
 

294  Cheshuk et al. Arch Breast Cancer 2025; Vol. 12, No. 3: 294-302 

 

*Address for correspondence: 
Valerii Cheshuk, professor,  
O.Bogomolets National Medical University,  
Oncology Department, 03028, 8, Saperno-Slobidska str., 
apt.235, Kyiv, Ukraine 
Email: v.cheshuk@gmail.com 

 

DOI: 10.32768/abc.9253819307482 

Results of Neoadjuvant Chemotherapy in ER-Positive HER2/neu-
Negative Breast Cancer After 2–8 Courses 

Valeri Cheshuka , Milan Maletsb , Vitaly Gurianova , Liudmyla Novokhatskaa  

aO.Bogomolets National Medical University, Kyiv, Ukraine 

bKyiv City Clinical Oncology Center, Kyiv, Ukraine 

ARTICLE INFO ABSTRACT 

Received: 
4 February 2025 
Revised: 
15 May 2025 
Accepted: 
15 May 2025 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 Keywords:  
breast cancer, 
neoadjuvant 
chemotherapy, pathologic 
complete response, Ki-67 

Background: Neoadjuvant chemotherapy (NCT) is an optimal treatment for 

estrogen receptor (ER)-positive/human epidermal growth factor receptor 2 

(HER2/neu)-negative breast cancer. We evaluated the results after 2, 4, 6, and 8 

courses. 

Methods: We conducted a retrospective analysis of the effectiveness of 2 to 8 

courses of NCT in 121 patients. NCT consisted of doxorubicin, endoxan, and 

docetaxel. After NCT, all patients received surgery, radiation, and endocrine 

therapy.  

Results: In Group 2, treatment showed no effect in 1 case (4%), while partial 

response was observed in 6 cases (23%) and stabilization in 19 cases (73%). In the 4-

course group, there was no treatment effect in 2 cases (6.5%), partial response in 15 

cases (48.4%), and stabilization in 13 cases (41.9%). Additionally, 1 case (3.1%) 

achieved a pathologic complete response (pCR). In the 6-course group, 1 case 

(3.1%) showed no treatment effect, 18 cases (56.3%) had a partial response, and 8 

cases (25%) exhibited stabilization. A pCR was achieved in 5 cases (15.6%). In 

the final group (8 courses), 1 case (3.1%) had no treatment response, 18 cases 

(56.3%) demonstrated partial response, and 4 cases (12.5%) showed 

stabilization, with 9 cases (28.1%) achieving pCR. 

The 5-year cancer-specific survival rate ranged from 88.1 ± 6.4% to 96.8 ± 3.2%. 

Conclusion: Two courses of NCT were ineffective. Tumor progression occurred 

in 3% to 6% of cases, while the Ki-67 index increased by 9.4% to 22.6%. A pCR 

was achieved in 3.2% to 15.6% of patients after 4 to 6 courses. Intermediate tumor 

biopsy can identify cases of treatment resistance or high chemosensitivity.  
Copyright © 2025. This is an open-access article distributed under the terms of the Creative Commons Attribution-Non-Commercial 4.0 International License, which permits 

copy and redistribution of the material in any medium or format or adapt, remix, transform, and build upon the material for any purpose, except for commercial purposes. 

  

INTRODUCTION 

Neoadjuvant (preoperative) chemotherapy 

(NCT) is the preferred treatment approach for patients 

with stage II-III estrogen receptor (ER)-

positive/human epidermal growth factor receptor 2 

(HER2)-negative breast cancer who desire breast 

conservation.1,2 According to international 

guidelines, the optimal regimen consists of 8 courses: 

4 cycles of AC (doxorubicin + cyclophosphamide) 

followed by 4 cycles of docetaxel (D) or paclitaxel 

(P), administered at 21-day intervals. This treatment 

protocol enables tumor and lymph node metastasis 

regression, facilitates downstaging, and increases the 

likelihood of successful breast-conserving surgery. 

Furthermore, achieving a complete pathological 

response (pCR) with this regimen is associated with 

improved long-term recurrence-free survival.2 It is 

clear that chemotherapy can induce complications, 

such as cardiopathy, neutropenia, and neuropathy. In 
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some cases, when luminal breast cancer is resistant to 

chemotherapy, treatment can be changed to 

preoperative (neoadjuvant) endocrine therapy (NET). 

Recent evidence suggests neoadjuvant endocrine 

therapy (NET) has emerged as a viable alternative and 

potentially the primary preoperative treatment 

approach for stage II-III ER-positive/HER2-negative 

breast cancer.1,5 The best methods for assessing tumor 

regression are magnetic resonance imaging (MRI), 

ultrasound, mammography and assessment of tumor 

cellularity after NCT, along with changes in Ki-676,7, 

At the same time, a decreased Ki-67 value correlates 

with the residual tumor mass (i.e., residual cancer 

burden) and cellularity8-11 or pathomorphosis.  

