
Int J Cancer Manag. 2020 June; 13(6):e98325.

Published online 2020 June 6.

doi: 10.5812/ijcm.98325.

Research Article

Comparison of ER, PR, Ki67 and HER-2/neu Reactivity Pattern with

Patients’ Age, Histologic Grade, Tumor Size and Lymph Node Status in

Invasive Ductal Breast Cancer

Mahsa Ahadi 1, 2, Motahareh Heibatollahi 1 and Sara Zahedifard 3, 1, *

1Cancer Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran
2Department of Pathology, Faculty of Medicine, Shahid Beheshti University of Medical Sciences, Tehran, Iran
3Men’s Health and Reproductive Health Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran

*Corresponding author: Men’s Health and Reproductive Health Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran. Email: sara_zfm@yahoo.com

Received 2019 October 22; Revised 2020 February 23; Accepted 2020 March 18.

Abstract

Background: Breast cancer is the most prevalent neoplasm diagnosed in Iranian women.
Objectives: The current study was performed to measure the hormone receptor status and its possible connection with the patient’s
age, tumor size, histological grade, and lymph node status and involvement in patients with invasive ductal breast cancer (IDBC)
Methods: A total of 103 women with IDBC recently diagnosed at the Department of Pathology of Shohada-E-Tajrish Hospital were
entered into this study. The mean age of the patients was 48.4 years, and 59.2% of cases were 50 years old or less.
Results: Most lesions (78.6%) were more than 2 cm at their greatest dimension. Grade-II lesions were observed in a large number
of patients and 59.8% of cases had lymph node involvement. Positive ER, PR, and HER-2/neu were detected in 59%, 57%, and 29% of
patients, respectively. A significant correlation was found between patients’ age and histologic score, tumor dimension and both
histologic score and nuclear grade, and, finally, between lymph node involvement and nuclear grade.
Conclusions: According to previous studies, the evaluation of hormone receptor status in patients with breast cancer is strongly
recommended. Here, by studying its possible connection with the patient’s age, tumor size, histological grade, and lymph node
metastasis, we detected some biomarkers, which could be used as prognostic indices in these patients. These biomarkers could
help us in the clinical management of patients with IDBC by providing the best therapeutic options.
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1. Background

Breast cancer (BC) is one of the most occurring human
neoplasms, which is globally responsible for one-fourth
of cancers among women, with an elevated rate of 27%
among females with a western lifestyle. BC also occurs
among men with a negligible frequency of approximately
100 times less than that of women. Unfortunately, the
prognosis is not promising mostly due to late diagnosis (1,
2). Adenocarcinomas are the most prevalent type of ma-
lignant breast lesions, which account for more than 95%
of breast malignancies. Generally, the atypical ductal le-
sion is categorized into 2 subsets, including ductal carci-
noma in situ (DCIS) and ductal adenocarcinoma, which is
also known as the invasive ductal carcinoma (IDC). The for-
mer is a malignant non-invasive increase in epithelial cells
limited by ducts and lobules. Excessive proliferation of
neoplastic cells in breast tissue that has found its way to

stroma in the duct wall is suggestive of IDC. According to
the originating site of the tumor, invasive carcinomas are
categorized into ductal and lobular (3). To decide whether
a tumor is ductal or lobular, the cytoarchitectural profile of
the tumor should be precisely determined that could pave
the way for proper diagnosis (4).

Unfortunately, BC is prone to relapse even years after
the initial therapy and tumor dormancy still is a contro-
versial area among clinicians. In this sense, hormone re-
ceptors such as the estrogen and progesterone receptors
(ER and PR), human EGF receptor-2 (HER2), antigen Ki-67,
and the nuclear proliferation marker are essential predic-
tors of progression and possible later incidence of BC (5).
By the time of diagnosis, both ER and PR levels were com-
monly assessed for deciding on a definitive surgical proce-
dure. Various studies support the fact that overexpression
of HER-2/neu, a transmembrane receptor with tyrosine ki-
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nase activity is consistent with low tamoxifen response
and, consequently, higher morbidity. Furthermore, ER, PR,
and HER-2/neu-negative tumors were noticed among fe-
males over 50 years and are considered high grades (6-8).

