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Breast cancer is the most common cancer in females, it accounts for one third of all malignancies affecting
women. Appropriate biomarkers play significant role in predicting the prognosis and decide the specific
therapy to each patient. In this study we aimed at evaluating the value of Ki-67 as a prognostic marker in
breast cancer patients and to analyze the associations between Ki-67 and their clinicopathological
parameters. This study included 92 patients with developed non metastatic breast cancer and 10 women
had benign breast tumor served as controls. We measured the serum level by ELISA technique and tissue
expression of Ki-67 by immunohistochemical technique. Our results showed that there were no statisti-
cally significant differences in serum Ki-67 levels between the two studied groups. As for Ki-67expression
in breast cancer cells, the score increases with increase of tumor size, grade, premenopausal, Ki-67
expression in estrogen and progesterone receptor positive tumors showed lower values than estrogen
and progesterone negative tumors, while higher Ki-67 expression was more frequently associated with
HER2-positive. In conclusion; our study supports the finding that tissue Ki-67 expression may add prog-
nostic information to that obtained from classical prognostic factors and can provide data of significant
value to other important prognostic indicators such as pathological grading, and axillary lymph node
involvement.
� 2018 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research & Technology.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
1. Introduction

Breast cancer is the most common cancer in females, it accounts
for one third of all malignancies affecting women, this cancer has
high metastatic capacity leading to high mortality. Early detection
of this disease leads to improvement of its outcome and increased
survival rate [1]. The use of molecular biomarkers assures that
breast cancer patients receive appropriate treatment. Biomarkers,
such as estrogen receptor, progesterone receptor, HER2 play signif-
icant roles in predicting the prognosis and decide the specific ther-
apy to each patient [2]. Although yet diagnoses and therapies are
incomplete because many patients die of relapsed disease; thus,
improved diagnosis using novel biomarkers is essential to improve
diagnosis and treatment for breast cancer [3].
Treatment decisions are crucial step for breast cancer patients;
proliferation marker Ki-67 is one of the most controversially dis-
cussed parameters. Ki-67 is a nuclear protein identified by Gerdes
et al. in 1983, it was found in a Hodgkin lymphoma cell line [4]. It is
associated with cellular proliferation, it is expressed in cell cycle
phase S, G1, G2 and M phase in cell nucleus. Ki67 is detected by
immunohistochemical technique [5]. Ki-67 expression differs
throughout the cell cycle reaching peak during mitosis, it has a role
in cell division and there is evidence of a function in ribosomal RNA
synthesis [6]. The gene coding for Ki-67 (MKI67) is located on chro-
mosome 10q25-ter. It was found that in normal breast tissue Ki-67
is expressed at low level in estrogen receptor negative cells [7]. The
monoclonal antibody Ki-67 immunostaining can assess the growth
of malignant cells; however; there is no accepted cut-off value for
Ki-67 [8,9], for this its use is limited in routine pathology [10,11].
Nevertheless, in routine clinical work, Ki-67 is widely determined
in breast cancer tissue and used as an additional factor for decision
making on adjuvant treatment strategies [12].
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A 2010 published review article concluded increasing evidence
that Ki-67 is a valuable prognostic marker but as to its predictive
role its applicability is limited [12]. No robust evidence was found
that Ki-67 can serve as a tool to identify patients who will benefit
from a specific chemotherapy or endocrine treatment

The aims of this work were to evaluate the value of serum and
tissue expression of Ki-67 as a prognostic marker by ELISA and
immunohistochemistry techniques in breast cancer patients, to
analyze the associations between Ki-67 and other biomarkers in
breast cancer patients and to assess the relationship of Ki-67 to
histological grading.
2. Patients and methods

This study included 92 patients presented to the Outpatient
Clinic in National Cancer Institute, Cairo University with primary
breast carcinoma, 10 patients with benign breast tumor (patho-
logic diagnosis of fibroadenoma) served as positive control and
10 healthy women served as negative control, their age ranged
from 33 to 62 years. Most of our cases (57) were initially diagnosed
by fine needle aspiration cytology (FNAC), 22 cases by core biopsy
and 13 cases by excision biopsy prior to surgery. Selected patients
were subjected to breast surgery which was either radical or con-
servative surgery. All patients had undergone full clinical examina-
tion, routine laboratory investigations: complete blood count, liver
and kidney function tests, chest X-ray, mammography, breast and
abdominal ultrasonography and bone scan.

The criteria for selecting the patients were, (a) Presence of
breast lump which was diagnosed as breast carcinoma (b) No sys-
temic disease such as diabetes mellitus, hypertension, chronic
inflammatory disease, liver, renal or heart failure, (c) No distant
metastasis (d) No neoadjuvant therapy.

