
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t t p  : / /  c r e a  t i  
v e c  o m m  o n s .  o r  g / l  i c e  n s e s  / b  y - n c - n d / 4 . 0 /.

Zhang et al. World Journal of Surgical Oncology          (2025) 23:155 
https://doi.org/10.1186/s12957-025-03801-6

World Journal of Surgical 
Oncology

†Run-Ze Zhang, Dong Liu and Yuan Ke contributed equally to this 
work.

*Correspondence:
Chao-Yan Wu
grace98765@163.com

Hai-Jun Yu
haijunyu@whu.edu.cn
1Department of Radiation and Medical Oncology, Zhongnan Hospital of 
Wuhan University, Wuhan 430071, China
2Department of Integrated Traditional Chinese Medicine and Western 
Medicine, Zhongnan Hospital of Wuhan University, Wuhan 430071, China

Abstract
Purpose The aim of this study was to examine molecular subtype conversions in patients who received neoadjuvant 
therapy.

Methods and materials A retrospective analysis was performed on 316 patients who underwent neoadjuvant 
therapy at Zhongnan Hospital of Wuhan University between March 2017 and October 2024. The study included data 
from patients with confirmed pathological residual disease at the primary site post-surgery, alongside complete 
receptor status and detailed information on the neoadjuvant treatment regimen administered before and after 
therapy. Univariate and multivariate logistic regression analyses were employed to identify factors influencing 
molecular subtype heterogeneity before and after neoadjuvant therapy.

Results Of the 316 patients who received neoadjuvant therapy and underwent repeated pathological biopsies, 
84 (26.6%) achieved a pathological complete response (pCR). Among the remaining 232 patients with confirmed 
pathological residual disease after surgery, 85 (36.6%) exhibited conversion of molecular subtypes, with 45 cases 
(19.3%) leading to alterations in the treatment plan. In breast cancer patients undergoing neoadjuvant chemotherapy 
(NAC), particularly those with HR-positive tumors prior to NAC, those demonstrating favorable treatment responses 
on imaging, and those undergoing breast-conserving surgery, molecular subtype heterogeneity before and after NAC 
was more commonly observed.

Conclusion Neoadjuvant therapy can induce molecular subtype heterogeneity in patients with invasive breast 
cancer. The identification of factors contributing to this heterogeneity may be associated with variations in biological 
markers of residual disease post-NAC, sampling discrepancies between core needle biopsy (CNB) and surgical 
specimens, or the selective mutagenic pressure exerted by chemotherapeutic agents.
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Introduction
Breast cancer is the most frequently diagnosed cancer 
among women globally, comprising approximately one-
quarter of all new cancer cases annually. The incidence 
of breast cancer varies significantly across different coun-
tries. In 2020, China reported the highest number of 
breast cancer cases, representing 18.4% of the global total 
[1]; McPherson, Steel, & Dixon [2]. In early-stage breast 
cancer, the disease is confined to the breast or, in the case 
of lymph node-positive patients, to the breast and adja-
cent lymph nodes, all of which can be surgically resected. 
Stage I and II breast cancers are typically managed with 
breast-conserving surgery followed by radiation therapy. 
In contrast, Stage III breast cancer, often requires neo-
adjuvant chemotherapy (NAC) to reduce tumor size and 
facilitate breast-conserving surgery [3]; Maughan, Lut-
terbie, & Ham [4]. Currently, NAC is a cornerstone of 
breast cancer treatment, with its application expanding, 
particularly in downstaging primary breast tumors and 
metastatic axillary lymph nodes. NAC has proven invalu-
able in locally advanced and inoperable breast cancer, 
often transforming previously unresectable tumors into 
resectable ones [5, 6]; Mauri, Pavlidis, & Ioannidis [7],; 
Wang & Mao [8]. Furthermore, in patients with operable 
disease, NAC has been shown to modestly increase the 
rate of breast-conserving surgery, with the proportion 
rising from 7 to 12%. Consequently, NAC has emerged as 
a pivotal treatment approach for locally advanced breast 
cancer, providing opportunities for tumor downstaging, 
facilitating breast-conserving surgery, and enabling more 
personalized treatment strategies that ultimately enhance 
patient prognosis and quality of life [9, 10, 11, 12, 13].