Ki-67, which spotted following the vaccination of mice
with Hodgkin’s lymphoma, is a non-histone DNA-binding
protein in the nucleus involved in cell division. Concern-
ing BC, a significant correlation has been found between
Ki-67 expression and age, as well as nuclear grade and mi-
totic trend (9-12). Luminal epithelial and myoepithelial
cells in healthy breasts demonstrate distinct and various
keratin phenotypes with cytokeratins 7, 8, 18, and 19 ex-
pressions in the former, and α actin beside CK 5/6, 14, and
17 in the latter (13). The luminal markers expression has
proven to be a promising survival predictor while basal
markers, more specifically CK5 expression, result in unfor-
tunate clinical outcomes (14).

2. Objectives

ER, PR, Ki-67, and HER-2/neu biomarkers have prog-
nostic implications among patients with BC. Furthermore,
clinicopathological characteristics, including histologic
grade, the size of the tumor, and lymph node status are
essential factors in the prognosis of cancer. In this study,
we aim at comparing ER, PR, Ki-67, and HER-2/neu expres-
sion and their relationship (if any) with patients’ age, his-
tologic grade, tumor size, and lymph node status in pa-
tients with invasive ductal breast cancer (IDBC).

3. Methods

The current cross sectional study was conducted on
103 women with IDBC recently diagnosed at the Depart-
ment of Pathology of Shohada-E-Tajrish Hospital (Tehran,
Iran). The Ethics Committee of Shahid Beheshti Uni-
versity of Medical Sciences approved the study (no.:
IR.SBMU.MSP.REC.1395.90) and the samples were obtained
after taking informed written consent from the patients.
Data obtained from patients remained anonymous and no
intervention procedure was done.

Information, including the patient’s age, tumor size
and grade, and lymph node status were obtained from the
patient’s medical record. The mean age of the patients was
48.4 years, and 59.2% of cases were 50 years old or less. It is
worth noting that cases with core needle biopsies and re-
current BC were excluded from the study.

Immunohistochemistry (IHC)-Labeled StreptAvidin Bi-
otin (LSAB) method was performed in this study. Paraffin
blocks were used to prepare 4 µm thick slides and stain-
ing was done to detect each biomarker separately. Tumor

samples would be considered positive for ER or PR expres-
sions if nuclear staining was more than 1%. The expression
of HER-2/neu was scored as positive for complete membra-
nous staining (equivalent to the FDA-approved DAKO Her-
cepTest 2+ and 3+), indeterminate for partial membranous
staining (1+), and negative for undetectable staining. Ki-67
status was considered positive when more than 10% of tu-
mors stained.

The data were analyzed, using PASW version 18. Cate-
gorical and quantitative variables were assessed by Pear-
son’s chi-squared test and analysis of variance (ANOVA),
respectively. To ensure the reliability of the whole pro-
cedure, proficiency and competency of the correspond-
ing pathologist were constantly assessed throughout the
study’s course.

4. Results

Table 1 demonstrates the frequency and percentage of
independent variables of the current study.

Table 1. Percentage and Frequency of Independent Variablesa

Variables Values

Age

< 50 61 (59.2)

≥ 50 42 (40.8)

Tumor Focality

Unifocal 82 (88.2)

Bifocal 11 (11.8)

Tumor Dimension

≤ 2 22 (21.4)

> 2 81 (78.6)

Lymphovascular invasion

Negative 44 (45.8)

Positive 52 (54.2)

Perineural invasion

Negative 86 (83.5)

Positive 17 (16.5)

Lymph node involvement

Negative 41 (40.2)

Positive 61 (59.8)

In situ

Negative 31 (30.0)

Positive 72 (70.0)

aValues are expressed as No. (%).
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Seven hypotheses were proposed trying to draw con-
nections between clinic-pathological characteristics and
biomarkers with statistical proof.

According to the first hypothesis of this study, there
is a significant relationship between patient’s age and ER,
PR, Ki-67, and HER-2/neu expression, histologic grade, tu-
mor size, and lymph node status. According to the Pear-
son’s chi-squared test results, there was a significant link
between age and histologic score (Table 2) while no mean-
ingful connection was found between age and other fea-
tures such as nuclear grade, ER expression and intensity, PR
expression and intensity, and HER-2/neu and Ki-67 expres-
sions in malignant tissue.