Multiple classification systems exist for 

evaluating response to neoadjuvant therapy, 

including the Chevallier, Bonadonna, and Smith 

criteria. While these systems differ slightly in their 

specifics, they all categorize responses along a 

spectrum ranging from complete pathological 

response to no tumor response. This raises a critical 

clinical question: can treatment be safely 

discontinued before completing all 8 courses when 

either (1) complete pathological response is achieved 

early, or (2) when chemotherapy proves ineffective, 

necessitating either regimen modification or 

transition to endocrine therapy? The key challenge 

lies in accurately identifying these scenarios during 

treatment. During NCT, with an interval of every 2 

courses, an examination of the tumor and metastases 

in the lymph nodes (mammography, ultrasound, 

MRI) is carried out. But these techniques do not 

guarantee full compliance of radiological changes 

with morphological ones. Thus, it is imperative to 

conduct an intermediate (repeated or intercourse) 

biopsy of the tumor, which will provide accurate 

information about morphological changes in response 

to treatment. 

 

METHODS 

We evaluated the results of 2, 4, 6, and 8 courses 

of NCT, from 2018 to 2019, in the Kyiv Clinical 

Oncology Center. In our clinical practice, the full 8-

course NCT regimen was not routinely administered 

prior to surgery due to various constraints, including 

patient or surgeon preference and limited 

chemotherapy coverage under government healthcare 

programs. However, all patients ultimately received a 

total of 8 chemotherapy courses through a 

combination of neoadjuvant and adjuvant treatment. 

Following surgery, patients completed their therapy 

with either 6, 4, or 2 additional adjuvant 

chemotherapy courses as needed to maintain the 

standardized total treatment duration (Figure 1). 
 

 

 
Figure 1. Blockchain Schema of Treatment Patients in Different Groups 

 

In the present study, all patients received a 

standard treatment, which allowed us to analyze the 

effectiveness of 2,4,6, and 8 preoperative courses. 

This study was designed to evaluate tumor response 

dynamics throughout the complete NCT course. By 

performing serial tumor biopsies at regular intervals 

(after every 2 chemotherapy cycles during the 8-

course regimen), we hypothesized that we could: (1) 

characterize the temporal patterns of pathological and 

molecular changes during treatment, and (2) identify 

critical transition points where early treatment 

modification might be warranted based on individual 

tumor response characteristics. This retrospective 

cohort study analyzed data from patients with breast 

cancer treated at the Kyiv City Clinical Oncology 

Center between January 2019 and December 2024. 

Using simple random sampling, we selected patients 

who initiated NCT in 2019 and evaluated their 5-year 

cancer-specific survival outcomes in 2024. The study 

protocol was approved by the institutional review 

board, and all data were anonymized prior to analysis.  

The study included adult female patients aged 18 

to 75 years with pathologically confirmed stage II or 

III breast cancer, an Eastern Cooperative Oncology 

Group (ECOG) performance status of ≤1, and ER-

positive tumors. Eligible participants had received 2, 

4, or 6 (but no more than 8) courses of preoperative 

chemotherapy, and their clinical data were accessible 

through the hospital information system. 

Patients were excluded if they presented with: (1) 

secondary malignancies (except basal cell 

carcinoma); (2) inoperable breast cancer following 

4 courses of NCT + surgery + 4ACT + radiation + endocrine therapy

2 courses of NCT + surgery + 6ACT + radiation + endocrine therapy

8 courses of NCT + surgery + radiation + endocrine therapy

6 courses NCT + surgery + 2ACT + radiation + endocrine therapy
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NCT; (3) inflammatory breast carcinoma; (4) active 

HIV infection (confirmed by positive testing), 

chronic hepatitis B or C (without requiring 

screening); (5) triple-negative or HER2-positive 

tumor status; (6) evidence of distant metastases; or (7) 

significant comorbidities affecting cardiac, 

pulmonary, or hepatic function that would 

contraindicate treatment. 

NCT consisted of anthracycline-taxane regimens: 

doxorubicin 60 mg/m2 plus cyclophosphamide 600 

mg/m2 every 21 days × 4 cycles and docetaxel at 100 

mg/m2 every 21 days × 4 cycles. In Group 2, there 

were only 2 cycles of doxorubicin with 

cyclophosphamide, but in Group 4, there were 4 

cycles of doxorubicin with cyclophosphamide. In 

Goup 6, chemotherapy consisted of 4 cycles of 

doxorubicin with cyclophosphamide, followed by 2 

more cycles of docetaxel. In Group 8, chemotherapy 

consisted of 4 cycles of doxorubicin with 

cyclophosphamide, followed by 4 cycles of 

docetaxel. Informed consent was obtained from all 

patients. We conducted this study on the effectiveness 

of 2 courses (26 patients), 4 (31 patients), 6 (32 

patients), and 8 (32 patients) courses of NCT in 121 

patients. 