Previous studies have demonstrated that patients 
achieving a pathological complete response (pCR) fol-
lowing neoadjuvant treatment exhibit significantly 
improved overall survival (OS) and disease-free survival 
(DFS), particularly among those with triple-negative 
and HER2-positive breast cancer [14, 15, 16]. The utili-
zation of immunohistochemical (IHC) biomarkers, such 
as estrogen receptor (ER), progesterone receptor (PR), 
and human epidermal growth factor receptor 2 (HER2), 
is essential for breast cancer subtyping. This information 
guides treatment decisions, predicts therapeutic out-
comes, and aids in assessing patient prognosis [17, 18].

Recent studies have suggested that neoadjuvant ther-
apy may induce changes in hormone receptor status 
during treatment, a phenomenon known as receptor con-
version. These molecular alterations will complicate the 
therapeutic approach, potentially leading to inappropri-
ate endocrine or HER2-targeted therapy for patients with 
recurrent or metastatic breast cancer (Sahin, Ayasun, 
Rizzo, & Guven [19],; van de Ven, Smit, Dekker, Nortier, 
& Kroep [20]. Molecular subtype conversion is a frequent 
occurrence during the progression of breast cancer and 

can be observed across various metastatic sites. These 
subtype alterations possess predictive value, indicat-
ing the need for clinicians to adjust adjuvant treatment 
plans accordingly. However, the frequency of molecular 
subtype changes following NAC remains unclear, and no 
consensus has been reached on this issue.

In this study, we aimed to investigate the changes and 
frequency in IHC-based molecular subtype in patients 
who underwent NAC at our institution. We analyzed 
factors associated with these transitions and identified 
patient characteristics that increase the probability of 
molecular subtype changes during NAC. These findings 
highlight the significance of monitoring subtype conver-
sions to prevent inappropriate treatment. Furthermore, 
exploring the underlying mechanisms of these transitions 
will drive the development of precision medicine.

Methods and materials
Patient selection
Upon obtaining approval from the Ethics Committee of 
Zhongnan Hospital, Wuhan University, we conducted a 
retrospective review of all female breast cancer patients 
who underwent neoadjuvant chemotherapy followed by 
definitive surgery at the Oncology Center of Zhongnan 
Hospital between March 2017 and October 2024. A total 
of 233 patients who did not achieve a pathological com-
plete response (pCR) after neoadjuvant chemotherapy 
were included in the present analysis. Inclusion standard: 
(a) The patient is a female, over 18 years of age. (b) Under-
went core needle biopsy and intraoperative specimen 
resection with pathological examination at Zhongnan 
Hospital of Wuhan University. (c) Pathological findings 
confirmed the diagnosis of invasive breast cancer. (d) 
Following the NCCN guidelines, she received neoadju-
vant therapy according to molecular subtypes. (e) After 
neoadjuvant chemotherapy (NAC), she underwent breast 
resection at Zhong nan Hospital of Wuhan University. (f ) 
Both the biopsy and post-surgical specimens were sub-
jected to immunohistochemical analysis. (g) Breast ultra-
sound was performed prior to both the biopsy and the 
surgical resection, allowing for accurate measurement 
of the tumor size before NAC. This study was conducted 
in accordance with the Declaration of Helsinki and was 
formally approved by the Ethics Committee of Zhongnan 
Hospital of Wuhan University (2024318 K). The require-
ment for written informed consent was waived for this 
study. All methods were performed in accordance with 
the applicable guidelines and regulations.

Clinical and demographic information
Clinical data were collected through a review of elec-
tronic health records, including patient age at diagno-
sis, WHO tumor grading prior to neoadjuvant therapy, 
surgical approach, molecular subtyping before and after 
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neoadjuvant therapy, and family history of breast can-
cer. Clinical staging of the tumor, along with the status 
of breast cancer biomarkers (ER, PR, HER2, Ki67) before 
and after neoadjuvant chemotherapy, was also reviewed. 
Estrogen receptor (ER) and progesterone receptor (PR) 
statuses were assessed using immunohistochemistry 
(IHC), with a positivity threshold for both ER and PR 
defined as ≥ 1%. Hormone receptor positivity was clas-
sified as ER and/or PR positivity. In accordance with 
prior literature and clinical practice [21], ER expres-
sion was categorized into five groups: negative (ER 0%), 
low expression (ER 1–10%), moderate expression (ER 
10-50%), high expression (ER 50-75%), and very high 
expression (ER > 75%). PR expression was classified into 
three categories: negative (PR 0%), low expression (PR 
1–10%), and high expression (PR > 10%). Further, details 
regarding each patient’s neoadjuvant treatment regimen, 
treatment duration, and therapeutic efficacy were col-
lected. Treatment efficacy was evaluated according to the 
RECIST 1.1 criteria for solid tumors.

