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Abstract 

Breast cancer oncosurgery in its therapeutic and diagnostic strategies largely bases upon a 

considerable spectrum of laboratory findings. In the following article is presented a deep analysis of 

the series of studies devoted to the importance of oncological markers in practice, the necessity in 

proliferative activity index of the tumor to be determined, the diagnostic value of Ki-67 marker 

expression level for solving such tasks as evaluation of malignancy, selection of the best treatment 

strategy, adjuvant or neoadjuvant therapy, as well as the medical intervention results evaluation. On 

the grounds of the results, conclusions regarding the importance of determining the Ki-67 marker 

expression level as a comprehensive part of breast cancer diagnostics, the choice of proper 

treatment strategy and estimation of the one were made. 

Key words: tumor marker Ki-67; neoadjuvant therapy; proliferation marker; 

immunohistochemical study. 

 

Breast cancer (BC), according to WHO, ranks first in whole-world structure of 

oncopathology. According to official data from National Cancer Institute (Kyiv, Ukraine), the 

standardized international BC incidence rate in Ukraine in 2022-2023 years was 67.5 per 100,000 

population. 
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Approaches and protocols for BC diagnosing, treating and therapy final results evaluating 

for different age groups and for different clinical situations have changed significantly in the world. 

First of all, this is due to the identification of a spectrum of different morphological, histological, 

biochemical and genetic features of tumours. That’s why the tactics for BC diagnosing and treating 

are entirely based on the most accurate tumour morphological verification with the determination of 

such key parameters as levels of expression of markers of proliferation, steroid hormone receptors 

and growth factors. The importance of the issue of certain tumours parameters both individual and 

complex evaluation is dictated by known nonlinear correlation between the biological properties of 

neoplasm. 

A search of criteria that allow to verify objectively the degree of histological and biological 

malignancy is still underway. The leading factor in both the mechanism of cellular malignant 

transformation and already arisen tumour biological behavior is their proliferative activity. This is 

one of the most important characteristics of tumour phenotype which largely determines the 

neoplasm growth rate, the risk of metastasis, the potential response to therapeutic measures and 

oncological disease outcome. Many factors that determine the oncological diseases course and 

outcome mediate their pathogenetic influence on tumour through changes in proliferative activity 

[1]. 

Hence, the human tumour cells proliferative activity correlates with the degree of their 

histological and biological malignancy. The immunohistochemical determination of the 

proliferation index in Ki-67 (MIB-1) expression investigation is a necessary routine study in 

oncological diseases. 

The Ki-67 antigen is a specific and optimal for widespread use in pathological practice 

marker of proliferation. It is a nuclear antigen that was first described by Gerdes et al. in 1983. It is 

the main part of the nuclear matrix which is associated with chromosomes of the mitosis phase 

during interphase. Ki-67 is a dimeric molecule that has a close relationship with chromosome 10; it 

consists of two polypeptide chains with molecular masses of 345 and 395 kDa. The specific role of 

this protein in the process of cell division has not yet been clearly established. 

The aim of the work is to evaluate the role of proliferative activity biological marker as 

part of patients with uterine cancer and breast cancer complex treatment, to compare the results of 

cell proliferation before and after the specialized treatment. 

1. Ki-67 biological role and properties 

It is necessary to evaluate the tumour cells proliferative activity not only for tumours 

biological characteristics determination but also for a selective approach to therapy choice. The 

index of proliferative activity in different tumours has different values, being an independent 

prognostic sign that determines the disease both clinical course and prognosis. 
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Ki-67 protein is an objective marker of cellular proliferative activity. It expresses starting 

from the late G1 phase of the cell cycle, then continues throughout the S, G2 and M phases and thus 

allows to detect the entire proliferative pathway of the tumour. It was believed that since estrogens 

have a proliferative effect on hormone-dependent cells, including tumour cells, a high level of 

estrogen receptors should directly correlate with proliferative activity. 

Various methods are used to assess tumour proliferative activity including counting mitotic 

figures in the field of view, labelled nucleotides using and assessing the signal from a drug 

incorporated into the DNA structure together with flow cytometry of the fraction of cells in the S 

phase of cell cycle [2]. One could stress that Ki-67-intranuclear antigen immunohistochemical 

determination during all cellular phases except of G0 phase is the most practical tool [3]. 

There is no definitive opinion concerning the Ki-67 prognostic role for BC early till now 

despite a significant number of clinical studies aimed at establishing a relationship between 

therapeutic strategy and Ki-67 levels [4]. The meta-analysis conducted by Urruticoechea et al. 

included 18 case series studies with more than 200 patients. A statistically significant correlation was 

found between the BC prognosis and Ki-67 expression in 17 of the 18 studies although there was no 

single reference level of Ki-67. Therefore, there are no precise criteria for distinguishing between 

antigen both high and low levels [5]. The highest risks of low Ki-67 levels in these studies were data 

from 1 till 28.7% which slightly reduces this marker clinical value [5, 6]. 

The American Society of Clinical Oncology Tumour Marker Guidelines Committee found 

that there is still insufficient evidence to support Ki-67 prognostic value in clinical practice to 

recommend its routine use in patients with newly diagnosed BC [6]. 

If specific tumour groups are identified where this marker can be used, or Ki-67 is included 

as one of the biomarker panels, its clinical value for adjuvant BC therapy might be enhanced. 

Cuzick J. recommends an immunohistochemical panel using based on four markers detection 

including both estrogen and progesterone receptors, HER2/neu and Ki-67 [7]. 

Other research groups present data on the importance of Ki-67 determining as a step in the 

prognostic algorithm for recurrence detecting in patients with early ИС who are receiving 

tamoxifen and letrozole as adjuvant therapy. 

