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Introduction. Neoadjuvant chemotherapy (NACT) plays a crucial role in the multidisciplinary approach to treating breast cancer (BC), 
aimed at controlling tumor growth and achieving a complete morphological response. However, there is a concern about the risk 
of selecting more aggressive tumor cell clones due to intensive treatment. This concern makes identifying prognostic markers 
before NAC critical for assessing recurrence-free survival. Ki-67, a protein marker of cellular proliferation, is a significant indicator 
of tumor aggressiveness and chemotherapy effectiveness. High expression of Ki-67 may indicate not only a more aggressive 
tumor but also a higher likelihood of an effective response to chemotherapy. Information on Ki-67 expression and other clinical 
and molecular factors can significantly help tailor treatment strategies. Monitoring changes in Ki-67 levels before and after 
chemotherapy can provide essential insights into the tumor’s response to treatment. Materials and methods. The study included 
114 patients who underwent preoperative chemotherapy, and the goal of the study is to determine the correlation between 
radiological response and morphological response to treatment by formulating a statistical hypothesis. Conclusions. The study 
confirms a correlation between the dynamics of RECIST 1.1 status and changes in Ki-67 expression, indicating their interdependence 
as processes that reflect the efficacy of the therapeutic impact on the tumor. Particularly significant is the connection in patients 
with luminal-B BC, highlighting the importance of analyzing radiological parameters as predictors of treatment response and 
reduction in the tumor’s proliferative ability. These results could have significant clinical relevance, emphasizing the need to integrate 
data on tumor size and molecular markers, such as Ki-67, in evaluating the response to NACT. This approach allows for a more 
accurate prediction of treatment outcomes and adapting therapeutic strategies to patients’ needs. The research supports using 
a comprehensive approach to assess the prognosis of treatment response in BC patients, integrating clinical, radiological, and 
molecular parameters to ensure the best treatment strategies and increase the chances of therapy success.
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INTRODUCTION
NACT is an essential component of the comprehensive 

treatment strategy for BC and can significantly influence the overall 
strategy and outcomes. It is a systemic treatment method before 
tumor removal, with the primary goal of reducing tumor volume 
or achieving complete pathology response (pCR), which allows for 
the reduction of the surgery volume and improves the prognosis 
of overall and recurrence-free survival. Identifying prognostic 
markers before the start of neoadjuvant treatment is an essential issue 
for predicting tumor response. Between 3 to 10% of patients do not 
respond to neoadjuvant therapy and progress during preoperative 
chemotherapy. The primary resistance of the tumor mainly explains 
this. In such cases, a reasoned approach is the re-biopsy and re-
determination of the tumor’s receptor status. In practice, this often 
occurs during surgical intervention. As a rule, clinical or radiological 
progression does not affect the change in surgical tactics [1].

Biomarkers from specific protein complexes can be used to predict 
the tumor’s response to therapeutic interventions. One such protein 
marker is Ki-67. It is often used as a measure of cellular proliferation 
or the rate of cell division. In the context of BC, this indicator is usually 
considered to determine the tumor’s aggressiveness and make 
decisions regarding treatment tactics [2]. Its expression is a prognostic 
factor for chemotherapy efficacy [3].

High levels of Ki-67 are generally associated with a higher risk 
of recurrence and lower overall survival. However, a favorable response 
to chemotherapy (reducing the marker) can improve the prognosis. 
According to the international working group, Ki-67 has clinical validity, 
but its clinical utility is established only for prognosis evaluation. In the 
study of estrogen-receptor-positive, Her-2/neu-negative tumors, three 

groups were distinguished: 1) low expression level (≤5%); 2) intermediate 
(5–30%); and 3) high (>30%). It was found that high levels of Ki-67 were 
associated with lower recurrence-free survival, both in patients with 
affected lymph nodes (hazard ratio (HR) 1.59; 95% confidence interval 
(CI) 1.35–1.87) and in diseases with unaffected lymph nodes (HR 2.31; 
95% CI 1.83–2.92), as well as worse overall survival rates in BC patients 
with positive nodes (HR for death 2.33; 95% CI 1.83–2.95) and with 
negative nodes (HR 2.54; 95% CI 1.65–3.91) [4, 5].