Outcomes
The primary outcomes were the proportion of patients 
exhibiting molecular subtype heterogeneity before and 
after neoadjuvant chemotherapy (NAC), as well as the 
proportion of cases in which adjuvant therapy was modi-
fied, defined by changes in molecular subtype between 
the initial pathological biopsy and the post-NAC speci-
men. Changes in adjuvant therapy were categorized as 
follows: patients with hormone receptor-positive on the 
initial biopsy who became HR- after NAC, thereby omit-
ting adjuvant endocrine therapy; patients with hormone 
receptor-negative on the initial biopsy who became 
HR + after NAC, thus initiating adjuvant endocrine ther-
apy; patients with HER2 + status on the initial biopsy 
who became HER2- after NAC, thereby discontinuing 
adjuvant monoclonal antibody treatment; and patients 
with HER2- status on the initial biopsy who became 
HER2 + after NAC, leading to the initiation of adjuvant 
monoclonal antibody therapy.

The secondary outcome was to analyze and validate the 
factors associated with molecular subtype heterogeneity 
before and after NAC. Breast cancer molecular subtypes 
were classified according to the 2013 St. Gallen consen-
sus (Ignatiadis, Buyse, & Sotiriou [22].

Biomarker testing
Immunohistochemistry (IHC) and fluorescence in situ 
hybridization (FISH) analyses were conducted by the 
Pathology Department of Zhongnan Hospital, Wuhan 
University. All specimens were fixed in formalin, dehy-
drated, and embedded in paraffin. After embedding, tis-
sue sections underwent antigen retrieval via heating. 
Following blocking, primary antibodies were incubated 

for 1 h, secondary antibodies for 10 min, and DAB sub-
strate was applied for detection, followed by coun-
terstaining and differentiation. The slides were then 
examined and recorded under a light microscope.

For FISH, paraffin-embedded tissue sections were 
dewaxed in xylene and rehydrated through a series of 
ethanol solutions (70%, 85%, and 100%). The tissues were 
immersed in 30% sulfite for 30  min, followed by three 
rinses in SSC buffer. Proteinase K digestion was per-
formed for 5 min, after which tissues were rinsed in SSC 
buffer. The specimens were then treated with 0.1 mol/L 
HCl for 5 min, dehydrated in ethanol, and incubated in 
acetone for 3 min. After baking, 10 µL of denatured DNA 
probe was added for overnight hybridization at 42 °C, fol-
lowed by a 5-minute rinse in 50% formamide. After addi-
tional SSC rinsing and drying, 15 µL of DAPI was applied 
for 10  min for counterstaining. The tissues were subse-
quently observed under a fluorescence microscope.

In IHC, positive staining was indicated by dark brown 
membranous staining. Negative (0) was defined as less 
than 10% of cells showing no staining. Weak positivity 
(+) was defined as approximately 10% of cells displaying 
partial membranous staining. Moderate positivity (++) 
was characterized by around 10% of cells showing mild to 
moderate membranous staining. Strong positivity (+++) 
was defined as more than 10% of cells with intense mem-
branous staining. In FISH, green signals in the nucleus 
identified the diploid state of chromosome 17, while red 
signals indicated the presence of the HER2 gene. A red-
to-green signal ratio greater than 2, or more than four red 
HER2 fluorescent signals, indicated positive HER2 gene 
amplification. We have precisely defined the HER2 posi-
tivity threshold by evaluating HER2 protein expression in 
tumor tissues. IHC scores are categorized into four tiers: 
0, 1+, 2+, and 3+. A score of 3 + signifies strong HER2 
positivity, directly indicating HER2 - positivity. Scores of 
0 and 1 + mean HER2 - negativity. For a score of 2+, we 
perform ISH testing on the area with the highest HER2 
expression detected by IHC. We observe FISH signals 
with a 100× objective or DSISH signals with a 40× or 60× 
objective, selecting the region with the highest amplifi-
cation. We count and calculate the ratio of dual - color 
signals in at least 20 consecutive tumor cell nuclei. If the 
ratio of HER2 signals to CEP17 signals is ≥ 2.2, amplifi-
cation is deemed present (ISH - positive). If the ratio is 
between 1.8 and 2.2, we recount in 20 more cells or have 
another pathologist count. A ratio ≥ 2.0 indicates ampli-
fication, while < 2.0 means no amplification. This rigor-
ous process ensures accurate HER2 status determination, 
underpinning the reliability of our subsequent research.