Ethical considerations; The study was conducted according to
the Declaration of Helsinki and was approved by the Medical
Research Ethical Committee - National research center, Cairo,
Egypt (Approval No.14–031). Written informed consent was
obtained from all participants before enrollment in the study.

2.1. Blood sampling

Fasting venous blood samples were collected from all partici-
pants. Within 30 min, the sera were separated by centrifugation
at 3000 rpm for 10 min after a minimum time span of 30 min
and serum were removed, aliquot, and stored at �80 �C until fur-
ther processing.

2.2. Histopathological examination

The excised tumors and breast tissueswere sent to the Pathology
Department for final histopathological examination and diagnosis.
Tumor tissues aswell as benign breast tissueswere preserved in for-
malin and embedded in paraffin wax. Sections were stained with
routine hematoxylin-eosin staining and diagnosed according to
the criteria of the World Health Organization and graded according
to the modified Scarff-bloom and Richardson method.

Patient’s age, tumor type, size, grade, nodal status, estrogen
receptor (ER) progesterone receptor (PR) and human epidermal
growth factor 2 (Her2neu) status were reported in the histopatho-
logical reports.

2.3. Measurement of circulating Human Ki-67 level

Serum concentration of Ki-67 was measured using a commer-
cially available immunoassay Quantikine kit purchased from (glory
science co, USA) catalog number #:95075.
2.4. Tissue expression of Ki-67 in invasive breast carcinoma

The analysis of Ki-67 was done by immunohistochemical
staining and the proportion of the malignant cells staining positive
for the nuclear antigen Ki-67 was evaluated in a quantitative and
visual way using light microscopes. The Ki-67-labeling index is
the percentage of cells with Ki-67 positive nuclear
immunostaining.
2.5. Statistical analysis

Data was collected in an EXCEL database (Microsoft Corpora-
tion, Redmond, WA, USA) and statistical calculations were per-
formed with SPSS version 16. As statistical analysis revealed the
data to have a skewed distribution, non-parametric tests were
selected. Categorical and continuous variables were analyzed using
chi square, Mann–Whitney U tests and Kruskal–Wallis tests.
Continuous variables were modeled stratifying by median. All sta-
tistical analyses were based on two-tailed hypothesis tests where
P < 0.05 was considered to indicate a statistically significant
difference.
3. Result

In this study the clinical significance of serum and Ki-67 index
as a potential marker in breast cancer among 92 breast cancer
cases. Moreover, the relationships between the Ki-67 index and
clinicopathological characteristic reflecting prognosis were
studied.

Table 1 showed the relationship between serum level of Ki-67
and clinicopathological characteristic of breast cancer cases, while
Table 2 showed serum Ki-67 concentrations in the healthy control,
benign and malignant breast tumor groups; The median serum
level of Ki-67 in the malignant group was 13.43 (11.78–16.32)
ng/ml, which is lower than the median level of Ki-67 in benign
breast disease group 14.46 (13.84–15.08). While the median serum
levels of Ki-67 in healthy control was 3.92 (2.72–7.29) ng/ml. Over-
all, there was a statistically significant difference between healthy
control group and both benign and malignant breast tumor groups
(P � 0.001). However, there were no statistically significant differ-
ences in serum Ki-67 (p = 0.264) levels between these groups
(Fig. 1).

Table 3 showed the relationship between Ki-67 expression in
breast cancer tissue and the clinicopathological features of these
patients. Regarding the size of tumor, nodal status and tumor
grade; Ki-67 expression showed higher values as the tumor size
increases, nodal affection increases and the grade advance. Regard-
ing, Ki-67 expression in estrogen receptor positive tumors showed
lower values than estrogen negative tumors. In our study, higher
Ki-67 expression was more frequently associated with HER2-
positive.

The distribution of the Ki-67 labeling index as measured by the
percentage of positively stained cells is shown in Figs. 2–5. Positive
immunoperoxidase reaction in the Ki-67 antibody-stained sections
was confined to the nuclei of carcinoma cells (Fig. 2) and was found
to be expressed in 89/92 of the studied tissue samples. The propor-
tion of Ki-67 positive cells in breast carcinomas varied from 0.8% to
70% (median, 7.5%). while 3 cases were completely negative for Ki-
67 expression. Ki-67 scores counted by two independent patholo-
gists (study Pathologists) were in good agreement. 33 cases had a
value of 10–19% on the Ki-67 index (Fig. 3), 36 cases had value >20
and <50% (Fig. 4) and 20 cases had a value >50% (Fig. 5). The breast
biopsy proved to be benign lesion by histopathology, there was no
need to perform immunoreactivity to Ki-67 expression.



