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ABSTRACT 
 

Background: Breast cancer (BC) is a well-documented major cause of female morbidity and 
mortality worldwide. Ongoing research era is focusing on the establishment of diagnostic and 
prognostic markers, helping for early pick up of the cases, proper prognosis evaluation and clarifying 
reliable treatment strategy.  
Aim of the Study: This study aimed to evaluate the role of  Ki-67 as prognostic marker for breast 
cancer  in Egyptian females population.  
Patients and Methods: 120 BC patients and 30 age and BMI matching health controls are the 
subjects of the study, Ki-67 index values were investigated by immunohistochemistry that was 
performed on 5-lm slides of formalin-fixed and paraffin-embedded archival tumor tissue (core needle 
biopsy samples). Antigen retrieval was performed in a micro-oven in citrate buffer pH 6 for 20 
minutes. Ki-67–stained slides were captured digitally at a hot spot at 3200 magnification. The Ki-67 
labeling index was measured using digital image analysis software. Image analysis was performed 
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by an experienced pathologist. Ki-67 index values were correlated with the clinicopathologic aspects 
of the BC patients.  
Results: Our study showed that Ki-67 index values revealed gradual increase with disease severity 
and correlated with poor prognosis aspects.  
Conclusion: Ki-67 index values are shown to be associated with breast cancer prognosis,  
supporting their role as prognostic biomarkers. 
 

 
Keywords: Breast cancer; Ki-67; prognosis; molecular subtypes. 
 

1. INTRODUCTION 
 
Breast cancer is highly heterogeneous in terms 
of its etiology and pathological characteristics, 
some cases are showing slow growth with 
excellent prognosis, whereas other cases are 
taking a highly aggressive clinical course. Much 
effort is made on the scientific, economical, and 
organizational levels for better understanding of 
the eliciting factors, the molecular motivations for 
progression and the best effective, least 
hazardous intervention lines [1]. 
 
The use of breast cancer biomarkers has been 
widely applied, such as Ki-67 that is considered 
one of the most promising ones. Cell proliferation 
is a mainstay in determination of BC 
invasiveness, and it is intimately related to the 
disease poor prognosis. Accordingly, attention is 
paid to Ki-67 as a proliferation index. Ki-67 is a 
time saving, little manipulated and relatively 
cheap method which require as small tissue 
sample as could be obtained from fine-needle 
aspirations (FNA) [2]. 
 
Considering these facts, this study aimed to 
evaluate the role of Ki-67 as a prognostic 
biomarker in Egyptian females with BC. 
 

2. PATIENTS AND METHODS 
 
2.1 Patients 
 
This is study was performed in Zagazig university 
hospital, Zagazig, Egypt, from January 2019 to 
January 2020. Zagazig university ethical 
committee approved the study. 
 

The study groups: 
 

 Group 1 (control): 30 healthy female 
subjects, age and BMI matching to the 
patient group. All showed normal 
screening mammogram with no family 
history of breast cancer, no history of 
breast mass, pain, abnormal discharge or 
breast skin changes. 

 Group 2 (patients): 120 breast cancer 
patients that were, with recently 
pathologically proved breast cancer, of 
different disease stages (I, II, III and IV):  

 
Stage I: T1N0M0.  
 
Stage II: T0N1M0, T1N1M0, T2N0M0, T2N1M0 
or T3N0M0.  
 
Stage III: T0N2M0, T1N2M0, T2N2M0, T3N1M0, 
T3N2M0, T4N0M0, T4N1M0, T4N2M0 or any T 
N3M0. 
 

Stage IV: any T any N M1. 
 

Patients clinical and pathological data [lesion 
size (T), node status (N), presence or absence of 
metastasis (M), tumor grading,ER, PR and HER2 
results] were retrived from patients medical 
records. Patients with smoking and or metabolic 
diseases as well as patients receiving hormone 
replacement therapy were excluded from the 
study. 
 

The study subjects were classified according to 
their molecular subtype [3]: 
 

1. Luminal A: ER and/or PR positive and 
HER2 negative. 

2. Luminal B: ER and/or PR positive and 
HER2 positive. 

3. Her2 positive (non-luminal): ER and PR 
negative and HER2 positive. 

4. Triple negative: ER negative, PR negative 
and HER2 negative. 

 
2.2 Methods 
 
Ki-67 index assessment 
 

- Immunohistochemistry was performed on 
5-lm slides of formalin-fixed and paraffin-
embedded archival tumor tissue.  

