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Abstract

Introduction. Neoadjuvant chemotherapy (NC) is employed as an important step in the treatment of 
patients with breast cancer (BC). We do not have much information about the conversion of estrogen 
receptor (ER) and/or progesterone receptor (PR) status in breast cancer (BC) patients after NC, or about 
its correlation with chemoresistance and prognosis. Not all clinics consistently determine receptor status 
after neoadjuvant chemotherapy (NC) and surgical intervention in breast cancer (BC) patients. However, 
this status may vary, making it critical to adjust the adjuvant treatment plan accordingly. Failure to do so 
may result in inadequate therapy and the development of chemoresistance.
Aim. To determine the effect of changes in receptor status at different stages of breast cancer treatment on 
the development of chemoresistance.
Materials and methods. Sixty patients with advanced breast cancer after neoadjuvant chemotherapy 
(NAC) were enrolled in the study and divided into two groups: the receptor-stable group (30 patients, 
with no conversion in ER and PR receptor status before and after NAC) and the receptor-conversion group 
(30 patients, with conversion in either ER or PR status). Univariate analysis was used to compare 5‑year 
disease-free survival (DFS) between the groups.
Results. The estimated 5‑year DFS rate for patients in the receptor-stable group was significantly higher 
(22 patients, 73.7%) compared to the receptor-conversion group (16 patients, 55.2%, P = 0.015). In 
contrast, the estimated 5‑year overall survival (OS) rates for patients with or without receptor conversion 
were not statistically different (80.0% vs. 72.4%, log-rank test, P = 0.587). In the univariate Cox 
proportional hazards analysis, patients with receptor conversion had worse DFS (hazard ratio, 1.995; 95% 
confidence interval, 1.130‑3.521, P = 0.031).
Conclusions. We strongly recommend testing patients’ biomarkers at different stages of treatment 
and paying closer attention to those with receptor conversion. These patients require an individualised 
approach to therapy as part of comprehensive treatment. It is essential to determine hormonal status after 
neoadjuvant therapy, using postoperative tissue samples, as hormonal status may change and, accordingly, 
treatment strategies may need to be adjusted. This approach can help prevent the development of 
chemoresistance.
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INTRODUCTION

The characteristics of breast cancer  – including 
hormone receptor status and HER2/NEU status  – can 
change over time. These alterations may occur as a result of 
cancer cells altering themselves or due to treatment-induced 
changes in the cells. A  cancer’s characteristics determine 
which treatments will offer the greatest benefit [1].

The hormone receptor status and HER2 status of 
breast carcinoma can change after it is diagnosed [2]. These 

changes were observed after the disease recurred, either 
as locally advanced carcinoma. Changes in a  cancer’s 
hormone receptor status and HER2 status have also been 
seen in some advanced-stage cancers as they grow [3].

Doctors typically do not perform a new core biopsy 
when previously treated breast cancer recurs as advanced-
stage disease or when advanced-stage carcinoma progresses 
over time. Treatment decisions are usually still based on 
the hormone receptor and HER2 status from the initial 
carcinoma biopsy. The researchers examined biopsy 
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results from over a  thousand women who were diagnosed 
with breast carcinoma and received treatment. All of these 
women then had one or more additional biopsies when 
the cancer recurred or grew [4]. The researchers compared 
the biopsy results from the initial breast cancer to the later 
biopsy results: about 33% of the later biopsies showed that 
the hormone receptor status had changed, and about 15% of 
the later biopsies showed that HER2 status had changed [5].

