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Introduction: Breast cancer (BC) is the most common cancer in women and is the second most
common cause of fatality in patients with cancer in the world. Cell proliferation plays an important
role in the clinical behavior of invasive BC. We aimed to assess the status of Ki-67 in patients with primary breast cancer and evaluate the association of this tumor marker with other clinico-pathologic
and prognostic factors. Methods: The current study recruited 220 patients with primary BC admitted to the oncology clinic of the Tabriz University of Medical Sciences. We evaluated Ki-67 IHC
slides and reported the Ki-67 status and its relationship with other prognostic factors in breast cancer patients. Among 220 patients, 63.3% developed grade 2 tumors, and 63.8% were younger than
50-year-olds. 117 cases (53%) were Ki-67 positive with more than 1% tumor nuclei stained, and 53
cases (24%) had tumors with more than 15% of Ki-67 expression. Results: There was no correlation
between Ki-67 and patient's age (Spearman rho = 0.375, tau Kendall = 0.374), tumor size (Spearman
rho = 0.558, tau Kendall = 0.548) and grade (Spearman rho = 0.570, tau Kendall = 0.568), however,
there was a marginally significant relationship between lymph node status and Ki-67 expression
(Spearman rho = 0.077, tau Kendall = 0.079). Based on the Mann -Whitney test, there was a significant correlation between the expression of estrogen receptor (ER) and progesterone receptor
(PR) with Ki-67. Conclusion: A reliable estimation of different prognostic factors in BC patients is
required for the selection of an optimal therapeutic strategy. The attention has been focused on
the markers of tumor biology.
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INTRODUCTION
Breast cancer (BC) is the most common cancer and
the second most common cause of death in women.
Globally, one in 14 women will develop breast cancer
between the age of 0-79, which comes down to 1 in
9 women in the developed countries 1 . Breast cancer
is the most common cancer among Iranian women
and ranked the 5th leading cause of cancer death in
women 2 .
Prognostic factors are essential in BC diagnosis as
they allow the identification of high-risk patients, for
whom, an adjuvant therapy can improve prognosis 3,4 .
The traditional prognosis can only identify the group
of approximately 30% of patients and their outcome.
Therefore, new prognostic markers are required 5,6 .
Considering the fact that radiotherapy and different
medical hormonal manipulations may develop side
effects in patients, the risk-based refined approaches
are essential to reduce these side effects. Some new
prognostic factors have been described over the last
few years 7 . However, most of them still require clinical validation 8,9 .
In exploration for the potential prognostic indicators
of breast cancer, attention has been focused on tumor

markers. Cell proliferation plays an important role
in the clinical behavior of invasive BC. Increased cell
proliferation is correlated with poor prognosis. Ki-67
labeling index is more sensitive than other techniques
such as mitotic figure counts because cells with active
phases of the cell cycle can be recognized; furthermore, a reliable assessment of mitotic figures is more
time-consuming than the counting of nuclei in immunohistochemistry (IHC). The reproducible mitotic
index is not usually obtained without special training
in counting with fraction assessed method, yet mitotic
count and Ki-67 index are still considered to be the
most practical methods 10,11 .
Interest in Ki-67 has recently increased as Ki-67 is a
potential marker for predicting the responsiveness to
chemotherapy 12 . Compared with other markers, Ki67 immuno-staining is a convenient method for assessing the proliferating index. Ki-67 IHC is a rapid
and inexpensive technique that can be easily used in
almost all pathological laboratories and requires only
a small tissue sample, including those obtained from
fine-needle aspirations. Ki-67 levels are known to
be associated with positive prognosis in most studies 13,14 .
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In this cross-sectional analytical study, we aimed to
assess the status of Ki-67 in patients with primary
breast cancer and evaluate the association of Ki-67
with other factors, including patient’s age, lymph node
status, ER, PR, and the grade and size of tumors. We
demonstrate that the association of the tumor biological marker, Ki-67, with other clinicopathologic aspects is a simple and cost-effective test to manage the
patients’ response to treatment and their outcome.

METHODS
This study included 220 patients with primary BC
admitted to the oncology clinic of Tabriz University of Medical Sciences. The data of this analytical–
descriptive study were obtained from patient’s documents in this clinic. The levels of ER, PR, Ki-67,
LN status, and the tumor grades and sizes were determined after diagnosis. Our pathologist reevaluated all
smearing stain of Ki-67 by IHC, and the exact levels of
Ki-67 were determined. The grade of tumors was confirmed by an expert pathologist, and the lymph node
status was confirmed clinically using imaging techniques after surgery.