Tumor diameter, side, lymph node involvement, 

and distant metastasis status were obtained by the use 

of mammography, ultrasound, and computed 

tomography (CT). Tumor diameter was assessed 

according to the Response Evaluation Criteria in 

Solid Tumors (RECIST) version 1.1 during  NCT.12 

A core biopsy was performed prior to neoadjuvant 

therapy in order to determine the histopathological 

diagnosis, molecular subtype, receptor status, and Ki-

67 proliferation index. Biopsy of axillary lymphatic 

nodes was not conducted. The determination of ER 

and progesterone receptor (PR) status was conducted 

in accordance with standard immunohistochemical 

methods. The evaluation of ER expression was 

conducted in accordance with the updated guidelines 

set forth by the American Society of Clinical 

Oncology (ASCO)/College of American Pathologists 

(CAP).13 We used the 2019 European Society of 

Medical Oncology guideline for Ki-67 determination 

as a reference point, with values exceeding 30% 

classified as elevated.14 

 

Statistical analysis  

Statistical analyses were performed using 

MedCalc Statistical Software version 23.0.9 

(MedCalc Software Ltd, Ostend, Belgium; 2024). For 

quantitative variables, normality of distribution was 

assessed using the Shapiro-Wilk test. Normally 

distributed variables are presented as mean ± standard 

deviation (SD), while non-normally distributed 

variables are expressed as median (interquartile range 

[IQR], Q1–Q3). Categorical variables are reported as 

frequencies (percentages). Five-year cancer-specific 

survival rates are presented as percentages ± standard 

error (SE). 

 When comparing quantitative variables in more 

than two groups, the Kruskal-Wallis test was used. 

Posterior comparisons were performed using Dunn's 

test. The chi-square test was used to compare 

qualitative variables. Patient survival was analyzed 

using Kaplan-Meier survival curves, and the logrank 

test was used for comparison purposes. The level of 

significance was set at 0.05. 

 

RESULTS 

The median age across treatment groups was as 

follows: Group 2 (2 courses), 56 years; Group 4 (4 

courses), 56 years; Group 6 (6 courses), 58.5 years; 

and Group 8 (8 courses), 55.5 years (Table 1). Stage 

distribution was comparable among groups receiving 

4, 6, or 8 courses of preoperative chemotherapy 

(P>0.05). However, Group 2 showed a significant 

imbalance in stage distribution, with proportionally 

more stage II (P=0.020) and fewer stage III patients 

compared to other groups, which maintained 

approximately equal proportions of stage II and III 

cases. This difference was not observed in the higher-

course-number groups, where stage distribution 

remained statistically similar.  

The tumor characteristics across the groups were 

as follows: in Group 2 (2 courses): 7.7% (2/26) 

invasive lobular and 92.3% (24/26) ductal 

carcinomas, with 7.7% (2/26) G3 and 92.3% (24/26) 

G2 tumors, including 73% (19/26) ER+PR+HER2− 

and 27% (7/26) ER+PR+HER2low cases; Group 4 (4 

courses): 3.2% (1/31) lobular and 96.8% (30/31) 

ductal carcinomas, 3.2% (1/31) G3 and 96.8% 

(30/31) G2 tumors, comprising 58% (18/31) 

ER+PR+HER2−, 35.5% (11/31) ER+PR−HER2−, and 

6.5% (2/31) ER+PR+HER2low cases; Group 6 (6 

courses): 3.1% (1/32) lobular and 96.9% (31/32) 

ductal carcinomas, 3.1% (1/32) G3 and 96.9% 

(31/32) G2 tumors, with 65.6% (21/32) 

ER+PR+HER2−, 18.8% (6/32) ER+PR−HER2−, and 

15.6% (5/32) ER+PR+HER2-low cases; and Group 8 

(8 courses): 12.5% (4/32) lobular and 87.5% (28/32) 

ductal carcinomas, 9.4% (3/32) G3 and 90.6% 

(29/32) G2 tumors, including 71.9% (23/32) 

ER+PR+HER2−, 25% (8/32) ER+PR−HER2−, and 

3.1% (1/32) ER+PR+HER2low cases, with no 

statistically significant differences between groups 

(P=0.37).  

Tumors were stratified by Ki-67 proliferation 

index into 2 groups: Low Level (≤30%) and Elevated 

Level (>30%), as detailed in Table 1. A statistically 

significant difference in tumor Ki-67 proliferation 

index was observed between patients receiving 2 
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courses (median, X%; IQR, X–X) and 8 courses 

(median, X%; IQR, X–X) of NCT (P=0.XX). In 

Group 2, there were 7 patients (26.9%) with a Ki-67 

value of up to 30% and 19 patients (73.1%) with a Ki-

67 value higher than 30%. In Group 4, there were 12 

patients (38.7%) with a Ki-67 value up to 30% and 19 

patients (61.3%) with a Ki-67 value more than 30%. 

In Group 6, there were 10 patients (31.25%) with a 

Ki-67 value up to 30% and 22 patients (68.75%) with 

a Ki-67 value higher than 30%, and in Group 8, there 

were 15 patients (46.9%) with a Ki-67 value up to 

30% and 17 patients (53.1%) with a Ki-67 value more 

than 30% (Table 1).