Statistical analysis
Statistical analysis was performed using R version 4.3.2. 
Descriptive statistics were employed to report the 
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frequency of molecular subtype changes and the subse-
quent alterations in treatment regimens. The influence of 
demographic, disease-related, and treatment-related fac-
tors on molecular subtype transitions was assessed using 
the chi-square test, with results summarized in base-
line tables. Variables were screened by excluding those 
that were either significantly unrelated or those, such as 
postoperative pathology, that directly reflected molecu-
lar subtype. The remaining variables were dichotomized 
and subjected to both univariate and multivariate logistic 
regression analyses to evaluate the association between 
each independent variable and molecular subtype 
changes. All variables were included in the multivari-
ate logistic regression model to account for all potential 
influencing factors, ensuring a more precise and compre-
hensive assessment. Statistical analysis was conducted 
using R version 4.0.3, with a significance threshold set at 
p < 0.05.

Results
Molecular subtype conversion
During the study period, we identified 316 patients who 
underwent definitive surgery for breast cancer following 
neoadjuvant chemotherapy (NAC) and collected both 
clinical and pathological data. The data filtering process is 
depicted in Fig. 1. Of these, 86 patients (27.2%) achieved 
a pathological complete response (pCR). For the remain-
ing 232 patients with residual disease, biomarker testing 
was repeated on the surgical specimens. A comparison of 
biomarkers between pre-neoadjuvant and post-surgical 
specimens revealed that 85 patients (36.6%) experienced 
a molecular subtype change (Fig. 2).

Among the 232 patients who did not achieve a patho-
logical complete response (pCR) after NAC, the consis-
tency and heterogeneity of molecular subtypes before 
and after treatment are summarized in Fig.  3. Among 
the 85 cases with molecular subtype heterogeneity after 
NAC, 3 out of 11 Luminal A-type cases (27%) transi-
tioned to Luminal B HER2- type. Of the 98 Luminal B 
HER2- type cases, 32 (33%) transitioned to Luminal A 
type, and 9 (9%) to Triple-negative type. Among the 46 
Luminal B HER + type cases, 1 (2%) transitioned to Lumi-
nal A-type, 10 (22%) to Luminal B HER2- type, 7 (15%) to 
HER2 + type, and 3 (7%) to Triple-negative type. Among 
the 23 HER2 + type cases, 3 (13%) transitioned to Lumi-
nal B HER2- type, 4 (17%) to Luminal B HER2 + type, 
and 4 (17%) to Triple-negative type. Among the 39 Tri-
ple-negative type cases, 2 (5%) transitioned to Luminal B 
HER2- type and 2 (5%) to HER2 + type. The distribution 
of cases exhibiting molecular subtype heterogeneity is 
shown in Fig. 4.

Changes in adjuvant treatment plans
Among the 85 patients with molecular subtype het-
erogeneity before and after neoadjuvant chemotherapy 
(NAC), 45 patients (19.4%) experienced a change in their 
postoperative treatment regimen as a result of molecular 
subtype alterations (Fig.  5). The proportions of patients 
whose adjuvant treatment plans were modified based 
on molecular subtype changes, along with the specific 
changes in treatment regimens, are detailed in Supple-
mentary Table 1. Of these, 16 patients omitted endocrine 
therapy, 15 discontinued targeted therapy, 6 initiated 
endocrine therapy, and 2 added targeted therapy. Addi-
tionally, 6 patients received adjuvant regimens that were 
entirely contrary to their neoadjuvant treatment plans, 
owing to changes in molecular subtype as indicated by 
pathology.

Clinical and demographic factors
Among the 316 patients who underwent breast cancer 
surgery following neoadjuvant chemotherapy (NAC) 
during the study period, 84 patients (26.6%) achieved a 
pathological complete response (pCR). For the remain-
ing 232 patients with residual disease, biomarker testing 
was repeated on the surgical specimens. Baseline demo-
graphic, disease-related, and treatment-related factors 
for the molecular subtype non-transition group and the 
molecular subtype transition group are summarized in 
Supplementary Table 2. Statistically significant differ-
ences were observed between the two groups in terms 
of surgical approach, pre-neoadjuvant Ki-67 score, pre-
neoadjuvant hormone receptor status, ER status, HER2 
status, neoadjuvant treatment efficacy assessment, 
post-neoadjuvant Ki-67 score, post-neoadjuvant HER2 
grading, and post-neoadjuvant ER status. These factors 
were found to significantly influence molecular subtype 
changes before and after neoadjuvant therapy.