- A micro-oven was used for performing 
antigen retrieval for 20 minutes in citrate 
buffer pH 6.  
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- The Ki-67 antibody was diluted 1:500, 
incubated in a TechMate 500 plus (Dako) 
for 25 minutes, and visualized with 
diaminobenzidine. (clone MIB1, Dako, 
Glostrup, Denmark). 

- Immunohistochemistry for Ki-67 was 
performed on core needle biopsy samples.  

- Immunohistochemistry for Ki-67 was 
repeated on the surgical resection 
specimen for all cases.  

- Image Analysis: The slides stained with Ki-
67 were captured at a 3200 magnification 
hot spot. The measured area was about 
0.25 mm for the selected hot spot.  

- The Ki-67 index values were measured by 
digital image analysis software (Tissue 
Studio 64 Dual, version 3.5, Munich, 
Germany) [4]. 

 

2.2.1 Image analysis 
 

- This was performed by an experienced 
pathologist.  

- For proper expressing selected area, the 
pathologist excluded the normal breast 
tissue. However, some contamination with 
stromal and lymphoid tissue could not be 
excluded. 

- The interpreting pathologist scored at least 
1000 cells. These cell numbers were 
scored in fields that were seen to be 
representative on an initial overview of the 
whole section. 

- According to methodology of Arihiro et al. 
we distinguished normal cell elements from 
cancer cell nuclei on the image as 
following: "nuclei with little areas (32 lm2 
gross area, which was decided by a mean 
nuclear area of 50 infiltrating lymphocytes, 
31.7 lm2, and by mean nuclear area of 50 
normal ductal cells, 31.1 lm2) and spindle 
shape (more than 0.5 oval rate) were 
considered as lymphocytes, normal ductal 
cells, and stromal cell nuclei, respectively, 
and were excluded" [5]. 

 

2.3 Statistical Analysis 
 

MedCal_version 17.9.7 software was used for 
the analysis of the (MedCalc Software bib, 
Ostend, Belgium). Quantitave data were 
expressed as mean and standard deviation, 
while qualitative data were expressed as 
frequency and percentage. Nottingham 
prognostic index (NPI) values of the patients 
were calculated and interpreted [6]. Pearson 
tests were carried out for correlation tests. ROC 
curve analysis was done to estimate cutoff point 

for differentiation between healthy subjects and 
breast cancer patients.   
 

3. RESULTS 
 
Age and BMI (Table 1): Table 1 shows that there 
is no statistically significant difference in age and 
BMI among the different studied groups.  
 

3.1 Histopathological Type and Tumor 
Grade 

 

The most prevalent histolopathological type of 
BC (99 cases; 82.5%) was invasive ductal 
carcinoma (IDC). 9 cases (7.5 %) were invasive 
lobular carcinoma (ILC), 4 cases (3.34%) were 
mucinous carcinoma; 3 cases (2.5%) were 
medullary carcinoma, 3 cases (2.5%) were 
malignant phyllodes tumor and 2 cases (1.66%) 
were poorly differentiated carcinoma. Regarding 
to the tumor grade, 12 patients were of grade I 
(10%), 79 patients were of grade II (65.8%) and 
29 patients were of grade III (24.2%). 
 
Molecular subtype of breast cancer patients (Fig. 
1). 
 
Fig. 1 shows that the most prevalent molecular 
subtype of BC was Her2 positive type, with little 
smaller percent of the luminal B type and the 
least was luminal A type. 

 
NPI (Table 2): Table 2 shows that most of the 
patients were of moderate prognosis, and the 
least were of excellent prognosis according to 
NPI. 
 
Ki-67 index values (Tables 3, 4 and Fig. 2). 
 
Table 3 shows that there was significant 
difference between stage I and stage II patients 
regarding to the Ki-67 index values, no significant 
difference was noted between stage II and stage 
III patients and high significant difference 
between the stages III and IV. 
 
Table 4 shows that there were no significant 
difference between excellent and good prognosis 
groups regarding to the Ki-67 index values. 
Highly significant increase in this biomarkers as 
the prognosis get worse is evident. 

 
Fig. 2 shows that there was significant difference 
in the Ki67 among the different molecular 
subtypes of the breast cancer, with the         
highest percent was noted in the triple negative 
type. 