Table 1
Relation between KI-67 serum level and clinic-pathological characteristic of the 92 studied cases.

Characteristics Cases (n) Ki-67 Median (IQR) (ng/ml) P value

Age <50 years 58 14.22 (11.88–19.93) 0.628
�50 years 34 13.43 (11.77–15.70)

Histology IDC 78 13.43 (11.88–16.12) 0.321
ILC 6 11.78 (11.78–14.05)
Mixed IDC &ILC 6 19.21 (16.63–21.49)
Mixed IDC & IPC 2 12.6

Tumor size pT1 10 12.81 (11.78–15.70) 0.817
pT2 60 13.53 (11.78–19.83)
pT3 16 13.02 (12.60–14.98)
pT4 6 14.26 (13.74–16.12)

Grade 1 2 11.36 0.457
2 74 13.43 (11.78–16.74)
3 16 13.84 (12.19–15.60)

Lymph nodes pN0 44 13.02 (11.78–16.74) 0.334
pN1 2 11.98
pN2 30 13.64 (11.78_14.26)
pN3 16 16.12 (13.02–19.21)

Estrogen receptor �ve 25 14.42 (11.98–17.53) 0.608
+ve 67 12.19 (11.78–14.05)

Progesterone receptor �ve 28 13.82 (11.88–16.43) 0.959
+ve 64 11.32 (11.05–15.67)

HER2neu �ve 61 12.43 (12.78–16.53) 0.933
+ve 31 15.53 (11.98–16.53)

IQR: inter-quartile range. HER2neu: human epidermal growth factor 2.
IDC: Invasive ductal carcinoma. ILC: Invasive lobular carcinoma.
IPC: Intracystic papillary carcinoma.

Table 2
Serum Ki-67 level (ng/ml) in different studied groups.

Markers

Study groups

Healthy control 
(N =10)

Benign breast disease 
N=10

primary breast cancer
N=92

Ki-67(ng/ml)
Minimum 1.23 12.81 1.033

Maximum 10.78 20.45 33.47

Median (IQR) 3.92(2.72-7.29) 14.46(13.84-15.08) 13.43(11.78-16.32)

P value between control 
group and both breast 
disease groups

0.001 <0.001 

P value between benign 
and primary breast 
disease groups

0.264

IQR: Inter-Quartile Range
IQR: Inter-Quartile Range.
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4. Discussion

Breast cancer is the most common female cancer worldwide
and the second leading cause of cancer-related death, thus it is
important to find good prognostic markers that can define patients
who are at high risk of recurrence and choosing the suitable ther-
apy for them [13]. Prognostic markers such tumor size, grade, age,
histological type and estrogen receptor status influence the ther-
apy decision. Cell proliferation is one of the most essential charac-
teristics of cancer; thus, its measurement may provide useful
information about disease status [14].

In this study we evaluated the serum level and the immunohis-
tochemical expression of Ki-67 in patients with breast cancer

There were no statistically significant differences in serum Ki-
67 levels between the studied groups, up to our knowledge no
researchers discuss its value in breast cancer prognosis. Ki-67
expression in breast cancer cells, the score increases with increase
of tumor size, grade, premonopausal, Progesterone receptor (PR)
negative, lymph node positive and estrogen negative tumors. These
results were in agreement with Fausto et al. [15] who stated that
high immunohistochemical expression Ki-67 level is associated
with greater risk of recurrence (64 % increased risk) and that the
proliferative marker Ki-67 has an independent prognostic value
in terms of survival and relapse in patients with early-stage breast
cancer (BC), and should be routinely assessed by pathologists.

In accordance with our results, other studies found that a higher
Ki-67 index significantly correlated with increasing tumor size
[16–18], +ve lymph nodes [16,19]. A study included 194 women
diagnosed as breast cancer reported significant correlation
between Ki-67 and tumor size, tumor grade, PR, and lymph node



Fig. 1. Comparison of serum Ki-67 concentrations in the two groups. Horizontal bars indicate the median values in each group.

Table 3
Relationship between Ki-67 expression in breast cancer tissues and the clinicopatho-
logical features of these patients (89 patients).

Variables/(n) KI-67 < 20 KI-67 > 20 p Value

Age/years 0.0205*

�50 (56) 19 37
>50 (33) 14 19
Tumor grade 0.042*

G1 (2) 2 0
G2 (72) 26 46
G3 (15) 5 10
Tumor size 0.013*

<2 cm (10) 10 0
�2 cm (79) 23 56
Lymph node 0.056*

�ve (44) 23 21
+ve (45) 10 35
Estrogen receptors 0.016*

�ve (25) 12 13
+ve (64) 21 43
Progesterone receptor 0.0295
�ve (28) 13 15
+ve (61) 20 41
HER2neu 0.023*

�ve (60) 24 36
+ve (29) 9 20

HER2neu: human epidermal growth factor 2.
* chi square test: P value <0.05 significant.