IHC analysis
IHC staining for ER, PR, and Ki-67 was performed in
all cases. The sample sections were de-paraffinized in
alcohol and xylene and then heated in EDTA buffer
solution (PH=9) to 100◦ C. After cooling for about 15
minutes, the samples were rinsed in tris buffer solution (PH = 7.6) for 5 minutes. Endogenous peroxidase was quenched with 3% hydrogen peroxidase in
methanol to block nonspecific binding for 10 minutes.
The slides were then incubated for 30 minutes with
primary antibodies. The primary antibodies used for
estrogen receptor was ER, Dako, clone ID 5, for progesterone receptor was PR, Dako, clone PgR636, and
for Ki-67 was Dako, clone MIB-1. The tumor grade
was reported based on the H&E (hematoxylin and
eosin) smears, which were considered in 3 parameters: the number of mitoses, the nuclear polymorphism rates, and the gland formation structures. If
the total score of them were 3 - 5, 6 -7, and 8 - 9, we
considered the grades as 1, 2, and 3 respectively. The
ER, PR, and Ki-67 status were defined based on the intensity and the percentage of nuclear stain. Negative
Ki-67 was defined as less than 1% stain, and positive
Ki-67 was greater than 1%. Patients with positive Ki67 were divided into 3 groups: 1-5%, 6-14% and ≥
15% of Ki-67 staining 15,16 .

2987

Statistical analysis
We used the Mann-Whitney U test to determine the
correlation between Ki-67 and ER and PR expression
because the goal was to evaluate the relationship between an ordinal variant Ki-67 and two unpaired sample variants, ER and PR. To determine the relationship
between patient’s age, tumor size and grade, and LN
invasion in patients with primary BC, Spearman’s rho
and the Kendall rank correlation coefficient tests were
used. SPSS 21 Statistical Analysis Software (SPSS Inc.,
Chicago, IL.) was used to perform all statistical analysis.
The study protocol was reviewed and confirmed by
the ethic committee of Tabriz University of Medical Sciences (confirmed ID: 5/4/9587). Written consent forms were provided to all patients enrolled in
the study, and all patients’ data and information were
confidential.

RESULTS
From the overall of 220 patients with confirmed breast
cancer, 63.8% were younger than 50 years old. Ki67 was negative in 47% of the patients and positive
in 53% of them. The levels of Ki-67 were respectively
1-5%, 6-14% and ≥ 15% in 18%, 11.1% and 24% of
patients with positive Ki-67 (Figure 1). In terms of
tumor size, 30.7% of patient’s tumors were ≤ 2 cm,
51.4% were 2-5 cm, and the remainder (17.9%) was
larger than 5 cm. The frequency of grade 1, 2 and 3
tumors were respectively 23.9%, 63.3%, and 12.8%.
No significant relationship was found between Ki-67
and patient’s age (Spearman rho = 0.375, tau Kendall
= 0.374), tumor’s size ( Spearman rho = 0.558, tau
Kendall = 0.548) and grade (Spearman rho = 0.570,
tau Kendall = 0.568).
Based on the lymph node (LN) status, patients were
divided into 3 groups: no LN invasion, 1-3 LN, and
more than 3 LN invasion. The frequency of these
groups in patients were respectively 41.6%, 19.6%,
and 38.8%. No significant relationship was observed
between LN status and Ki-67 status (The Spearman
rho= 0.077, tau Kendall = 0.079) (Table 1).
The examination of ER and PR showed that 60.1% of
patients were ER-positive and 59.2% were PR positive.
To determine the correlation between Ki-67 levels and
ER status in the patients, the Mann-Whitney U test
was performed and showed a significance of P = 0.048.
However, only a marginally significance was observed
for PR and Ki-67 (P = 0.056).
We also examined the relationship between lymph
node status and Ki-67 levels in BC patients and found
no significant relationship between them (spearman
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Figure 1: Levels of Ki67 biomarker as IHC staining in 220 breast cancer patients.

Table 1: The results of Ki-67 association with clinicopathological aspects in 220 breast cancer patients
Number

Percentage (%)

Spearman rho*

Tau Kendall*

≤50

140

63.8

0.375

0.374

>50

80

36.2

≤2

68

30.7

0.558

0.548

2-5

113

51.4

>5

39

17.9

I

53

23.9

0.570

0.568

II

139

63.3

III

28

12.8

No

92

41.6

0.077

0.079

1-3

43

19.6

>3

115

38.8

Variables
Age

Tumor Size (cm)

Grade

Lymph node invasion

*: Correlation Coefficient; <0.1: poor correlation, 0.1 – 0.3: low correlation, 0.3-0.5: moderate correlation, >0.5 strong correlation
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rho = 0.077, tau Kendall = 0.079. We also found that
there was no significant relationship between Ki-67
and tumor size (Spearman rho = 0.558, tau Kendall
= 0.548).