Neoadjuvant chemotherapy (NC) is an important 
step in the treatment of breast cancer (BC) patients. 
There is limited information regarding the conversion 
of estrogen receptor (ER) and/or progesterone receptor 
(PR) status in BC patients after NC and their correlation 
with chemoresistance and relapse prognosis. Not all 
clinics routinely determine receptor status after NC and 
surgical intervention in BC patients, and despite this, the 
status may vary, making it critical to adjust the adjuvant 
treatment regimen. Inadequate therapy can lead to relapse 
[6]. The surrogate endpoint, response to chemotherapy, 
is a  strong predictive factor for the risk of recurrence, 
especially in triple-negative breast cancer (TNBC) and 
HER2‑positive breast cancers. These benefits have led 
to the widespread adoption of NC [7]. The results of NC 
summarize the clinical features and molecular profiles of 
breast cancer, helping to guide the successful selection of 
NC, even in the case of changing hormonal status [8].

Guarneri et al. [9] reported that 5‑year disease-free 
survival rates were 87.1% vs. 61.1% for patients with and 
without partial clinical response (pCR), respectively.

Testing tumor core biopsy samples for estrogen 
receptor (ER), progesterone receptor (PR), human 
epidermal growth factor receptor 2 (HER2), and Ki67 
is essential for selecting patients for the neoadjuvant 
treatment route and deciding on drug combinations. 
Previous studies have reported changes in the expression 
of ER, PR, HER2, and Ki‑67 following neoadjuvant 
chemotherapy (NC), suggesting that these alterations 
may serve as potential prognostic factors. The post-
neoadjuvant treatment biomarker status has been 
integrated into a  model for outcome prediction [10]. 
However, patients with hormone receptor (HR)-
expressing tumors benefit less from chemotherapy 
compared to patients without HR expression [11]. 
Conversely, HR expression may predict a  favorable 
prognosis in breast cancer, partly due to adjuvant hormone 
therapy [12]. Immunohistochemistry (IHC) is a  standard 
method for quantifying HR expression, primarily based on 
the fraction of stained tumor cells.

Several studies have reported conversions in 
estrogen receptor (ER) and progesterone receptor (PR) 
status between core needle biopsy (CNB) and surgical 
specimens after NC [13].

Receptor conversions are prevalent in breast 
cancer (BC) patients who fail to receive NC and occur 

statistically more often than in NC patients [14]. However, 
the impact of these conversions on subsequent treatment 
and chemoresistance in breast cancer remains unclear.

The objectives of this study were to assess the 
frequency of ER and/or PR status conversion in HR-
expressing patients after NC and to determine whether 
these conversions influence chemoresistance and relapse 
prognosis.

AIM

To determine the effect of changes in receptor status 
during the treatment stages of advanced breast cancer on 
the development of chemoresistance and relapse.

MATERIALS AND METHODS

Patients and samples

This study was approved by the institutional Ethics 
Committee of the SNE «National Cancer Institute» of 
Ukraine (Minutes No. 163, June 23, 2020).

Retrospective data were collected from 60 advanced 
breast cancer patients with hormone receptor (HR) 
expression (ER and/or PR positive «+») in both pre- and 
post-neoadjuvant chemotherapy (NC) specimens between 
March 2018 and March 2023. All patients were in clinical 
tumor stage IIA to IIIB, with a follow-up time exceeding 
60 months. The NC regimen included anthracycline 
and/or taxane. Before and after NC, patients underwent 
biopsy for histological examination. Pathologists at the 
SNE «National Cancer Institute» of Ukraine reconfirmed 
hematoxylin and eosin (H&E) slides of specimens and 
evaluated residual tumor cells at the primary tumor site 
(breast) of surgical specimens. The histological type was 
also recorded for analysis. All patients with histologically 
confirmed breast cancers that were resistant and recurred 
after initial treatment were reviewed. Data from all 
patients with chemoresistance and relapse were recorded, 
including the initial stage and tumor indicators, changes in 
hormone status, and time to first relapse.

