ment of one unit more, with N2 lymph nodes in 
comparison to N1, increases the probability of 
EpCAM positivity by 1.95. The probability of 
EpCAM positivity increases as stage rises. At 
stage 3, the probability of an EpCAM positive 
result increases by 0.6 times. Most of the 
patients had stage (2-5 cm), so tumor size is 
still a protective factor even in the conditions  
of equalizing confounding factors. The analysis 
of these cases can be in terms of the associa-
tion with TNBC or HER2 positivity with increas-
ing tumor size and lymph node involvement, 
where the patient was first sent to neoadju- 

appearance. Inconsistency does appear bet- 
ween different studies [10]. Therefore, reliable 
biomarkers for diagnosis, prognosis, and treat-
ment of breast cancer patients are essential.

The EpCAM family is commonly prevalent in  
epithelial tumors and interacts with many cell 
types [11]. Expression of this protein is likely 
related with chromosomal instability and aneu-
ploidy, and hence, tumor metastasis [4]. The 
occurrence of EpCAM was discussed in studies 
in carcinomas of various origins, including bre- 
ast, ovarian, prostate, lung, colon, pancreas, 
stomach, and head and neck tissues [12]. They 
said that overexpression is associated with 
aggressive and metastatic behavior in various 
tumor types, including gastrointestinal, ovari-
an, bladder, and breast tumors, by regulating 
anti-apoptotic factors and inducing abnormal 
functions of other cell adhesion molecules [13]. 
The biological significance and predictive po- 
tential of EpCAM, especially in breast cancer, 
are under investigation [14]. 

Other research found that EpCAM expression 
was higher in high-grade poorly differentiated 
tumors than in low-grade tumors, particularly in 
breast and prostate cancer [15]. Another study 
stated that the expression of this protein is 
related to tumor stage, which is consistent with 
our results [16]. Its overexpression was report-
ed to induce proliferation and upregulation of 
Pro-oncogenic signals that lead to metastasis 

Table 2. Association between EpCAM expression and clinicopatho-
logical parameters based on univariate logistic regression
Variable OR Std.err P-value Conf-interval (95%)
ER+ 0.25 0.11 0.003 0.10-0.062
PR+ 0.29 0.13 0.007 0.11-0.71
HER2+ 1.9 1.02 0.203 0.69-5.47
TNBC 2.08 0.85 0.075 0.92-4.67
SIZE 0.51 0.26 0.193 0.190-1.39
STAGE 3 0.63 0.42 0.493 0.16-2.35
N2 (LN = 3-9) 1.6 0.88 0.363 0.56-4.69

Table 3. Association between EpCAM expression and clinicopatho-
logical parameters based on adjusted logistic regression
Variable OR Std.err P-value Conf-interval (95%)
TNBC 2.19 0.96 0.073 0.93-5.18
SIZE 0.82 0.50 0.755 0.24-2.73
STAGE 3 0.50 0.31 0.273 0.14-1.71
N2 (LN = 3-9) 1.95 0.83 0.116 0.84-4.52

vant chemotherapy, and then 
surgery was performed, and 
then the lymph node size 
decreased. In other words, 
people with larger size are 
usually ER/PR positive pa- 
tients.

The standard chemotherapy 
treatments in TNBC patients 
was without immunotherapy, 
and in HER2-positive patients, 
a single therapy was used 
(without dual therapy). EpCAM 
protein expression was dete- 
cted in 45 to 90% of breast 
cancers in different studies. 
In recent years, different ad- 
hesive and migratory pheno-
types have been discussed in 
EpCAM and potentially ex- 
plain at least part of the 
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and decreased survival especially in node-pos-
itive breast cancer patients [17], which was in 
agreement with the results of our recent study. 
Nevertheless, instances of EPCAM association 
have been documented in negative lymph no- 
des containing gene mutations (KRAS, TP53, 
ERBB1) [18]. Studies showed that the presence 
of high-expressing EPCAM circulating tumor 
cells (CTC) in the blood of prostate and breast 
cancer patients is strongly associated with po- 
or prognosis [19]. In our study, a similar result 
was obtained.

Because of its widespread expression, particu-
larly in the patients with a high risk of metasta-
sis, the detection of EpCAM could improve the 
identification of Breast CTCs, which is why com-
bined detection using antibodies for EpCAM 
and HER2 may be beneficial [20]. Recent stud-
ies noted that overexpression of EpCAM in 
breast cancer causes resistance to radiothera-
py, metastasis, and worse conditions of the  
disease. Therefore, the patients with EpCAM 
expression may benefit from mastectomy treat-
ment, and this requires further studies [21].

Additionally, another study showed that [22] 
catumaxomab in conjunction with activated 
T-cells could potentially serve as an effective 
therapeutic approach for chemoresistant Ep- 
CAM-positive TNBC cells in patients. Previous 
studies suggest that EpCAM may have a re- 
gulatory role in epithelial-mesenchymal transi-
tion (EMT) in breast cancer cells [23]. The  
presence of CD31+/EpCAM+ results in resis-
tance to neoadjuvant chemotherapy and a 
poorer prognosis. Recent studies have shown 
that more circulating endothelial cells (CEC) in 
the circulation enable metastasis and resis-
tance to chemotherapy [24]. 

The predictive value of EpCAM expression in 
basal-like and luminal B and HER2+ subtype 
breast cancer, which is associated with poor 
prognosis, has been investigated [23]. These 
findings are in line with our recent study find-
ings. Another study was conducted that inve- 
stigated the relationship between EpCAM 
expression and pathologic response, clinical 
outcomes, and biomarker expression in a sig-
nificant cohort of breast tumors, with special 
emphasis on HER2-positive tumors and TNBC 
[15]. There are numerous parallels between the 
findings of his research and our own. The over-
expression of this protein may lead to prolifera-

tion, migration, and invasion of breast cancer 
cells. These studies indicate its association 
with tumors and suggest it is a potential target 
for immunotherapy [25, 26].

Also, patients, especially TNBC and EPCAM 
positive, are the best candidates for immuno-
therapy with catomaxumab (Anti-EpCAM - Anti-
CD3) in patients with breast cancer resistant to 
chemotherapy [22]. Overexpression of this pro-
tein is independently associated with poor sur-
vival in node-positive patients, particularly in 
the TNBC subgroup. This finding is consistent 
with the results of our recent research. 

In conclusion, these cases introduce EpCAM as 
a promising therapeutic target in this patient 
population [4]. Additionally, combination thera-
py with adecatumumab, an EpCAM antibody, 
and docetaxel is safe, effective, and feasible 
even in advanced stages of previously treated 
breast cancer [22, 27]. Furthermore, the impor-
tant role of EpCAM in promoting the behavior of 
tumor cells and metastatic cells of breast can-
cer was suggested. Another study showed that 
epithelial cell phenotypes expressing EpCAM 
contribute to the development of bone metas-
tasis, especially after bone entry, and blood 
flow [28]. This is consistent with our study.

Conclusion

We found that Basal like breast cancer, HER2+, 
and being in STAGE 3 increase the chance of 
EpCAM positivity. It seems that EpCAM positive 
cancer has more chance for recurrence and 
metastasis. The limitations of this study were a 
lack of specialized EpCAM measurement kits, 
due to financial limitations, with limited access 
to the pathology laboratory, and most impor-
tantly, this being a retrospective study in with a 
limited sample size. It is important to note that 
most of the conclusions may be more broadly 
applied if this study is conducted prospectively 
with a greater number of samples.
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