There is a proportional relationship between the rate of cell 
division in the tumor, the higher Ki-67 index, and the effectiveness 
of chemotherapy. The change in Ki-67 expression after NACT for 
BC can vary in each specific case and depends on many factors, 
including the individual biological characteristics of the tumor, 
the type of BC (immunohistochemical subtype), the chemotherapy 
regimens used, the age of the patient, and comorbidities. Three 
scenarios of treatment response development should be considered:

Decrease in Ki-67: This is often considered a positive response 
to treatment, as it indicates that chemotherapy effectively reduces 
the proliferation rate of tumor cells. A significant decrease in Ki-
67 indicates a chemotherapeutic effect and may increase the chances 
of a more radical outcome from surgical intervention.

Stable Ki-67: In some cases, the marker expression may remain 
relatively stable after NACT. This suggests that chemotherapy does 
not significantly impact the cell proliferation rate. However, other 
factors, such as changes in tumor size or other molecular markers, 
may still indicate a positive response to treatment.

Increase in Ki-67: Although less common, there are cases where 
Ki-67 expression may increase after therapy. This could indicate 
either a lack of control over tumor growth by the chemotherapy, 
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requiring consideration of alternative treatment strategies, 
or heterogeneity within the initially defined tumor and greater 
aggressiveness of the residual tumor.

It is important to note that while changes in Ki-67 expression 
can provide valuable information, they are only part of the puzzle 
in assessing NACT efficacy for BC. Other factors, such as clinical 
and radiological evaluations, therapeutic damage to the tumor, and 
conversion of receptor status, collectively also play a crucial role 
in determining the effectiveness of treatment [6].

Ultimately, the interpretation of changes in Ki-67 expression 
should be carried out by a multidisciplinary team (tumor board 
or MDT) that includes clinical oncologists, chemotherapists, surgeons, 
and pathologists who consider all available clinical, radiological, and 
pathological data to make informed decisions regarding the current 
treatment plan for each patient. It should be noted that each listed 
factor is prognostically important and can be decisive in making 
the overall treatment strategy and adjusting the current tactic. A clear 
example is the conversion of the tumor’s receptor status. Quite often, 
a change or conversion of hormonal receptors and the receptor 
for human epidermal growth factor 2 (HER2) is observed when 
comparing primary tumors with metastases in the breast. Receptor 
conversion during the oncogenesis of BC is one of the critical factors 
affecting patient survival. Significant is the fact that patients who 
have undergone receptor conversion could significantly benefit 
from adjusting the treatment strategy. This underscores the necessity 
of precise monitoring of the tumor’s molecular profile at all stages 
of the disease (initial diagnosis and post-operative biopsy material) 
to optimize therapeutic approaches [7–9].

In the context of neoadjuvant hormonal therapy for BC, the re-
determination of Ki-67 to assess dynamics can play a decisive role 
and indicate the need to change the tactics of pharmacological 
treatment. It should be noted that any positive tumor response, such 
as a reduction in its size, a decrease in Ki-67 expression, therapeutic 
damage to the tumor, etc., increases the chances of recurrence-free 
and overall survival of patients [10].

Using ultrasound diagnostics (US) and/or mammography 
is widely accepted for primary visualization and assessment 
of dynamics in local stages of BC [11].

The role of computed tomography (CT) in the initial disease 
assessment and disease control evaluation remains undetermined. 
According to selective data, CT and/or positron emission 
tomography (PET-CT) is not routinely performed to diagnose 
primary BC; however, in some subtypes, it may correlate with 
histopathological variants of the primary tumor [12].

Indications for performing a CT scan include localized bone pain 
or elevated blood alkaline phosphatase levels, liver function impairment, 
abdominal or pelvic pain, symptoms of respiratory system involvement 
(cough, hemoptysis, dyspnea, etc.), and stage III–IV cancer according 
to American Joint Committee on Cancer (AJCC) criteria. However, 
in the latter case, if PET-CT is available and covered by national programs 
and/or private insurance, this method of investigation is preferred [13, 14].