Table 2. Relationship between age and histologic score (Number of Valid Cases =
102)

Chi-Square Tests Value df Asymptotic Significance
(2-Sided)

Pearson chi-square 0.005a 6 0.03

Likelihood ratio 4.535 6 0.01

Linear-by-linear
association

0.01 1 0.572

aSix cells (42.9%) have expected count less than 5. The minimum expected count
is 0.80.

The second hypothesis assumes that there is a signifi-
cant relationship between DCIS and ER, PR, Ki-67, and HER-
2/neu expression, histologic score, and nuclear grade in
the cancerous region. Based on the results obtained from
Pearson’s chi-squared test, no statistically significant rela-
tionship was found between DCIS and histologic score and
nuclear grade. Besides, no significant association was no-
ticed between DCIS and ER expression and intensity, PR
expression and intensity, and HER-2/neu and Ki-67 expres-
sions.

The third hypothesis suggests that there is a signifi-
cant connection between tumor dimension and ER, PR,
Ki-67, and HER-2/neu expression, histologic score, and nu-
clear grade in the malignant site. According to the results
of Pearson’s chi-squared test, the relationship between tu-
mor dimension and both histologic score (Table 3) and nu-
clear grade (Table 4) was statistically significant. Based
on the same statistical test, the tumor dimension demon-
strated no significant relevance with ER expression and
intensity, PR expression and intensity, and also with HER-
2/neu and Ki-67 expressions in the cancerous site.

The fourth hypothesis proposed a significant relation-
ship between tumor focality and ER, PR, Ki-67, and HER-
2/neu expression, histologic score, and nuclear grade in
the malignant site. According to the results of Pearson’s
chi-squared test, tumor focality presented no statistically
significant relevance with ER expression and intensity, PR

Table 3. Relationship Between Histologic Score and Tumor Dimension (Number of
Valid Cases = 102)

Chi-Square Tests Value df Asymptotic Significance
(2-Sided)

Pearson chi-square 12.787a 6 0.047

Likelihood ratio 11.249 6 0.081

Linear-by-linear
association

3.500 1 0.061

aNine cells (64.3%) have expected count less than 5. The minimum expected
count is 0.41.

Table 4. Relationship Between Nuclear Grade and Tumor Dimension (Number of
Valid Cases = 102)

Chi-Square Tests Value df Asymptotic Significance
(2-Sided)

Pearson chi-square 13.415a 2 0.001

Likelihood ratio 11.490 2 0.003

Linear-by-linear
association

7.136 1 0.008

aTwo cells (33.3%) have expected count less than 5. The minimum expected
count is 0.62.

expression and intensity, nuclear grade, and also with HER-
2/neu and Ki-67 expressions in cancerous sites.

The fifth hypothesis of this study postulates that a sta-
tistically significant relationship is present between lym-
phovascular invasion and ER, PR, Ki-67, and HER-2/neu ex-
pression, histologic score, and nuclear grade in the malig-
nant site. Regarding the Pearson’s chi-squared test data, no
statistically significant link was noticed between lympho-
vascular invasion and features such as ER expression and
intensity, PR expression and intensity, nuclear grade, his-
tologic score, and HER-2/neu and Ki-67 expressions in the
cancerous site.

The sixth hypothesis assumes that perineural invasion
(PNI) correlates with ER, PR, Ki-67, and HER-2/neu expres-
sion, histologic score and nuclear grade in the cancerous
site. Based on a statistical test (data are not shown), the rel-
evance between PNI and ER expression and intensity, PR ex-
pression and intensity, nuclear grade, histologic score, and
HER-2/neu and Ki-67 expressions were not significant.

Finally, the seventh hypothesis of this study suggests
that a significant relationship could be established be-
tween lymph node involvement and ER, PR, Ki-67, and HER-
2/neu expression, histologic score and nuclear grade in ma-
lignant region. According to the Pearson’s chi-squared test
data, except for a statistically significant relationship be-
tween lymph node involvement and nuclear grade (Table
5), lymph node involvement had no significant connection
with other features, including ER expression and intensity,
PR expression and intensity, nuclear grade and also HER-
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2/neu and Ki-67.