Table 1. Mean ± SD of women a

             Groups 
 
Parameter 

Control group 
(Group І) 
n =30 

Age (years) 48.3 + 9.7 
p  
BMI (kg/m2) 31.5 + 6.1 
p  

Fig. 1. Molecular  

 
 
Fig. 2. Percent of different categories of Ki

of the breast cancer patients (p<0.01)

Luminal A: 

Luminal B: 

Her2 positive

Triple negative
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Mean ± SD of women age and BMI among studied groups 
 

 Breast cancer group 
(Group IІa) 
Stage I n=30 

(Group IІb) 
Stage II n=30 

(Group IІc) 
Stage III n=30 

(Group IІd)
Stage IV 

50.1+ 12.4 49.3+9.9 48.9 +10.2 50.3+11.1
>0.05 >0.05 >0.05 >0.05
30.4+7.6 30.8+6.6 31.3 + 6.4 29.2+ 11.4
>0.05 >0.05 >0.05 >0.05

 

 
Molecular subtypes of breast cancer patients

 

Percent of different categories of Ki-67index values in the different molecular subtypes 
of the breast cancer patients (p<0.01) 

 

25, 21%

40, 33%

41, 34%

14, 12%

 
 
 
 

no.AJBGMB.58737 
 
 

 

 
 
 
 

(Group IІd) 
Stage IV n=30 
50.3+11.1 
>0.05 
29.2+ 11.4 
>0.05 

 

different molecular subtypes 
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Table 2. The breast cancer patients prognosis according to the NPI values 
 

Patients prognosis according to NPI N Percentage  
- Excellent prognosis. 2 1.67% 
- Good prognosis.  19 15.83 % 
- Moderate prognosis. 75 62.5% 
- Poor prognosis. 24 20% 
* Total 120 100% 

 
Table 3. The mean values of Ki-67 index values in the groups of the study 

 
Mean±SD C Stage I Stage II Stage III Stage IV 
KI-67(%)  24.7+12.7 27.5+15.7 28.7 +17.9 44.6+27.5 
p   <0.05 >0.05 <0.01 

 
Table 4. Mean ± SD of different biomarkers in the breast cancer patients after their 

stratification according to the NPI values 
 

Mean±SD Excellent 
prognosis (n= 2) 

Good prognosis 
(n= 19) 

Moderate prognosis 
(n= 75) 

Poor prognosis 
(n= 24) 

KI-67(%) 14.3 +6.44 16.7+6.3 27.3+11.5 39.7 +18.6 
p  >0.05 <0.01 <0.01 

 
Pearson correlation testing of the Ki-67 index 
values with the clinicopathological characteristics 
of the patients is shown in Table 5. It shows that 
KI-67 index values revealed significant positive 
association with the tumor size, node status, 
tumor grade and NPI values. 
 
The ROC curve analysis revealed that 22% Ki-67 
cutoff value was reliable to differentiate subjects 
with excellent and good prognosis from ones with 
moderate prognosis, and 31% Ki-67 cutoff value 
was reliable to differentiate subjects with 
moderate prognosis from those with poor 
prognosis. 
 

4. DISCUSSION 
 

Breast cancer, like other cancers, occurs 
because of an interaction between an 
environmental (external) factor and a genetically 
susceptible host [7]. Normal cells cycles include 
division and stopping division. Cells become 
cancerous when they lose their ability to stop 
dividing, and thereafter, disorganization of the 
attached cells occurs. Also the normal apoptotic 
process organization is lost. All over the world, 
breast cancer is the commonest malignancy in 
females. It comprises 22.9% of malignant tumors 
in females [8]. 
 
Prognostic markers are essential for 
management plan of various cancers. Ki-67 
index in breast cancer patients is recently 
considered as predictive and prognostic indicator 

for the disease [9]. However, its cutoff values is 
varied and not globally fixed. 
 
At the present, in view of the obviously simple 
and economic methodology in Ki-67 testing, this 
has been commonly used worldwide for the BC 
patients prognostic evaluation [10]. Previous 
studies showed considerable testing for the 
correlation between Ki-67 index values and 
prognosis of BC [2,11]. 
 
Table 5. Correlations between the Ki-67 index 

values and different clinic-pathological 
parameters in the breast cancer patients 

 
Variables Ki-67 

R P 
Age 0.12 >0.05 
Tumor size 0.6 <0.01 
Node status 0.68 <0.01 
Tumor grade 0.63 <0.01 
NPI values 0.61 <0.01 

 

In this study, we assessed the BC patients Ki-67 
values. There was significant difference between 
stage I and stage II patients, no significant 
difference between stage II and stage III patients 
and high significant difference between stage III 
and stage IV, who shows significant difference 
between them. Furthermore, we assessed the 
difference in Ki-67 levels after patients 
stratification according to the NPI categories into 
excellent, good, moderate and poor prognosis 
groups, our findings are supporting the 
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prognostic role of Ki-67, as there were significant 
differences among the good, moderate and poor 
prognosis groups. 
 