DISCUSSION
The current study was analytical–descriptive study
and enrolled 220 patients with primary BC admitted to oncology clinic of Tabriz University of Medical
Sciences. We evaluated the relationship between Ki67 expression and the clinicopathologic aspects, including the levels of ER and PR, lymph node status,
and the grades and sizes of tumors in our breast cancer patients. We observed that Ki-67 were positive in
53% of patients and 24% of them had Ki-67 expression in more than 15% of tumor cells. No significant relationship was found between Ki-67 and either
the patient’s age or the size and grade of the tumors.
However, there was a marginally significant relationship between the lymph node status and Ki-67 expression. Although there was a significant relationship
between estrogen receptor (ER) and progesterone receptor (PR) with Ki-67 status, a reliable estimation of
prognostic factors in BC patients is still required for
the selection of the optimal therapeutic strategy.
In recent years, evidence has shown that the Ki-67 labeling index is an independent prognostic factor for
the survival and recurrence of tumors. These studies
examined more than 4600 cases and proved that Ki67 labeling index is a significant prognostic factor 17 .
De Azambuja (2007) retrieved the disease-free survival (DFS) data from 46 studies and confirmed that
high Ki-67 levels conferred a worse prognosis in the
studied cohorts 18 . A number of adjuvant trials did not
support the predictive role for the benefit of applying
chemotherapy over endocrine treatment alone in patients with high tumor Ki-67 expression 19 . However,
it is well-documented that higher levels of the proliferation marker Ki-67 are significantly associated with
poor survival, high relapse and mortality rate 20,21 .
A few studies revealed a significant association between the pre-therapy Ki-67 and histological grade
of tumors and an inverse association between Ki-67
with ER status 22 . A significant relationship was reported for Ki-67 and other tumor markers (ER, PR),
which showed that increased Ki-67 levels were correlated with increased tumor grades 22,23 . However, in
a review by Yerushalmi (2010), it was suggested that
further studies are required before any recommendations can be made about using the relationship of tumor grade and Ki-67 19 . In our study, however, no
significant correlation was observed between tumor
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grade and Ki-67 levels (The Spearman rho = 0.570, tau
Kendall = 0.568).
In a survey by Altintas (2009), the correlation between Ki-67and other biologic markers used and it
was found that highly proliferative lesions were more
likely to be ER negative and PR negative 7 . In another study, there was a significant negative relationship between Ki-67 levels and the expression of estrogen and progesterone receptors 4 . Additionally,
Bouzubar (1989) suggested that, conversely, although
the Ki-67 status of breast tumors and their percentage are not correlated with the ER status of BC, ERpositive tumors contain a slightly higher proportion
of Ki-67 negative cells than ER-negative tumors 24 . We
observed a significant correlation between Ki-67 and
ER (P = 0.05) and a marginally significant correlation
with PR (P = 0.07) by Mann-Whitney U test. Our
findings showed that there was a negative correlation
between Ki-67and ER and PR.
In another study, a significant correlation was observed between the median Ki-67 staining and patient
age and tumor nuclear grade. Tumors from patients
younger than 50 years showed a higher level of Ki67 than those of older patients 25 . Other than that,
none of similar studies has shown significant correlation between Ki-67 and patient’s age, which is consistent with our result 4,26 .
The status of the LN remains to be the most important determinant of the overall survival, and nodenegative BC patients have a favorable prognosis 27–29 .
Molino et al. found that there was a positive relationship with nodal status, as node negative tumors
are more likely to have a low proliferation index 4 . A
correlation between the histological grade of malignancy of breast tumors and their Ki-67 status was previously reported and no significant association was
observed between tumor size, LN status, patient’s age,
ER, and Ki-67 status 24 . Although large tumors often
contained an increased number of Ki-67 positive cells
(up to 20%) 24 , some events showed a positive association between Ki-67 staining and tumor size, in which,
the smaller tumors had lower Ki-67 values, and the
larger tumors (> 2 cm) were associated with poorer
prognosis 4,27 .

CONCLUSIONS
Globally, breast cancer is the most common cancer in
terms of incidence and mortality in women, which
raises a social problem and a threat to the women
health community. The recent molecular biology research provide useful information for personalized
treatments. Therefore, patients will have more chance
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to choose a suitable therapy, which can prevent complications. Inaccessibility to molecular biology techniques among the communities with financial difficulty has led to the limited exploitation of these methods in treatment.
Nevertheless, IHC is an inexpensive and practical
method that can be performed in all communitybased laboratories and can provide useful information about the morphologic and topographic traits of
the tumors. It is an appropriate method to use in prognosis determination and the selection of proper therapy protocol. In other words, the correlation between
the prognostic factor, Ki-67, and other prognostic and
predictive factors assure the physicians a better management in patients with BC. In conclusion, in this
study, we found that there is a significant relationship
between Ki-67and ER and a marginally significant relationship between Ki-67 with PR and LN. However,
no significant relationship was observed between Ki67 and patient’s age, size and grade.

ABBREVIATIONS
BC: Breast Cancer
DFS: disease-free survival
ER: Estrogen Receptor
IHC: Immuno Histo-Cytochemistry
Ki-67: The Ki-67 protein (also known as MKI67) is a
cellular marker for proliferation.
LN: Lymph Node
PR: Progesterone Receptor
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