Factors associated with molecular subtype conversions
In both univariate and multivariate regression analy-
ses (Supplementary Table 3), we examined the relation-
ship between various variables and molecular subtype 
transitions. Our analysis revealed that, compared to 
patients undergoing non-breast-conserving surgery, 
those who underwent breast-conserving surgery after 
neoadjuvant therapy had a significantly higher likelihood 
of experiencing molecular subtype changes (adjusted 
OR = 1.87, 95% CI = 1.01 to 3.46, p = 0.047). HR + tumors 
prior to neoadjuvant therapy were notably more likely 
to undergo receptor conversion than HR- tumors 
(adjusted OR = 15.92, 95% CI = 1.17 to 217.43, p = 0.038). 
For patients with HER2 overexpression before neoadju-
vant therapy, although the likelihood of molecular sub-
type transition was increased (adjusted OR = 3.05, 95% 
CI = 0.89 to 10.50), it did not reach statistical significance. 
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Fig. 1 Screening process of 232 cases of invasive breast cancer who did not achieve pathological complete response after neoadjuvant chemotherapy 
between 2017 and 2024
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Patients who achieved a pathological partial response 
(PR) after neoadjuvant therapy were significantly more 
likely to experience molecular subtype changes compared 
to those with no significant response or tumor progres-
sion (adjusted OR = 3.47, 95% CI = 1.49 to 8.06, p = 0.004). 
These findings are visually represented in a forest plot 
(Fig.  6). In contrast, factors such as age, tumor stage 
before NAC, WHO grading, pre-treatment Ki-67 score, 
ER status, PR status, and HER2 grading prior to NAC 
were not found to be associated with molecular subtype 
transitions.

Discussion
In our retrospective study, we found that a significant 
proportion of patients experienced molecular subtype 
changes following neoadjuvant chemotherapy (NAC), 
with 36.6% of patients undergoing such transitions. 
Among patients with altered molecular subtypes,19.4% 
received a different adjuvant treatment regimen com-
pared to the initial regimen based on pre-NAC biomarker 
results. We summarized the distribution and frequency 
of molecular subtype changes after NAC across various 
pre-treatment molecular subtypes, aiming to guide clini-
cians in prioritizing repeat biomarker testing for patients 
with specific subtypes who are more likely to undergo 
such changes.

Previous studies have primarily focused on the conver-
sion rates of individual receptors [12, 23, 24, 25]; Zhang, 
Moran, Huo, Haffty, & Yang [26], whereas our study 
adopts a broader perspective by investigating molecu-
lar subtype transitions, which may offer a more intuitive 
approach for clinicians. Focusing on molecular subtypes 
rather than receptors enables physicians to more clearly 
identify, based on clinical breast cancer subtypes, which 
patients are more likely to experience molecular subtype 
shifts following neoadjuvant therapy. In our cohort of 232 
breast cancer patients who did not achieve a pathological 
complete response (pCR) after NAC more than one-third 
(36.6%) exhibited molecular subtype heterogeneity, with 
varying proportions of subtype changes. Notably, one-
third of patients with the Luminal B HER2- subtype tran-
sitioned to Luminal A. Furthermore, we confirmed that 
pre-treatment Ki-67 levels differed between patients with 
and without molecular subtype changes, consistent with 
findings by Reiki Nishimura (Nishimura, Osako, Oku-
mura, Hayashi, & Arima [27], and Sasagu Kurozumi [28], 
who reported a decrease in Ki-67 post-NAC in certain 
patients. This reduction in Ki-67 indirectly contributed 
to molecular subtype changes, as multiple studies have 
demonstrated that treatment can lower Ki-67 expression 
[27, 28, 29], reflecting a decrease in tumor proliferative 
activity.