Immunohistochemistry

Biomarker status was evaluated using pre‑neoadjuvant 
chemotherapy (NC) and surgical formalin-fixed, paraffin-
embedded (FFPE) tissue blocks by immunohistochemistry 
(IHC). IHC staining of tumor tissues for estrogen receptor 
(ER) (Confirm anti-ER (SP1), rabbit antibody, Ventana 
Medical Systems), progesterone receptor (PR) (Confirm anti-
PR (1E2), rabbit antibody, Ventana Medical Systems), human 
epidermal growth factor receptor 2 (HER2) (Ventana anti-
HER2 (4B5), rabbit antibody, Ventana Medical Systems), and 
Ki-67 (Confirm anti-Ki-67 (30-9), rabbit antibody, Ventana 
Medical Systems) was performed using the automated 
Benchmark XT platform (Ventana Medical Systems), in 
accordance with the manufacturer’s recommendations. 
The cutoff value for ER-negative (ER«‑») and PR‑negative 
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(PR«- ») disease was less than 1% positively stained nuclei in 
tumor tissues. HER2‑positive (HER2«+») status was defined 
as a score of 3 («+») by IHC or amplification confirmed by 
fluorescence in situ hybridization (FISH). Ki‑67 expression 
was categorized into a  high expression group (≥ 20%) and 
a low expression group (< 20%).

Statistical analysis

The first group consisted of 30 patients, the receptor 
stable group (with no conversion in both ER and PR 
status), and the second group consisted of 30 patients, 
the receptor conversion group (with conversion in either 
ER or PR status). Receptor conversion was defined as 
a  change in receptor status from «+» to «-» or from «-» 
to «+» after neoadjuvant chemotherapy (NC). Pearson’s χ² 
test was used to compare pre-NC clinical and pathological 
differences between the groups. Patient prognosis was 
evaluated using disease-free survival (DFS), defined 
as the interval from the date of surgery to the detection 
of relapse. Survival analyses were performed using the 
Kaplan-Meier method for DFS.

The survival curves were compared using the log-
rank test. Univariate Cox proportional hazards analyses 
were used to determine the association of clinical and 

pathological factors with DFS. The two-sided significance 
level was set at P < 0.05.

RESULTS
Patient indicators

For the remaining 60 patients, 40 patients (68%) were 
under 50 years old, with a mean age of 46.41 ± 8.93 years. 
Regarding tumor histological type, 53 patients (87.0%) had 
invasive ductal carcinoma, 4 patients (7.4%) had invasive 
ductal carcinoma mixed with other invasive carcinomas, 
and 3 patients (5.6%) had other invasive carcinomas, such 
as invasive lobular carcinoma. In the stable receptor group, 
7 patients (13%) had invasive ductal carcinoma, 3 patients 
(5%) had mucinous adenocarcinoma, and 1 patient (1.6%) 
had invasive cribriform carcinoma.

Before receiving NC, 51 patients (86.6%) had node 
involvement. All included tumors were hormone receptor-
positive (HR  «+») (ER  and/or PR «+»), with 50 tumors 
(83.33%) being ER «+» and 51 tumors (86.6%) being PR 
«+». All patients underwent four to eight cycles of NC 
using anthracycline-based regimens (18 patients, 30.7%) 
or anthracycline- and taxane-based regimens (42 patients, 
69.3%) (Table 1).

Table 1
Patient’s indicators according to the receptor stable and receptor conversion

Indicators All patients Receptor stable Receptor conversion PN = 60 (%) N = 30 (%) N = 30 (%)
Primary tumor stage
T2 40 (70) 20 (70) 20 (70) <0.5
T3 or T4 20 (30) 10 (30) 10 (30) <0.5
Node status
negative 9 (15) 4 (13,34) 5 (18.2) 0.287positive 51 (85) 26 (86,67) 25 (81.8)
Histology
Invasive ductal carcinoma 53 (87.0) 26 (87.5) 24 (73.4)