 

Table 1. Distribution and Characteristics of Patients 

Indicator 

 

Group T2 

(n=26) 

Group 4 

(n=31) 

Group 6 

(n=32) 

Group 8 

(n=32) P value 

Age 56 (46–64.5) 56 (46–62) 58.5 (39.5–66.5) 55.5 (46–63.5) 0.981 

T 

1 3 (11.5) 2 (6.5) 1 (3.1) 6 (18.8) 

0.020 
2 21 (80.8) 22 (71) 18 (56.3) 17 (53.1) 

3 2 (7.7) 2 (6.5) 3 (9.4) 6 (18.8) 

4 0 (0) 5 (16.1) 10 (31.3) 3 (9.4) 

N 

0 8 (30.8) 3 (9.7) 6 (18.8) 4 (12.5) 

0.060 
1 12 (46.2) 17 (54.8) 11 (34.4) 18 (56.3) 

2 2 (7.7) 10 (32.3) 9 (28.1) 9 (28.1) 

3 4 (15.4) 1 (3.2) 6 (18.8) 1 (3.1) 

Morphological 

structure 

1 22 (84.6) 29 (93.5) 30 (93.8) 25 (78.1) 

0.370 2 1 (3.8) 1 (3.2) 1 (3.1) 4 (12.5) 

3 3 (11.5) 1 (3.2) 1 (3.1) 3 (9.4) 

Ki-67 before 

NCT 

1 7 (26.9) 12 (38.7) 10 (31.3) 15 (46.9) 
0.400 

2 19 (73.1) 19 (61.3) 22 (68.8) 17 (53.1) 

For quantitative variables, the table presents the median and the interquartile range. Comparisons were made using the Kruskal-Wallis test. 

For qualitative variables, the comparison was carried out using the 2-test. Morphological structure: 1, invasive ductal carcinoma; 2, invasive 

lobular carcinoma; 3, G3 histological grade. NCT, neoadjuvant chemotherapy. 
 

In Group 2, after the second course of NCT, the 

tumor was evaluated according to RECIST 1.1. In 1 

case (4%), there was no effect of treatment (tumor and 

Ki-67 value growth), in 6 (23%) cases, there was a 

partial response of the tumor, and in 19 (73%) cases, 

there was stabilization (Figure 2). The mean diameter 

of the tumor in the breast decreased from 31 mm to 

25.8 mm (by 17%). Breast-conserving surgery 

(BCS) was performed in 9 (34.6%), subcutaneous 

mastectomy with implant reconstruction in 2 (7.7%), 

and mastectomy in 15 (57.7%) cases. Post-NCT Kі-

67 value in 18 (69.2%) cases decreased, in 5 (19.2%) 

patients it was not changed, and in 3 (11.5%) cases it 

increased. An increase in Ki-67 value in 3 cases may 

indicate ineffectiveness, and possibly primary 

resistance to NCT, and in such cases, there may be a 

better effect from endocrine therapy [9]. Grade 1 

pathological tumor response was in 18 (69.2%) cases, 

grade 2 in 3 (11.5%), and grade 3 was in 5 (19.2%) 

samples. There were no samples with grade 4 

pathological tumor response in Group 2. In 2 (7.7%) 

cases, the effect of chemotherapy was not visible at 

all; there was no pathological tumor response. 5-year 

cancer-specific survival in group 2 was 88.1 ± 6.4%.  

In Group 4, after the second and fourth courses of 

NCT, the tumor was evaluated. In 2 cases (6.5%), 

there was no effect of treatment (tumor diameter 

growth), in 15 (48.4%) cases, there was a partial 

response of the tumor, and in 13 (41.9%) cases, there 

was no change (Figure 2). One case (3.1%) 

demonstrated pCR despite imaging findings 

suggestive of partial response, with persistent tumor 

shadow on mammography and ultrasound. The mean 

tumor diameter decreased by 31.2% (from 33 mm to 

22.8 mm). 

Surgical interventions included BCS in 38.7% 

(12/31) and mastectomy in 61.3% (19/31) of patients. 

Postoperative analysis revealed Ki-67 reduction in 

61.3% (19/31) of cases, no change in 16.1% (5/31), 

and an increase in 22.6% (7/31). Pathological 

responses were graded as: grade 1 (29%, 9/31), grade 

2 (64.5%, 20/31), grade 3 (3.1%, 1/31), and grade 4 

(3.1%, 1/31). 

The group demonstrated excellent 5-year cancer-

specific survival of 96.8% ± 3.2%. In Group 6, after 

the second, fourth, and sixth courses of NCT, the 

tumor was evaluated. In 1 case (3.1%), there was no 

effect of treatment (tumor diameter growth), in 18 

(56.3%) cases, there was a partial response, and in 8 

(25%) cases, no change was observed (Figure 2). 

Five cases (15.6%) achieved pCR despite 

demonstrating imaging characteristics consistent with 

partial response, with residual tumor shadows 

persisting on mammography and ultrasound. 
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Figure 2. Dynamics of Tumor Response After Neoadjuvant Chemotherapy 

 

The mean diameter of the tumor in the breast 

decreased from 38.4 mm to 25.8 mm (by 32.2%). 

BCS was performed in 9 (28.1%) patients, 

mastectomy in 20 (62.5%) patients, and 

subcutaneous mastectomy with autologous flaps 

reconstruction in 3 (9.3%) patients. Following NCT, 

Ki-67 proliferation index decreased in 84.4% of cases 

(27/32), remained stable in 3.1% (1/32), and 

increased in 12.5% (4/32). Grade 1 pathological 

tumor response was observed in 6 (18.8%) cases, 

Grade 2 in 13 (40.6%), Grade 3 in 7 (21.9%) cases, 

and Grade 4 in 5 cases (15.6%). The 5-year cancer-

specific survival rate was 90.6 ± 5.2%. 