Table 5. Relationship Between Lymph Node Involvement and Nuclear Grade (Num-
ber of Valid Cases = 101)

Chi-Square Tests Value df Asymptotic Significance
(2-Sided)

Pearson chi-square 7.469a 2 0.024

Likelihood ratio 8.544 2 0.014

Linear-by-linear
association

6.243 1 0.012

aTwo cells (33.3%) have expected count less than 5. The minimum expected
count is 1.22.

All in all, most lesions (78.6%) were more than 2 cm
at their greatest dimension. The grade-II lesions were ob-
served in a large number of cases and lymph node in-
volvement was detected in 59.8% of the cases. Positive
ER, PR, and HER-2/neu were detected in 59%, 57%, and 29%
of patients, respectively. A significant correlation was
found between patients’ age and histologic score, tumor
dimension and both histologic score and nuclear grade,
and, finally, between lymph node involvement and nuclear
grade.

5. Discussion

In the current cross sectional study, we comprehen-
sively studied the relationship between ER, PR, Ki-67, and
HER-2/neu expression with age, histologic grade, tumor
size and lymph node status among patients with IDBC. The
results of this study could have significant clinical implica-
tions due to an upward trend of BC among Iranian women
and the prognostic value of these biomarkers could help
us in undertaking effective clinical interventions.

In a study by Kristina et al., the expression of ER, PR,
HER-2/neu, Ki-67, and CK5 biomarkers was assessed among
patients with early and late relapsing BC. They found that
CK5 maintains a lower expression among metastatic pa-
tients. And, according to IHC profile of luminal A, this sub-
type of BC displayed a drastically decreased risk of early
relapse. Furthermore, Ki-67 expression indicated early tu-
mor recurrence and had direct relevance to tumor devel-
opment (15). Siadati et al. (16) conducted a study on 300
paraffin-embedded tissue blocks obtained from cases with
IDC, who undertook mastectomy. They realized that ER and
PR had a significant positive correlation with each other
and a negative correlation with HER-2/neu. They noticed
that low histologic grade is correlated with ER and PR ex-
pression while high histologic grade could be linked to
HER-2/neu expression. They also found that HER-2/neu ex-
pression is significantly correlated with lymph node in-
volvement. However, they could not establish a significant

relationship between these biomarkers and the patient’s
age and tumor size (16). Karangadan et al. (17) studied
the role of immunohistochemical characterization of Ki-67
and its relation with breast carcinoma by studying 60 pa-
tients throughout 3 years. They detected a statistically sig-
nificant relevance between BC subtypes and the patient’s
age, histological grade, and Ki-67 activity. Furthermore,
they found a link between ER/PR expression and histologi-
cal grade and Ki-67 activity (17).

Most studies have focused on the aforementioned
prognostic markers and, unfortunately, the PNI is the area
that has not been well-studied in BC to date. According to a
few previous studies, PNI is a distinct route for tumor inva-
sion, which completely differs from lymphatic or vascular
invasions (18). PNI is more common in other types of can-
cers such as head and neck carcinoma than BC. In a study
conducted by Deger et al. (19), they looked for a link be-
tween well-established histopathological criteria and over-
all survival in patients with IDC. Accordingly, they found
that tumor size and grade and PNI are parameters, which
negatively affect patient survival (19).

5.1. Conclusions

In the current study, we found that the size of most le-
sions (78.6%) was more than 2 cm at their maximum size.
Most patients had intermediate lesions (classified as grade-
II) and 59.8% of cases showed lymph node involvement.
Positive ER, PR, and HER-2/neu were detected in 59%, 57%,
and 29% of patients, respectively. A statistically significant
correlation was noticed between the patient’s age and his-
tologic score, tumor dimension and both histologic score
and nuclear grade, and, ultimately, between lymph node
involvement and nuclear grade. These results highlight
the significant role of these biomarkers as prognostic in-
dices in patients IDBC.
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