0.832Mixed 4 (7.4) 3 (10) 4 (13.3)
Other 3 (5.6) 1 (2.5) 2 (5)
Initial ER status
«-» 10 (16.67) 3 (10) 7 (23.3) <0.001«+» 50 (83.33) 27 (90) 23 (76.7)
Initial PR status
«-» 9 (13.4) 3 (10.2) 6 (23.3) 0.011«+» 51 (86.6) 27 (89.8) 24 (76.7)
Initial HER2 status
«-» 51 (86.6) 26 (86.2) 25 (80.0) 0.356
«+» 9 (13.4) 4 (13.8) 5 (20.0)
Initial Ki‑67 status
< 20% 13 (25.5) 7 (23.3) 6 (20.0) 0.280≥ 20% 47 (74.5) 23 (76.7) 24 (80.0)
NC schemes
Anthracycline-based 18 (30.7) 9 (30.1) 9 (30.1) 0.879Anthracycline and taxane-based 42 (69.3) 21 (69.9) 21 (69.9)

ER – estrogen receptor, PR – progesterone receptor, HER2 – human epidermal growth factor receptor 2, NC – neoadjuvant chemotherapy.

Conversion in receptor status

A total of 30 patients had ER and/or PR conversion 
after NC. ER conversion occurred in 13 patients (22.6%), 

including a conversion from «+» to «-» in 9 patients and 
from «-» to «+» in 4 patients. Meanwhile, PR conversion 
occurred in 12 patients (20%), including a conversion from 
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«+» to «-» in 7 patients and from «-» to «+» in 5 patients. 
Furthermore, 3 patients (5%) had HR-negative (ER  «-» 
and PR «-») disease after NC. Patient indicators before 
NC, according to receptor conversion, are listed in Table 1.

Follow-up and survival analysis

Adjuvant hormone therapy was administered to 28 
(93.33%) of the 30 patients in the receptor stable group and 

25 (83.3%) of the 30 patients in the receptor conversion 
group. During the follow-up period (range 7‑87 months), 
3 (5%) of the 60 patients had died, and 10 (16.67%) of 
the 60 patients had experienced disease relapse. The 
5‑year disease-free survival (DFS) estimates for patients 
in the receptor stable group (22 patients, 73.7%) were 
significantly higher than those in the receptor conversion 
group (16 patients, 55.2%; P = 0.015) (Figure 1).

Figure 1. Survival estimates according to receptor conversion status. Disease-free survival estimates (Log-rank test, P = 0.015).

The univariate Cox regression analyses of DFS based 
on pre- and post-NC indicators for the 60 patients who 
received adjuvant hormone therapy are listed in Table 2. 
Patients were divided into the receptor stable group and 
the receptor conversion group according to their pre- and 
post-NC hormone status. Specifically, 5 (17%) of the 30 
tumors had a conversion from «+» to «-», and 4 (13%) of 
the 30 tumors had a conversion from «-» to «+» in HER2/

NEU «3+» status for patients included in the survival 
analyses. Therefore, both pre- and post-NC HER2/NEU 
status were considered in the analyses. The multivariate 
Cox proportional hazards analyses only included variables 
that were statistically significant (P < 0.05) in the univariate 
analyses. Receptor conversion status was identified as 
a  major predictor of DFS (hazard ratio (HR), 1.995; 95% 
confidence interval (CI), 1.130‑3.521; P = 0.031) (Table 2).

Table 2
Univariate analysis of disease-free survival for initial HER‑2/NEU «3+» patients with adjuvant hormone therapy 

after surgery
Indicators N (%) P HR (95% CI)

Initial HER2 Status 0.618
negative 21 (72.5) 1.00
Positive «3+» 9 (30.5) 1.200 (0.586‑2.456)
NC schemes 0.058
Anthracycline-based 9 (30.5) 1.00
Anthracycline and Taxane-based 21 (72.5) 0.895 0.959 (0.512‑1.797)