In the final treatment group, tumor response was 

assessed following each 2-course interval of NCT. 

Treatment outcomes included: no response in 3.1% of 

cases (1/32), partial response in 56.3% (18/32), 

disease stabilization in 12.5% (4/32), and pCR in 

28.1% (9/32) (Figure 2). The mean tumor diameter 

demonstrated significant reduction from 36.3 ± 17.4 

mm to 14.6 ± 12.9 mm (60% decrease), with maximal 

tumor regression observed after completion of all 8 

NCT courses (Figure 3). 

 BCS was performed in 15 (46.9%), mastectomy 

in 11 (34.4%) patients, and subcutaneous 

mastectomy with implant or autologous flaps 

reconstruction in 6 (18.7%) cases. Kі-67 value 

decreased in 27 (84.4%) cases, did not change in 2 

(6.2%) patients, and increased in 3 (9.4%) cases. 

Grade 1 pathological tumor response was observed in 

5 (15.6%) cases, Grade 2 in 12 (37.5%), Grade 3 in 9 

(28.2%) cases, and Grade 4 in 6 cases (18.7%). The 

5-year cancer-specific survival in group 8 was 

96.4 ± 3.5%. The results of the above statistical 

analyses are shown in Table 2. 

For qualitative variables, we performed 

comparisons using the chi-square test followed by 

post hoc multiple comparisons, which revealed 

statistically significant differences (P<0.05) between: 

(1) Group 2 versus other groups, (2) Group 4 versus 

other groups, (3) Group 6 versus other groups, and (4) 

Group 8 versus other groups. The 5-year cancer-

specific survival results showed that the survival rates 

in the groups did not differ statistically, and ranged 

from 88.1±6.4% to 96.8±3.2%, P=0.525 (Figure 4). 

 

DISCUSSION 

Our findings demonstrate that the proportion of 

chemotherapy-resistant tumors remains relatively 

stable (10–20%) regardless of the number of NCT 

courses administered, consistent with reports in the 

literature. Notably, these treatment-resistant cases 

were characterized by (1) elevated post-NCT Ki-67 

levels, (2) absence of pathological response (grade 0), 

and (3) radiological evidence of disease stabilization 

(by mammography/ultrasound). 
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Figure 3. Dynamics of Tumor Diameter Reduction Before Treatment (d 0) and After NCT (d 2). 

 
Table 2. Response to Treatment, Pathological Tumor Response, Ki-67 Changes, and Type of Surgery 

Indicator  

 

Group 2 

(n=26) 

Group 4 

(n=31) 

Group 6 

(n=32) 

Group 8 

(n=32) 
P value  

Response to 

treatment 

0 1 (3.8)3,4 2 (6.5)4 1 (3.1)1 1 (3.1)1,2 

<0.001 

1 19 (73.1) 13 (41.9) 8 (25) 4 (12.5) 

2 6 (23.1) 15 (48.4) 18 (56.3) 18 (56.3) 

3 0 (0) 1 (3.2) 5 (15.6) 9 (28.1) 

Pathological 

tumor response 

0 2 (7.7)3,4 0 (0)4 1 (3.1)1 0 (0)1,2 

1 13 (50) 9 (29) 6 (18.8) 5 (15.6) 

0.002 
2 9 (34.6) 20 (64.5) 13 (40.6) 12 (37.5) 

3 2 (7.7) 1 (3.2) 7 (21.9) 9 (28.1) 

4 0 (0) 1 (3.2) 5 (15.6) 6 (18.8) 

Ki-67 post-NCT 

1 18 (69.2) 19 (61.3) 27 (84.4) 27 (84.4) 

0.184 2 3 (11.5) 7 (22.6) 4 (12.5) 3 (9.4) 

3 5 (19.2) 5 (16.1) 1 (3.1) 2 (6.3) 

Type of surgery 

1 15 (57.7) 19 (61.3) 20 (62.5) 11 (34.4) 

0.094 2 2 (7.7) 0 (0) 3 (9.4) 6 (18.8) 

3 9 (34.6) 12 (38.7) 9 (28.1) 15 (46.9) 
Treatment response was categorized as: 0 (no response/progression), 1 (stabilization/<30% reduction), 2 (partial response/≥30% reduction), 

or 3 (complete pathological response [pCR]); pathological tumor regression was graded 0 (no response) through 4 (complete response); 

post-NCT Ki-67 changes were classified as 1 (decreased/≥10% reduction), 2 (increased/≥10% elevation), or 3 (stable/<10% change); 

surgical approaches included 1 (total mastectomy), 2 (subcutaneous mastectomy with reconstruction), or 3 (breast-conserving surgery 

[BCS]). 
 