In the Luminal B HER2 + group, nearly one-fifth of 
patients transitioned to Luminal B HER2-, and approxi-
mately 20% of HER2 + patients developed triple–nega-
tive breast cancer (TNBC), likely due to a reduction in 
HER2 expression following NAC. Several studies [30, 
31, 32] have documented changes in HER2 expression 
after NAC. For example, in a multicenter study by Julia 
Tchou [31], 11 of 207 patients with HER2-negative dis-
ease before NAC transitioned to TNBC post-treatment, 
while 14 out of 52 patients with HER2-positive disease 
converted to HER2-negative status after NAC. Our find-
ings are consistent with these results, as approximately 
one-quarter of HER2 + patients converted to HER2- after 
NAC. This subgroup demonstrated significantly shorter 
progression-free survival and higher recurrence risks 
[33], which has important clinical implications for subse-
quent treatment strategies. However, in our multivariate 
analysis, there was no statistically significant difference in 
the HER2 overexpression group before NAC treatment, 
suggesting that a larger sample size is needed to validate 
these findings.

We also observed that hormone receptor-positive 
molecular subtypes were more likely to undergo molecu-
lar subtype transitions, a finding confirmed by both uni-
variate and multivariate logistic regression analyses. This 
aligns with the results of S. van de Ven [20], who reported 
that changes in hormone receptor expression are associ-
ated with NAC. In our study, approximately one-fifth of 

Fig. 2 Proportion of molecular subtype changes in 233 cases of invasive 
breast cancer that did not achieve pathological complete response after 
neoadjuvant chemotherapy
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Luminal B HER2 + patients transitioned to HER2-neg-
ative status after NAC, further supporting the connec-
tion between hormone receptor expression and NAC. 
Although we also examined the expression levels of ER 
and PR, no definitive conclusions could be drawn from 
the statistical analysis.

In our study, some patients exhibited a shift in molecu-
lar subtypes from triple-negative breast cancer (TNBC) 
to other subtypes post - neoadjuvant therapy. For these 
patients, treatment adjustments involve combining 
immune checkpoint inhibitors with chemotherapy, a 
regimen that significantly boosts TNBC patients’ over-
all survival (OS) (Sharma et al., [34]. For breast cancer 
patients with altered HER2 expression, treatment modifi-
cations include continuing dual - target therapy or inten-
sifying chemotherapy. The latest WSG-TP II trial results 
show that effective HER2 - targeted therapy can down-
scale chemotherapy for HR-positive/HER2-positive early 
- stage breast cancer patients. Patients achieving pCR 
after neoadjuvant standard endocrine therapy plus dual 

- target therapy have a 100% five - year overall survival 
rate [35]. Luminal A - type patients have better clinical 
outcomes and pathological response rates, while Luminal 
B - type patients have relatively lower efficacy. Therefore, 
for Luminal B - type patients, extended endocrine ther-
apy duration or the addition of novel agents like CDK4/6 
inhibitors may be considered to further improve survival 
rates.

Previous studies have demonstrated that tumor hetero-
geneity, including biopsy selection bias, may contribute 
to the molecular subtype heterogeneity observed before 
and after NAC [36, 37]; Robertson, Rönnlund, de Boni-
face, & Hartman [38]. For instance, in a study by Stepha-
nie Robertson involving 526 patients who underwent 
direct surgery between 2016 and 2017, the consistency of 
HER2 immunohistochemistry (IHC) was only 75.4%, and 
the consistency for Ki-67, using a 20% cutoff, was just 
78.8% [38]. The agreement between repeated pre- and 
post-treatment biopsies for Ki-67 and HER2-IHC was 
limited, suggesting that variations in biopsy sites within 

Fig. 3 Sankey diagram of molecular subtype changes in 232 cases of invasive breast cancer that did not achieve pathological complete response after 
neoadjuvant chemotherapy. NAC: Neoadjuvant chemotherapy; LA: Luminal A-type; LB HE-: Luminal B HER2-; LB HE + Luminal B HER2+; HE+: HER2+; TN: 
Triple-negative
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the same tumor may contribute to discrepancies in bio-
marker reports, thereby leading to molecular subtype 
heterogeneity. However, in our study, we observed signif-
icant differences in the likelihood of molecular subtype 
heterogeneity after NAC among patients with different 
initial molecular subtypes. This leads us to conclude that 
while biopsy selection bias may play a role, the observed 
changes in molecular subtypes are more closely associ-
ated with the specific NAC regimen administered, rather 
than being solely attributable to biopsy-related factors.