DISCUSSION

Only HR «+» tumors are strongly recommended to 
receive adjuvant hormone therapy. However, there is no 
clear guidance regarding adjuvant hormone therapy for 
patients who experienced ER and/or PR conversion after 
NC [15]. Del Mastro et al. [16] used 10% as the cutoff 
value for ER and PR expression in their study. Among 214 
HR «+» diseases, 38 (17.8%) had ER conversion and 89 
(41.6%) had PR conversion after NC. The influence of HR 
status on prognosis remains controversial, as no significant 
difference in DFS was found between the  HR  «+» group 

and the HR-conversion group. Zhao W. et al. [17] adjusted 
for the influence of adjuvant hormone therapy in HR «+» 
patients and found an impact on DFS for patients who had 
HR «+» to «-» conversion after NC. Parinyanitikul N. [18], 
with a  median follow-up of 40  months, reported 5‑year 
relapse-free survival (RFS) rates of 63% and 48% for 
patients with or without receptor change (P  =  0.07 and 
P  =  0.003, respectively). Any receptor change was 
associated with better RFS (hazard ratio, 0.63; 95% 
confidence interval [CI], 0.44‑0.9), but not overall survival 
(OS) (hazard ratio, 0.79; 95% CI, 0.53‑1.18). Changes in 
receptor status between pretreatment and residual disease 
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after NC are frequent and appear to be associated with 
improved DFS, particularly due to the receptor stability in 
TNBC. Our univariate analysis also revealed that receptor 
conversion status was linked to worse DFS (HR, 1.881; 
95% CI, 1.058‑3.342; P = 0.031). For nine patients with 
receptor conversion, the 5‑year DFS rate was 55.2%, which 
was significantly lower than for patients without receptor 
conversion (73.7%). The proportion of HER2 «+» to «-» 
conversion was higher than that of «-» to «+» conversion 
(22.6% vs. 2.7%). Ahn S. et al. [19] reported a pattern of 
HER2 status irrespective of pre-NC HR status, and their 
results (17% for HER2 «+» to «-» and 13% for HER2 «-» 
to «+») were similar to those of our study. These data are 
consistent with those of Wangchinda  P. [20], who found 
that estrogen receptor «+», progesterone receptor «+», 
and HER2 «-» disease predicted chemoresistance and 
late recurrence. Most late-relapsing patients with luminal 
tumors had high estrogen receptor (ER«+») titers (≥50%) 
and HER2/NEU«-» disease.

Accurately identifying the diagnosis, defined as «the 
probability that a tumor, if unchecked, would not become 
clinically apparent or cause death» and primarily a result 
of screening, is a pertinent issue.

Patients with luminal breast cancer have various 
treatment options, including surgery, chemotherapy, 
and endocrine therapy. The study found that receptor-
conversion testing in clinical practice may provide valuable 
information for determining the treatment pathway.

The factors contributing to chemoresistance 
and recurrence in breast cancer, along with potential 
prevention strategies, are not yet fully understood. It is 
crucial to unravel the complex relationship among the 
various factors that lead to recurrence and to develop 
effective therapies with minimal toxicity.

Our study identifies chemoresistant advanced breast 
cancer (CABC) with receptor-conversion tumors as 
a unique subtype, distinct from both HR-negative and HR-
positive cancers, using standardized IHC methods. HR-
converted cancers exhibit a unique biology that influences 
treatment response and prognosis, particularly in cancers 
resistant to therapy. Our findings can help enhance the 
understanding of breast cancer subgroups and inform 
future diagnostic and therapeutic approaches.

Perspectives of further research. Future directions 
should be centered on identifying dangerous versus 

indolent Drug Target Commons, to accurately determine 
who needs such therapy, so as to avoid overtreatment. 
Importantly, all strategies  – preventing, reversing, 
prolonging, and eradicating dormancy  – would force the 
event and the use of more clinically relevant models. With 
progress in this area, we sincerely hope that new knowledge 
will help within the near future to forestall chemoresistance, 
recurrences, and deaths from breast cancer.