Importantly, a subset of patients experienced 

significant pathological responses (grade 3-4) despite 

showing only minimal clinical or radiological 

regression. These resistant cases are of particular 

concern as patients derive no therapeutic benefit 

while being exposed to cumulative treatment-related 

toxicities. It is clear that the tumor on X-ray images 

or ultrasound images may persist for some time, even 

though it is decreasing, and morphologically, there 

may be complete morphological regression. In such 

cases, the only reliable analysis of the response of the 

tumor to chemotherapy is the morphological changes. 

For this purpose, the so-called repeated biopsy during 

treatment between 4 and 6 courses can be useful. 

Tumor biopsy itself is a safe procedure and will not 

stimulate the progression of the disease, as evidenced 

by the literature. In addition, this method is 

implemented to determine the sensitivity and 

resistance of the tumor during neoadjuvant endocrine 

therapy (ET).15-17 Multiple clinical trials have 
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demonstrated the prognostic value of monitoring Ki-

67 index, tumor-infiltrating lymphocytes (TILs), and 

tumor differentiation grade through serial biopsies 

during NCT.18-20 These biomarkers effectively 

identify patient subgroups with intrinsic resistance to 

preoperative chemotherapy (CHT) and endocrine 

therapy (ET).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Five-Year Cancer-Specific Survival Results in 

All Groups  

 

The predictive utility of Ki-67 is particularly 

well-established, with higher baseline levels (>25% 

cutoff) consistently associated with reduced 

likelihood of pCR, especially in ER-negative and 

HER2-positive subtypes.21 However, approximately 

10-15% of tumors demonstrate paradoxical Ki-67 

elevation during treatment, highlighting the complex 

and heterogeneous nature of tumor biology that may 

underlie treatment resistance.22 These findings 

highlight the importance of reassessing Ki-67 

thresholds in luminal B breast cancer and refining 

predictive models to tailor chemotherapy strategies 

more effectively.23,24  This highlights the need for 

more precise predictive models, integrating 

additional biomarkers and genomic profiling to 

improve treatment personalization. Morphological 

type (ductal or lobular infiltrative carcinoma) may be 

different in prognosis and response to therapy, and in 

the case of lobular carcinoma, the prognosis is worse 

in the case of metastases in the lymph nodes.25 Given 

the small content of lobular carcinomas in the groups, 

we did not note the effect of the histological type on 

the prognosis and response to NCT in our trial. In 

contrast to the study in 26, which reviewed the results 

of research on the value of Her-2/neu low status in the 

tumor, we did not note its prognostic value, since 

there were not many such tumors before treatment. 

We have found a larger number of tumors with Her-

2/neu low type after treatment, as a result of the 

transformation of the receptor status of the tumor in 

response to NCT. Axillary lymph nodes I-II levels 

were removed upon surgery, since most cases showed 

metastasis in the lymph nodes.  

Our treatment approach maintained therapeutic 

adequacy by adhering to current evidence-based 

standards. The omission of lymphadenectomy in 

patients with clinically and sonographically negative 

lymph nodes, as validated by the INSEMA (1) and 

SOUND (2) trials, does not constitute 

undertreatment, but rather reflects contemporary 

practice paradigms for axillary management.27-29 This 

approach aligns with modern de-escalation strategies 

while maintaining oncological safety. 

 

CONCLUSION 

Results showed that conducting 2 courses of NCT 

does not have the required result, and that the 

effectiveness of such treatment is low. In all groups, 

tumor progression during chemotherapy was noted in 

3% to 6% of the patients. The growth of the Ki-67 

value was in the range of 9.4% to 22.6% of cases, and 

complete morphological regression was maximally 

observed after 8 courses, but appeared in 3.2% to 

15.6% of cases after 4 to 6 courses of NCT. Serial 

tumor biopsies during neoadjuvant therapy enable 

early identification of (1) primary resistant tumors 

and (2) highly chemosensitive tumors. This approach 

facilitates timely treatment modification–either 

intensification for resistant cases or early 

discontinuation (after 2 courses) for exceptional 

responders–while maintaining oncological efficacy. 

These findings highlight the importance of balancing 

chemotherapy intensity with individual patient 

characteristics to maximize treatment efficacy while 

minimizing unnecessary exposure to additional 

cycles. 

 

ETHICAL CONSIDERATIONS  

This study was conducted in full compliance with 

international ethical guidelines, including the 

principles of the 1964 Helsinki Declaration and its 

subsequent revisions. The protocol received approval 

from the appropriate institutional and national 

research ethics committees, the Ethical Commission 

of the Bogomolets National Medical University 

(reference number 183, April 25, 2024). Prior to 

participation, all subjects provided written informed 

consent following detailed explanations of the study 

procedures. 

 

DATA AVAILABILITY 

All experimental data included in this study can be 

obtained by contacting the first author if needed. 
 

CONFLICT OF INTERESTS  

The authors confirm they have no competing 

interests to disclose. 



NAC in ER+ HER/Neu- BC 

 
Cheshuk et al. Arch Breast Cancer 2025; Vol. 12, No. 3: 294-302  301 

FUNDING  

This research was conducted as part of the 

standard academic activities at the Department of 

Oncology, Bogomolets National Medical University. 

No external funding was received for this work. 

ACKNOWLEDGMENTS  

No acknowledgments are included for this study. 