In this study, both the efficacy of NAC and the surgical 
approach were found to have statistically significant asso-
ciations with molecular subtype heterogeneity in multi-
variate logistic regression analysis. Specifically, among 
patients who did not achieve pathological complete 
response (pCR), those with partial response (PR) and 
those undergoing breast-conserving surgery for resec-
tion of residual disease were significantly more likely to 
experience molecular subtype changes after NAC. We 
hypothesize that this phenomenon may be attributed to 
the selective pressure exerted by chemotherapy, as the 
biomarker profiles of tumor cells that survive neoad-
juvant treatment may differ from those of the original 
pre-treatment tumor cells (Venkatesan, Swanton, Tay-
lor, & Costello [39]. This observation aligns with find-
ings from Sudheer Vemuru’s retrospective single-center 
study [32], which reported that receptor conversion was 
more frequently observed in patients with clinical stage 

Fig. 5 The proportion of molecular subtype changes after neoadjuvant 
chemotherapy that led to changes in subsequent treatment

 

Fig. 4 The specific number of molecular subtype changes in 232 cases of invasive breast cancer that did not achieve pathological complete response 
after neoadjuvant chemotherapy. NAC: Neoadjuvant chemotherapy; LA: Luminal A-type; LB HE-: Luminal B HER2-; LB HE + Luminal B HER2+; HE+: HER2+; 
TN: Triple-negative
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I-II tumors after NAC. This further supports the notion 
that tumors exhibiting a favorable response to systemic 
therapy may be more susceptible to molecular subtype 
heterogeneity.

Although repeated biomarker testing may incur addi-
tional costs and potentially delay the initiation of sub-
sequent adjuvant therapy, our findings underscore 
the clinical significance of this approach. In our study, 

molecular subtype changes led to alterations in the 
adjuvant treatment plan for approximately one in five 
patients, suggesting that postoperative biomarker testing 
is critical for ensuring appropriate treatment decisions. 
Given the substantial likelihood of molecular subtype 
shifts, particularly in hormone receptor-positive and 
HER2-overexpressing subtypes before NAC, clinicians 
should be vigilant in conducting timely postoperative 

Fig. 6 Univariate and multivariate analysis of influencing factors (Forest plot)
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biomarker assessments. This practice is essential for opti-
mizing treatment strategies, as the molecular subtype 
alterations can lead to significant adjustments in adjuvant 
therapies, potentially improving patient outcomes and 
minimizing unnecessary treatments.

We acknowledge that this study had some limitations. 
First, it was conducted only at a single institution in cen-
tral China, which may limit the generalizability of the 
study findings to other regions, populations, or medi-
cal settings. Although Zhongnan Hospital is a leading 
academic medical center with a large number of breast 
cancer cases, the study sample may not fully reflected the 
wide diversity of demographic and clinical characteristics 
among breast cancer patients. Second, as a retrospec-
tive study, it was not possible to exclude selection bias. 
To control for confounding factors, we included all rele-
vant variables (regardless of their significance in univari-
ate analysis) in a multivariable logistic regression model, 
thereby minimizing the influence of selection bias on the 
study results.

We hope that this study will stimulate further research 
and discussion on molecular subtype heterogeneity of 
breast cancer patients before and after NAC. Specifi-
cally, future basic research could explore whether specific 
NAC regimens can induce consistent changes in tumor 
cell biomarkers, potentially leading to more personalized 
therapeutic strategies. Understanding the mechanisms 
driving molecular subtype transitions during treatment 
can enhance our knowledge of breast cancer biology and 
improve clinical decision-making, ultimately optimiz-
ing patient outcomes. In the next five years’ research on 
molecular subtype shifts, more studies will increasingly 
concentrate on different survival outcomes following 
diverse molecular subtype changes and make significant 
progress in treatment personalization. As molecular 
subtype assessment becomes more refined, extending 
beyond traditional immunohistochemistry and FISH 
methods, advancements in genomic analysis and liq-
uid biopsy technologies will more precisely characterize 
residual disease post - neoadjuvant therapy, identifying 
patients with an initial response but still at high risk of 
recurrence.

Conclusion
Molecular subtypes of breast cancers changed fre-
quently after NAC and these changes could affect sub-
sequent adjuvant treatment options. Thus, molecular 
subtypes should be reassessed after NAC using surgical 
specimens. Understanding the pattern of change in each 
molecular subtype can provide reference for the treat-
ment and enable individualized management of breast 
cancer patients.
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