CONCLUSIONS

Our study showed that conversion in ER and/or PR 
status after NC should not be ignored for breast cancer 
patients. Patients with conversion in ER or PR status were 
associated with poor DFS after adjusting for adjuvant 
hormone therapy. Biomarker testing is recommended for 
patients with residual disease for receptor conversion. 
These patients need more individualized therapy 
after surgery. The definition of hormonal status must 
necessarily be carried out after neoadjuvant therapy, 
using postoperative material, since hormonal status may 
vary, and the treatment tactic has changed, influencing 
chemoresistance and relapse.
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Резюме

ОЦІНКА РОЛІ КОНВЕРСІЇ РЕЦЕПТОРІВ ПРИ ПОШИРЕНОМУ РАКУ МОЛОЧНОЇ ЗАЛОЗИ У ВИНИКНЕННІ 
ХІМІОРЕЗИСТЕНТНОСТІ
Олексій В. Мовчан, Іван І. Смоланка, Андрій О. Ляшенко, Антон Д. Лобода, Ірина В. Досенко, 
Оксана М. Іванкова

Державне некомерційне підприємство «Національний інститут раку» Міністерства охорони здоров’я України, м. Київ, Україна

Вступ. Неоад’ювантна хіміотерапія (НХТ) використовується як важливий етап у  лікуванні хворих на рак 
молочної залози (РМЗ). Ми маємо обмежену інформацію щодо конверсії статусу рецептора естрогену (ER) 
та/або рецептора прогестерону (PR) у  пацієнтів з  раком молочної залози (РМЗ) після НХТ та їх кореляцію 
з  прогнозом хіміорезистентності. Не всі клінічні установи визначають рецепторний статус після НХТ 
та оперативного втручання у  хворих на РМЗ, але статус може змінюватися. Саме тому виникає потреба 
змінювати схему ад’ювантного лікування. Адже неадекватна терапія може призвести до хіміорезистентності.
Мета. Визначити вплив змін рецепторного статусу на етапах лікування РМЗ на розвиток хіміорезистентності.
Матеріали та методи. Шістдесят пацієнтів із поширеним раком молочної залози після неоад’ювантної 
хіміотерапії (НХТ) були включені до дослідження та розподілені на дві групи: групу зі стабільним 
рецепторним статусом – 30 пацієнтів (без конверсії статусу рецепторів ER та PR до та після НХТ) та групу зі 
зміненим рецепторним статусом – 30 пацієнтів (з конверсією рецепторів ER або PR). Для порівняння 5‑річної 
безрецидивної виживаності (DFS) між групами застосовували однофакторний аналіз.
Результати. Оцінки 5‑річної DFS для пацієнтів у  групі 22 пацієнток зі стабільним рецепторним статусом 
(73,7%) були значно вищими, ніж у групі 16 пацієнток зі змінним рецепторним статусом (55,2%, P = 0,015). 
Тоді як оцінки 5‑річної загальної виживаності (OS) для пацієнтів із або без конверсії рецепторів не 
відрізнялися статистично (80,0 проти 72,4%, логарифмічний тест, P = 0,587). В  однофакторному аналізі 
пропорційних ризиків Кокса пацієнти з  конверсією рецепторів мали гірший показник DFS (співвідношення 
ризиків, 1,995; 95% довірчий інтервал, 1,130‑3,521, P = 0,031).
Висновки. Ми наполегливо рекомендуємо тестувати біомаркери пацієнтів на етапах лікування та приділяти 
більше уваги пацієнтам, які мають конверсію рецепторів. Ці пацієнти потребують індивідуального підходу 
для терапії при комплексному лікуванні. Визначення гормонального статусу необхідно проводити 
обов’язково після проведення неоад’ювантної терапії, з післяопераційного матеріалу, оскільки гормональний 
статус може змінюватися, а  також змінюватися тактика лікування, що запобігатиме виникненню 
хіміорезистентності.

Ключові слова: рак молочної залози, неоад’ювантна хіміотерапія, конверсія рецепторів, хіміорезистентність
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