 

 

 

 

REFERENCES 
1.  Burstein HJ, Curigliano G, Thürlimann B, Weber WP, 

Poortmans P, Regan MM, et al. Customizing local and 

systemic therapies for women with early breast cancer: 

the St. Gallen International Consensus Guidelines for 

treatment of early breast cancer 2021. Ann Oncol. 

2021 Oct;32(10):1216-1235. 

doi:10.1016/j.annonc.2021.06.023. 

2. Breast cancer. NCCN Guidelines, Version 3.2025. 

Available 

from: https://www.nccn.org/professionals/physician_

gls/pdf/breast.pdf 

3. Wang H, Mao X. Evaluation of the Efficacy of 

Neoadjuvant Chemotherapy for Breast Cancer. Drug 

Des Devel Ther. 2020;14:2423-2433. 

doi:10.2147/DDDT.S253961. 

4. Spring LM, Gupta A, Reynolds KL, Gadd MA, Ellisen 

LW, Isakoff SJ, et al. Neoadjuvant endocrine therapy 

for estrogen receptor-positive breast cancer: A 

systematic review and meta-analysis. JAMA Oncol. 

2016;2(11):1477–1486. 

doi:10.1001/jamaoncol.2016.1897. 

5. Sella T, Weiss A, Mittendorf EA, King TA, Pilewskie 

M, Giuliano AE, et al. Neoadjuvant endocrine therapy 

in clinical practice: A review. JAMA Oncol. 

2021;7(11):1700–1708. 

doi:10.1001/jamaoncol.2021.2132. 

6. Lerebours F, Pulido M, Fourme E, Debled M, Becette 

V, Bonnefoi H, et al. Predictive factors of 5-year 

relapse-free survival in HR+/HER2− breast cancer 

patients treated with neoadjuvant endocrine therapy: 

Pooled analysis of two phase 2 trials. Br J Cancer. 

2020;122(6):759–765. doi:10.1038/s41416-020-0733-

x. 

7. López-Velazco JI, Manzano S, Otaño M, et al. A 

prospective study on tumour response assessment 

methods after neoadjuvant endocrine therapy in early 

oestrogen receptor-positive breast cancer. Breast 

Cancer Res. 2024;26(1):3. doi:10.1186/s13058-023-

01756-8. 

8. Karahan F, Yılmaz Bozok Y, Gökova M, Gürsoy 

Bulut M, Bolat Küçükzeybek B, Atahan MK. 

Clinicopathologic characteristics of breast cancer 

patients who had a pathologic complete response after 

neoadjuvant treatment. Ann Ital Chir. 

2024;95(6):1240-1248. doi:10.62713/aic.3403. 

9. Guarneri V, Dieci MV, Bisagni G, Frassoldati A, 

Bianchi GV, De Salvo GL, et al. De-escalated therapy 

for HR+/HER2+ breast cancer patients with Ki67 

response after 2-week letrozole: Results of the 

PerELISA neoadjuvant study. Ann Oncol. 

2019;30(6):921–926. doi:10.1093/annonc/mdz055. 

10. Symmans WF, Wei C, Gould R, Yu X, Zhang Y, Liu 

M, et al. Long-term prognostic risk after neoadjuvant 

chemotherapy associated with residual cancer burden 

and breast cancer subtype. J Clin Oncol. 

2017;35(10):1049–1060. 

doi:10.1200/JCO.2015.63.1010. 

11. Gentile D, Sagona A, De Carlo C, Fernandes B, 

Barbieri E, Di Maria Grimaldi S, et al. Pathologic 

response and residual tumor cellularity after neo-

adjuvant chemotherapy predict prognosis in breast 

cancer patients. Breast. 2023 Jun;69:323-329. 

doi:10.1016/j.breast.2023.03.016. 

12. Schwartz LH, Litière S, de Vries E, Ford R, Gwyther 

S, Mandrekar S, et al. RECIST 1.1—Update and 

clarification: From the RECIST committee. Eur J 

Cancer. 2016 Jul;62:132-137. 

doi:10.1016/j.ejca.2016.03.081. 

13. Allison KH, Hammond MEH, Dowsett M, McKernin 

SE, Carey LA, Fitzgibbons PL, et al. Estrogen and 

progesterone receptor testing in breast cancer: 

ASCO/CAP guideline update. J Clin Oncol. 

2020;38(12):1346–1366. doi:10.1200/JCO.19.02309. 

14. Cardoso F, Kyriakides S, Ohno S, Penault-Llorca F, 

Poortmans P, Rubio IT, et al. Early breast cancer: 

ESMO clinical practice guidelines for diagnosis, 

treatment and follow-up. Ann Oncol. 

2019;30(8):1194–1220. doi:10.1093/annonc/mdz173. 

15. Martí C, Sánchez-Méndez JI. The present and future 

of neoadjuvant endocrine therapy for breast cancer 

treatment. Cancers. 2021;13(11):2538. 

doi:10.3390/cancers13112538. 

16. Kurozumi S, Matsumoto H, Inoue K, Tozuka K, 

Hayashi Y, Kurosumi M, et al. Impact of combining 

the progesterone receptor and preoperative endocrine 

prognostic index (PEPI) as a prognostic factor after 

neoadjuvant endocrine therapy using aromatase 

inhibitors in postmenopausal ER-positive and HER2-

negative breast cancer. PLoS ONE. 