The common practice involves the initial marking of lesions 
followed by their evaluation according to RECIST 1.1 criteria in the 
context of NACT for BC. However, the choice of imaging method 
should be the one that proved to be the most informative during 
initial diagnosis and preoperative treatment. Additionally, the process 
of assessing dynamics may depend on the financial capability 
of a specific medical center or the healthcare system as a whole.

A crucial issue is the lack of correspondence between 
tumor imaging data and the final morphological burden. This 
discrepancy can be related to different models of tumor response 
to neoadjuvant treatment: symmetric reduction of tumor mass 
(concentric narrowing), formation of fibrosis, complete resorption 
of tumor mass, and preservation of microscopic foci of the invasive 
component. Many patients with a complete radiological response 
may have residual invasive disease [15].

Some studies confirm the association between radiological and 
pathomorphological responses of the tumor. Still, this connection 
should be considered probable because during treatment, the 

cancer may be replaced by granuloma-like or fibrous tissue. This 
transformation can affect the accuracy of radiological assessments 
in predicting the pathomorphological outcome, highlighting 
the complexity of interpreting imaging results in the context 
of neoadjuvant treatment for BC [16].

Ultimately, only the surgical stage of treatment, followed 
by the examination of the tumor bed, can definitively determine 
the dynamics, results of the morphological response, and 
conversion of receptor status. This underscores the importance 
of surgical intervention and subsequent pathological analysis 
in the comprehensive assessment of treatment efficacy and tumor 
behavior in response to neoadjuvant therapy for BC [17].

One issue that requires further study is the relationship 
between the radiological response of the tumor and the reduction 
of Ki-67. This can be used as an indirect prognostic marker 
indicating the  effectiveness of the preoperative treatment 
administered. The most pressing question is the dependency 
between the radiological and morphological responses in those 
BC subtypes with a statistically lower likelihood of response 
to NACT, such as luminal-B BC. According to a meta-analysis, 
the frequency of achieving a pCR based on all 52 studies was 
21.1% (range: 10.1–74.2%), with the highest pCR rates observed 
in HER2+ tumors — 36.4% (range: 17.5–74.2%) and TN (triple-
negative) tumors  — 32.6% (range: 20.3–62.2%), and the lowest 
in HR+/HER2- tumors — 9.3% (range: 5.5–31.3%). This highlights 
the variability in treatment response across different BC subtypes 
and underscores the need for personalized treatment strategies based 
on tumor biology and predictive markers [18, 19].

For HER2-positive/hormone-negative BC treated without 
the use of trastuzumab, the frequency of pCR is 30.2%, whereas 
for hormone-positive/HER2-negative BC, the rate was 16.2%. 
This distinction highlights the impact of targeted therapies and 
the  biological characteristics of the tumor on the effectiveness 
of NACT, demonstrating the significance of HER2 status 
in predicting treatment response and the necessity for tailored 
therapeutic approaches based on tumor subtype [20].

Within the scope of a scientific project by the Department 
of Oncology and Medical Radiology at Dnipro State Medical University, 
research is being conducted on the efficacy of adding metformin 
to standard NACT regimens for BC. One of the study’s objectives 
is to identify prognostic markers of treatment efficacy in both the control 
and experimental groups. This research explores the potential benefits 
of integrating metformin, a commonly used medication for type 
II diabetes, with existing BC treatment protocols, potentially offering 
a novel approach to enhancing therapeutic outcomes through the 
modulation of metabolic pathways [21].

AIM 
To investigate the relationship between the morphological 

and radiological responses of the tumor by formulating a statistical 
hypothesis and conducting statistical analysis to determine 
the correlation.

MATERIALS AND METHODS 
A null and alternative hypotheses have been formulated 

to achieve the set objective.
The null hypothesis (H0) asserts that there is no correlation 

between the dynamics of RECIST 1.1 status upon completion 
of treatment and the dynamics of the immunohistochemical marker 
Ki-67 for predicting the tumor’s response to NACT.