Other scientific works indicate studies on Ki-67 predictive role in case chemotherapy 

necessity in patients with estrogen-positive tumours as well as a high Ki-67 index as a result of 

adjuvant chemotherapy. 

In the randomized clinical trial PACS01, docetaxel was added to epirubicin and 5-

fluorouracil as adjuvant chemotherapy in patients with estrogen-positive tumours and high Ki-67 

index [8]. These results were confirmed in the Cancer International Research Group 001 trial [9]. 

However, the results are not consistent with the International Breast Cancer Study Group Trials 
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VIII and IX. These studies showed high Ki-67 expression predictive role in the group with receptor-

positive BC without evidence of disease in the lymph nodes related to adjuvant therapy with 

methotrexate, cyclophosphamide and 5-fluorouracil in addition to endocrine therapy [10]. 

Therefore, it is very important to conduct studies aimed to patients with high Ki-67 indexes 

identification who will be able to get the maximum benefit from different adjuvant chemotherapy 

regimens. 

2. Ki-67 predictive role in neoadjuvant therapy 

The purpose of neoadjuvant chemotherapy is to improve the results of surgical treatment by 

reducing the volume of surgical intervention and tumour partial devitalization. Additionally, 

preoperative chemotherapy allows to evaluate the therapeutic pathomorphosis, thus, to determine 

the range of drugs for adjuvant therapy. At this stage, it is also important to search clinical, 

biochemical and molecular prognostic factors correlated with chemotherapy efficacy [11]. 

The predictive role of Ki-67 in hormonal therapy initiation is not as fully described as for 

chemotherapy, but some authors point the importance of Ki-67 determination [11]. Ki-67 index 

evaluation in hormonal therapy was performed within the framework of two studies: IMRACT, 

which compared the neoadjuvant therapy with anastrozole, tamoxifen and anastrozole and 

tamoxifen combination efficacy [12] as well as P024 study, which compared the letrozole 

administration with tamoxifen administration in neoadjuvant regimen [13]. While Ki-67 index 

comparing in these studies, a correlation was shown between the Ki-67 values suppression during 

treatment and the frequency of relapse after neoadjuvant hormonal therapy [12, 13]. The P024 study 

data demonstrated that Ki-67 index, additionally to such indexes as tumour size, regional lymph 

node status and PE expression, is an independent predictor of overall and relapse-free survival [13]. 

Therefore, a preoperative prognostic endocrine index (PPEI) was formed which is a valid 

predictor of long-term results in IMPACT study [12, 14]. In Ellis M.J. et al. study it was shown that 

groups of patients with a low risk of recurrence after hormonal therapy can be distinguished on the 

basis of PPEI. The additional chemotherapy course in not obvious for them. Using this index, one 

could identify the groups of patients resistant to hormonal therapy who require chemotherapy [14]. 

Thus, the zero category based on PPEI calculation includes tumours with a size of less than 5 cm 

after preoperative treatment, with a negative lymph node status, Ki-67 levels <2.7% and PE >2. In this 

group of patients, endocrine therapy can be continued in the adjuvant setting, while patients with Ki-67 

levels of 10% should be prescribed chemotherapy. The above results were obtained in the Z1031 cohort 

study [14, 15]. 

These results were confirmed in large ATAC and Breast International Group 1-98 trials, 

which studied tamoxifen, anastrozole and a combination of drugs in the adjuvant setting [16, 17]. 
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Similar results were obtained in Z1031 study performed by American College of Surgeons 

Oncology Group [18]. It compared the exemestane neoadjuvant administration and anastrozole 

administration. When compared these drugs efficacy, no differences in the degree of Ki-67 index 

reduction were found; the results are comparable to the results of the NCIC CTG MA.27 study, 

which obtained similar survival rates with therapy with the described drugs in the adjuvant regimen 

[19]. 

A number of experiments were performed based on these studies results including a 2-week 

course of neoadjuvant hormone therapy. The endpoint of the study was the Ki-67 index 

determination [19-21]. 

Smith I.E. et al. evaluated the efficacy of gefitinib and anastrozole combination. Ki-67 index 

was considered as the primary endpoint of the study, which was a measure of tumour response to 

therapy. A positive effect of gefitinib on both survival rates and the degree of Ki-67 reduction was 

shown [22]. 

3. Ki-67 as an endpoint in drug pharmacodynamics studies 

The absence of Ki-67 decrease during treatment may be a predictor of adverse outcome. The 

IMPACT study demonstrated that Ki-67 is a reliable predictor of survival with endocrine therapy. 

The results of 2-week endocrine therapy showed that time to progression correlates with the level of 

Ki-67 before the start of therapy. According to Dowsett M. et al., the value of Ki-67 after the above 

therapy can be considered as an index of residual disease after endocrine therapy. The importance 

of Ki-67 index determination 2 weeks after neoadjuvant endocrine therapy was shown by the 

POETIC study, which included 4000 patients who received perioperative endocrine therapy [15]. 

The value of Ki-67 index changes dynamics throughout the neoadjuvant chemotherapy is 

less expressed than in the case of endocrine therapy. Ki-67 level decrease occurs in majority cases 

of neoadjuvant chemotherapy, but the degree of this sign reduction expression correlates with the 

degree of response [23]. Jones R.L. et al. showed that the absences of Ki-67 level reduction along 

with complete pathomorphosis absence are predictors of the disease unfavourable outcome [24]. 

Conclusions. 

Thus, the tumor marker Ki-67 is one of the most necessary in oncology for morphological 

determination of the degree of neoplasm malignancy, one of the additional criteria for malignant 

neoplasms diagnosing and resolving the question concerning the type of additional conservative 

treatment in adjuvant and/or neoadjuvant regimens. 
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