2018;13(8):e0201846. 

doi:10.1371/journal.pone.0201846. 

17. Ellis MJ, Tao Y, Luo J, A’Hern R, Evans DB, 

Bhatnagar AS, et al. Outcome prediction for estrogen 

receptor-positive breast cancer based on 

postneoadjuvant endocrine therapy tumor 

characteristics. J Natl Cancer Inst. 

2008;100(19):1380–1388. doi:10.1093/jnci/djn309. 

18. Sinn BV, Sychra K, Untch M, Karn T, van 

Mackelenbergh M, Huober J, et al. On-treatment 

biopsies to predict response to neoadjuvant 

chemotherapy for breast cancer. Breast Cancer Res. 

2024;26(1):138. doi:10.1186/s13058-024-01883-w. 

19. Bliss JM, Tovey H, Evans A, Holcombe C, Horgan K, 

Mallon E, et al. Clinico-pathologic relationships with 

Ki67 and its change with short-term aromatase 

inhibitor treatment in primary ER+ breast cancer: 

https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf


    NAC in ER+ HER/Neu- BC  

 
302  Cheshuk et al. Arch Breast Cancer 2025; Vol. 12, No. 3: 294-302 

Further results from the POETIC trial 

(CRUK/07/015). Breast Cancer Res. 2023;25(1):39. 

doi:10.1186/s13058-023-01626-3. 

20. Jain P, Doval DC, Batra U, Goyal P, Bothra SJ, 

Agarwal C, et al. Ki-67 labeling index as a predictor of 

response to neoadjuvant chemotherapy in breast 

cancer. Jpn J Clin Oncol. 2019;49(4):329–338. 

doi:10.1093/jjco/hyz012. 

21. Xu W, Chen X, Deng F, Zhang J, Zhang W, Tang J. 

Predictors of neoadjuvant chemotherapy response in 

breast cancer: A review. Onco Targets Ther. 

2020;13:5887–5899. doi:10.2147/OTT.S253056. 

22. Tan S, Fu X, Xu S, Qiu P, Lv Z, Xu Y, et al. 

Quantification of Ki67 change as a valid prognostic 

indicator of luminal B type breast cancer after 

neoadjuvant therapy. Pathol Oncol Res. 

2021;27:1609972. doi:10.3389/pore.2021.1609972. 

23. Lee J, Lee YJ, Bae SJ, Baek SH, Kook Y, Cha YJ, et 

al. Ki-67, 21-gene recurrence score, endocrine 

resistance, and survival in patients with breast 

cancer. JAMA Netw Open. 2023;6(8):e2330961. 

doi:10.1001/jamanetworkopen.2023.30961. 

24. Miligy IM, Badr N, Stevens A, Spooner D, Awasthi R, 

Mir Y, et al. Pathological changes following 

neoadjuvant endocrine therapy (NAET): A multicentre 

study of 391 breast cancers. Int J Mol Sci. 

2024;25(13):7381. doi:10.3390/ijms25137381. 

25. Göker M, Denys H, Hendrix A, De Wever O, Van de 

Vijver K, Braems G. Histologic tumor type as a 

determinant of survival in hormone receptor-positive, 

HER2-negative, pT1-3 invasive ductal and lobular 

breast cancer. Breast Cancer Res. 2023;25(1):146. 

doi:10.1186/s13058-023-01745-x. 

26. Petrelli F, Rea C, Parati MC, Borgonovo K, Ghilardi 

M, Dottorini L, et al. Prognostic value of HER2-low 

status in ER+ early breast cancer: A systematic review 

and meta-analysis. Anticancer Res. 2023;43(10):4303-

4313. doi:10.21873/anticanres.16625. 

27. Morrow M. Sentinel-lymph-node biopsy in early-stage 

breast cancer—Is it obsolete? N Engl J Med. 2024. 

doi:10.1056/NEJMe2414899. 

28. Reimer T, Stachs A, Veselinovic K, Kühn T, Heil J, 

Polata S, et al. Axillary surgery in breast cancer—

Primary results of the INSEMA trial. N Engl J Med. 

2024. doi:10.1056/NEJMoa2412063. 

29. Gentilini OD, Botteri E, Sangalli C, Galimberti V, 

Porpiglia M, Agresti R, et al. Sentinel lymph node 

biopsy vs no axillary surgery in patients with small 

breast cancer and negative results on ultrasonography 

of axillary lymph nodes: The SOUND randomized 

clinical trial. JAMA Oncol. 2023;9(11):1557-1564. 

doi:10.1001/jamaoncol.2023.3759. 

 

 

Cheshuk V, Malets M, Gurianov V, Novokhatska L. Results of Neoadjuvant Chemotherapy in ER-Positive 
HER-2/NEU Negative Breast Cancer After 2-8 Courses. Arch Breast Cancer. 2025; 12(3):294-302. 
Available from: https://www.archbreastcancer.com/index.php/abc/article/view/1089 

How to Cite This Article 