The alternative hypothesis (H1) states that there is a correlation 
between the dynamics of RECIST 1.1 status upon completion 
of treatment and the dynamics of the immunohistochemical marker 
Ki-67 for predicting the tumor’s response to NACT.

The study included 114 BC patients treated at the Municipal 
Clinical Hospital № 4 of Dnipro Municipal Council from November 
2020 to January 2024. The patients were in stages I–III at the beginning 
of the treatment (T1-4, N1-3, M0, G1-3, according to the AJCC 
8th edition of 2018). They required NACT as decided by the MDT 
(order of the institution № 31). Manual examination, radiological 
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study (CT with intravenous contrast), and data from histological and 
immunohistochemical studies were used to establish the stage.

A core needle biopsy was performed under infiltrative 
analgesia with sonological navigation. An initial assessment 
of the immunohistochemical subtype and determination of Ki-67 status 
were conducted for all patients according to the current protocol using 
«Vitro master diagnostica — Rabbit Anti-Human Ki-67 Monoclonal 
Antibody (Clone SP6) MAD-000310QD-7», made in Spain.

The init ia l  tumor s ize  was  determined according 
to RECIST  1.1 criteria by the longest axis for breast lesions and 
the shortest axis for lymph nodes. An interim assessment of dynamics 
was conducted in the middle of the planned treatment course (after 
2–4 cycles of NACT), and the final evaluation of disease dynamics 
was carried out on the 10–14th day after the last NACT course. 
Radiological evaluations were performed using RADIANT Dicom 
Viewer CD/DVD software version 2023.1 [22].

Surgical treatment followed by histological examination 
of the tumor was carried out no earlier than 21 days and no later than 
42 days after the last course of chemotherapy, provided the patient 
had fully recovered somatically and laboratory-wise. Most often, 
the surgery was performed during the fourth week after the end 
of NACT. All patients included in the study received treatment 
based on taxanes with or without anthracyclines (4AC + 4T or 4AC 
+12T, 4–8 cycles of TC) with or without the addition of trastuzumab 
(depending on the overexpression or amplification of HER2). This 
approach reflects the tailored treatment strategy aimed at optimizing 
therapeutic outcomes by considering the specific characteristics 
of the tumor, including its HER2 status, which is crucial for guiding 
targeted therapies like trastuzumab [23–25].

Statistical analysis was conducted using the software Minitab 19, 
Product version: Minitab® 19.1.1 (64-bit). For the mathematical 
calculation of radiological dynamics for each case, the formula 
«а/b•100−100» was used, where «a» is the final measurement of marker 
lesions, and «b» is the initial measurement of marker lesions. To determine 
the dynamics of the Ki-67 marker, the formula «100−(c•100/d)» was 
utilized, where «c» is the Ki-67 measurement in postoperative material, 
and «d» is the initial measurement in biopsy material.

Patient consent for treatment diagnostic procedures, including 
invasive ones, was obtained following Order № 751 of the Ministry 
of Health of Ukraine, dated September 29, 2012. Considering that 
the data presented in this work are part of the scientific research 
of the Department of Oncology and Medical Radiology of Dnipro State 
Medical University, informed consent was collected from each patient 
for participation in the study, including conducting surveys via «Google 
Forms» regarding adverse effects of the treatment. This approach ensures 
ethical compliance and patient rights protection in the research process.

RESULTS AND DISCUSSION 
Statistical analysis was conducted on the NACT results 

of 114 patients. By immunohistochemical subtypes, the study group 
was distributed as follows: no cases of luminal-A phenotype — 0% 
(n=0); luminal B-Her-2/neu negative constituted 44.74% (n=51); 
luminal-B-Her-2/neu positive constituted 18.42% (n=21); 
Her-2/neu positive constituted 10.52% (n=12); triple-negative 
constituted 26.32% (n=30). The average Ki-67 before treatment 
started was 43.31%, with a mode of 34%. The average Ki-67 after 
treatment completion was 13.25%, with a mode of 0%. A pCR 
was achieved by 54 patients, which is 47.36% of the total cases. 
Among the group of patients with luminal-B BC, pCR was achieved 
by 27 patients, which is 36.99% of the entire group (according to the 
literature, achieving a complete morphological response to NACT 
ranges from 9.3 to 16.2%).