Various studies have evaluated the Ki-67 index 
values variation among the breast cancer 
molecular subtypes. Soliman et al. concluded a 
high Ki-67 index (> 15%) in 34% & 60% of Her2 
and triple negative breast cancer respectively 
[12]. On the other hand, we found an even high 
Ki-67 in these two subtypes of breast cancer; 
about 86.4% and 92.9% of Her2 and triple 
negative breast cancers respectively had Ki-67 > 
15% in our study. 
 
St. Gallen international expert consensus on 
primary therapy for early breast cancer 2013, 
defined surrogate clinicopathologic definitions of 
intrinsic breast cancer subtypes taken into 
account percentage of PR positivity (cutoff>20%) 
and Ki-67 index. There was a disagreement on 
the exact cutoffs for Ki-67 index. Although a 
cutoff value of 20% was proposed, especially for 
the adjuvant use of chemotherapy; however 
cutoff value of 14% beast correlated with gene 
expression definition of luminal A breast cancer 
[13]. 
 
We assessed the relation between Ki-67 levels 
and patients clinico-pathologic parameters, 
including patient age, tumor size, nodes status, 
the histopathological grade and NPI value. Ki-67 
levels showed no significant correlation with the 
patient’s age, while they showed significant 
correlation with tumor size, node staging, the  
histopathological grade and NPI values. It was 
reported that the Ki-67 high levels show 
significant association with poor prognosis, short 
survival, and high mortality rate [14,15,16]. None 
of the previous studies, to the best of our 
knowledge, has revealed that Ki-67 is 
significantly correlated with patient’s age, which 
is in concordance with this study [14,17]. Few 
studies concluded the Ki-67 significant 
correlation with tumor histopathological grade 
[18,19,20]. This result indicates the intimately 
related behavior of the tumor grade and the                       
Ki-67 status, both are related with                                  
active proliferation. However, further research                      
is needed before conclusion of the relationship of 
Ki-67 and tumor grade [21]. Bouzubar et                         
al results also were consistent with ours, as                            
they found significant correlation between                       
tumor histopathological grade and Ki-67 status, 
and no significant one between the age, the 
tumor size or the nodes staging and the Ki-67 
levels [22]. In contrary to our results, Molino et al. 

concluded significant association with node 
staging, as they found that N0 tumors are likely 
to have a lower Ki-67 levels [23]. Also, some 
studies concluded that Ki-67 was significantly 
positively correlated with tumor size, in which, 
lower Ki-67 levels are associated with smaller 
tumors [24]. However, in other studies, there was 
no significant correlation between Ki-67 and 
tumor grade [14]. 
 
Inconsistency in determining cutoff values is 
evident; this may be partially secondary to lack of 
validation of the inter-laboratory results. Previous  
meta-analysis studies concluded 25% ki67 as 
cutoff value [25], other studies suggested 20% 
Ki-67 as cut off value of impact the poor 
prognosis in breast cancer [26,27]. Another 
meta-analysis showed that elevated Ki67 levels 
were correlated with worse survival [28]. Most 
recently, Zhu et al study concluded that patients 
with Ki-67 > 30% were correlated with poor 
survival [29].  
 
ROC curve analysis in this study revealed that 
22% Ki-67 cut off value was reliable to 
differentiate subjects with excellent and good 
prognosis from ones with moderate prognosis, 
and 31% Ki-67 cut off value was reliable to 
differentiate subjects with moderate prognosis 
from those with poor prognosis.  
 

5. CONCLUSION 
 

Ki-67 index values are shown to be                         
associated with breast cancer prognosis, as                    
they revealed gradual increase with disease 
severity, and they showed significant positive 
correlation with tumor size, tumor grade, node 
status and NPI values, supporting their role as 
prognostic biomarkers. 22% Ki-67 cut off value 
was reliable to differentiate subjects with 
excellent and good prognosis from ones with 
moderate prognosis, and 31% Ki-67 cut off value 
was reliable to differentiate subjects with 
moderate prognosis from those with poor 
prognosis.  
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