Fig. 2. Nuclear immunohistochemical staining for Ki-67 in invasive breast carci-
noma (Avidin-biotin-peroxidase complex (ABC) immunoperoxidase + Diaminoben-
zidine (DAB) chromogen � 400).

Fig. 3. Invasive duct carcinoma, tumor cells showing expression of value of 10–19%
on the Ki-67 index (ABC immunoperoxidase + DAB chromogen � 400).
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status. another study reported that there was no correlation with
ER positivity and tumor size [20]. A number of studies reported
that among classical histopathological parameters, grading was
strongly correlated to Ki-67-labeling indices [17,21,22]. Other
studies showed that ER status has been largely identified as being
inversely correlated with Ki-67, with the higher rates of ER positiv-
ity shown in the lowest proliferating tumors [16,23,24,21].

Spyratos et al. [21] stated that cell proliferation is a major deter-
minant of biological characteristic of breast cancer, they found that
there is a strong correlation between the Ki-67 status and histolog-
ical grade of cancer. Inwald et al. [17] declared that Ki-67 showed
an association with the common histological parameters and there
was close correlation between it and the tumor grade as these
parameters has a close association with proliferation.

In our study, higher Ki-67 expression was more frequently asso-
ciated with HER2-negative. This results was in agreement with



Fig. 4. Nuclear staining for Ki-67 with value >20 and <50% in a case of invasive duct
carcinoma (ABC immunoperoxidase + DAB chromogen � 400).

Fig. 5. High score of nuclear staining (> 50%) for Ki-67 in a premenopausal female
with invasive duct carcinoma (ABC immunoperoxidase + DAB chromogen � 400).
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study done by Stathopoulos et al., who reported HER2-negative
had significantly higher Ki-67 values [24]. Contrary to our result,
other studies founded that a higher Ki-67 index significantly corre-
lated with HER2-positive, [16,17,20].

Although the prognostic role of Ki-67 is a matter of debate, sev-
eral authors have also demonstrated the value of Ki-67 for predict-
ing the benefit of adjuvant therapy in high-risk luminal B-like and
node-negative patients [25,26]. Penault-Llorca [27] showed that
patients whose tumors had Ki-67 levels >20% benefit from the
addition of docetaxel, thus it is useful for detecting therapy
choices. A study reported that in univariate analyses, high Ki-67-
labeling index was associated with vascular invasion [28]. Further-
more, other studies showed that vascular and lymphatic invasion
associated with higher Ki-67 values [17,29]. In a number of studies,
Ki-67 has been divided based on �10% and <10% and other studies
based on �20% and <20% such as our study, and even a few studies
based on other numbers. For a good result about correlation
between Ki-67 with other factors in BC, it needs that the research-
ers do the studies based on a constant and accurate number.

Nishimura et al. [28] demonstrated that high Ki-67 in primary
tumors, irrespective of high or low Ki-67 in recurrent tumors,
was significantly correlated with a lower survival rate, although,
Ibrahim et al. [29] reported that patients with high Ki-67 in
recurrent tumors showed significantly lower survival rates, irre-
spective of high or low Ki-67 in primary tumors. Also, in a meta-
analysis involving 12,155 patients showed that Ki-67 positivity
denotes a higher risk of recurrence and worse prognosis in early
breast cancer patients [12]. Another study investigated the rela-
tionship between proliferation markers and patient survival con-
firmed that high Ki-67 is associated with worse survival rate [30].

These results were also in accordance with Nahed & Shiamaa
2016 [31], who found a high Ki-67 index (� 15%) was significantly
correlated with adverse prognostic factors. High Ki-67 index
(� 15%) was significantly correlated with ER�/PR�. High Ki-67
index (� 15%) is significantly correlated with high tumor grade.

5. Conclusion

Our study showed that serum Ki-67 levels had no clinical signif-
icant in the patients with cancer breast, also there is no significant
between serum levels of Ki-67 in benign and malignant tumors.the
results of present study support the finding that tissue Ki-67
expression may be considered a valuable potential biomarker
and add a prognostic information to that obtained from classical
prognostic factors such as pathological grading, tumor size, and
lymph node involvement. our recommendation is to focus on stan-
dardization of Ki-67 assessment to avoid any contradictory results
in Ki-67.
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