The average sum of marker sizes of primary tumors and marker 
lymph nodes before treatment, according to initial CT diagnostics, was 
56.07 mm. The average sum of marker sizes of primary tumors and marker 
lymph nodes at the first CT (after 2–4 courses from the start of treatment) 
control was −32.54 mm, which was −41.7% by RECIST 1.1 criteria. The 
same indicator after the completion of NACT was 22.85 mm, which 
by RECIST 1.1 criteria equals −59.48%.

A complete radiological response (corresponding to a complete 
clinical response) by RECIST 1.1 criteria was achieved by 19 patients, 
constituting 16.66%, and a partial radiological response was achieved 
by 76 patients, making up 66.7%, stabilization was achieved 
by 19 patients, which is 16.66%. Radiological progression, as a sign 
of primary tumor resistance during treatment, was established in only 
one case. Still, it was determined from the interim CT control 
(+24.6%), and when determining from the initial measurement, the 
total increase was 3.44%. Of the 19 patients who achieved a complete 
radiological response, 84% also achieved pCR. Among those who 
achieved a partial radiological response, 42.1% (n=32) achieved pCR.

Depending on the immunophenotype of the tumor, 
the  radiological (clinical) response to NACT was distributed 
as follows (Fig. 1). Thus, in patients with luminal-B Her2/neu 
negative BC, a complete radiological response (cRR) occurred 
in 8%, a partial radiological response (pRR) in 72%, and 
radiological disease stabilization (rDS) in 20%; in women with 
luminal-B Her2/neu positive BC, cRR occurred in 23.8%, 
PR in 76.2%, and rDS in 0%; in women with Her2/neu positive BC, 
cRR occurred in 25%, rPR in 66.6%, and rDS in 8.4%; in women 
with triple-negative BC, cRR occurred in 22.58%, rPR in 51.61%, 
rDS in 22.58%, and radiological progression of the disease in 3.23%.

Thus, for all studied immunophenotypes of BC, a correlation 
was found between the dynamics of Ki67 level and the tumor 
response according to RECIST 1.1 criteria, which was −0.398 (95% 
CI for ρ (−0.547; −0.224), p-value <0.001) (Fig. 2).

The highest correlation was observed in patients with 
luminal-B BC (both phenotypes). For this group of patients, 
the  correlation coefficient was −0.432 (95% CI for ρ (−0.610; 
−0.213), p-value <0.001) (Fig. 3).

Additionally, the correlation between the degree of therapeutic 
pathomorphosis of the tumor (according to G.O. Lavnikova) was 
studied. This indicator was −0.459 (95% CI for ρ (−0.599; −0.292), 
p-value <0.001) (Fig. 4).

CONCLUSIONS
Based on the correlation calculations between the dynamics 

of tumor sizes according to RECIST 1.1 criteria and the proliferation 
marker Ki-67 at the beginning and end of treatment for predicting 
the  tumor response to NACT, we can conclude that the null 
hypothesis (H0) is rejected. The alternative hypothesis (H1) is accepted.

The results of the calculations obtained are statistically 
significant. The negative correlation coefficient (−0.398) indicates 
an inverse relationship between the dynamics of RECIST 1.1 status 
and Ki-67 level and therapeutic pathomorphosis of the tumor: with 
an improvement in radiological response (decrease in tumor size), 
there is a decrease in the proliferative activity of the cancer (decrease 
of level Ki-67) and an increase in therapeutic damage to the cancer.

The correlation is higher for luminal-B BC, at −0.432, and even 
higher for determining the overall pathomorphosis with radiological 
response at −0.459. However, since the points are scattered throughout 
the graph, this may indicate the presence of other variables affecting 
treatment outcomes that are not accounted for in this analysis.
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These results confirm the hypothesis that the reduction 
in tumor size and the decrease of level Ki-67 are interconnected 
processes that reflect the effectiveness of the therapeutic impact 
on the tumor, especially in the group of patients with luminal-B BC, 
and highlight the importance of this subtype as a significant predictor 
of treatment response. The high p-values in all three analyses 
show that the correlations are statistically significant, confirming 
the  conclusions and indicating the possibility of using these 
parameters as biomarkers for predicting treatment efficacy 
in patients with BC.

CLINICAL IMPLEMENTATION 
These results have important clinical significance, as they 

confirm the feasibility of using a combined assessment of the response 
to neoadjuvant treatment by considering the tumor response according 
to RECIST 1.1 criteria and the Ki-67 proliferation marker in patients 
with BC. They allow not only the evaluation of the dynamics of tumor 
sizes but also the consideration of changes at the molecular level, 
which can contribute to a more accurate prediction of treatment 
outcomes and the adaptation of therapeutic strategies.
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to Lavnikova, correlation coefficient −0.459 (95% CI for ρ 
(−0.599; −0.292), p-value <0.001)
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Аналіз взаємозв’язку між динамікою експресії 
Ki-67 та динамікою RECIST 1.1 під час 
проведення неоад’ювантної хіміотерапії раку 
грудей. Прогнозування морфологічної відповіді
Д.І. Аверін1, 2, В.Ф. Завізіон1

1Дніпровський державний медичний університет, Україна
2Комунальне некомерційне підприємство «Міська клінічна 

лікарня № 4» Дніпровської міської ради, Україна

Вступ. Неоад’ювантна хіміотерапія (НАХТ) відіграє 
ключову роль у мультидисциплінарному підході до лікуван-
ня раку молочної залози (РМЗ), спрямованому на контроль 
пухлинного росту та досягнення повної морфологічної 

відповіді. Однак виникає питання про  ризик селекції 
агресивніших клонів пухлинних клітин через інтенсивну 
терапію, що робить визначення прогностичних маркерів 
перед НАХТ критично важливим для оцінки безрецидив-
ної виживаності. Ki-67, білковий маркер клітинної про-
ліферації, є значущим індикатором агресивності пухлини 
та ефективності хіміотерапії. Висока експресія Ki-67 може 
вказувати на  більш агресивну форму пухлини, але також 
на вищу ймовірність ефективної відповіді на хіміотерапію. 
Важливо, що інформація про  експресію Ki-67 поєднано 
з  іншими клінічними та молекулярними факторами може 
допомогти адаптувати стратегії лікування. Моніторинг змін 
рівня Ki-67 до і після проведення хіміотерапії може надати 
важливу інформацію про відповідь пухлини на лікування. 
Матеріали та методи. У дослідження залучено 114 хворих, 
що проходили передопераційну хіміотерапію, а метою до-
слідження є визначення взаємозвʼязку між рентгенологічною 
та морфологічною відповіддю на лікування шляхом форму-
лювання статистичної гіпотези. Результати. У дослідженні 
підтверджено кореляцію між динамікою статусу RECIST 
1.1 та змінами в експресії Ki-67, акцентовано увагу на їх вза-
ємозалежність як процесів, що відображають ефективність 
впливу лікування на пухлину. Особливо значущим є зв’язок 
у пацієнтів групи з люмінальним-В РМЗ, що вказує на важ-
ливість аналізу рентгенологічних параметрів як предиктора 
відповіді на лікування, зниження проліферативної здатності 
пухлини. Висновки. Ці результати можуть мати достатнє 
клінічне значення, підкреслюючи необхідність інтеграції 
даних про  розмір пухлини та молекулярні маркери, такі 
як Ki-67, у процесі оцінки відповіді на НАХТ. Такий підхід 
дозволяє більш точно прогнозувати результати лікування 
та адаптувати терапевтичні стратегії до індивідуальних по-
треб пацієнтів. У дослідженні підтримується використання 
комплексного підходу до оцінки прогнозу відповіді на ліку-
вання у пацієнтів з РМЗ, інтегруючи клінічні, радіологічні 
та молекулярні параметри, щоб забезпечити найкращу 
стратегію лікування та підвищити шанси на успіх терапії.

Ключові слова: RECIST 1.1; Ki-67 динаміка; рак молочної 
залози; неоадʼювантна хіміотерапія.
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