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Abstract: Breast cancer is a highly heterogeneous tumor. Changes in receptor status often are observed at the time of recurrence and 

metastasis. This phenomenon of receptor transformation has an important impact on the choice of treatment and prognosis of patients. In 

this paper, we will review the literature related to receptor transformation in recent years, and then discuss the receptor transformation 

after recurrence of breast cancer patients and the potential mechanisms.  
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1. Introduction 
 

Breast cancer is currently the malignant tumor with the 

highest incidence rate among women worldwide, as well as 

the leading cause of cancer-related deaths [1] [2]. The treatment 

of breast cancer has formed a comprehensive treatment model 

based on surgical treatment, endocrine therapy, targeted 

therapy, and radiation therapy, which has brought about 

improved prognosis and quality of life for patients. However, 

tumor recurrence is inevitable when the disease progresses to 

an advanced stage, which can result in a poor prognosis. The 

treatment of breast cancer based on surgery, endocrine 

therapy, targeted therapy and radiation therapy has become 

well developed. These treatment have brought about 

improved prognosis and quality of life for patients. 

 

Receptor discordance between primary and metastatic tumors 

is frequently observed. This receptor conversion alters 

molecular subtypes, directly affecting treatment efficacy. 

Emerging evidence suggests that receptor conversion may 

influence prognosis [3]. Current clinical guidelines 

recommend reassessing receptor status in metastatic lesions 

upon first recurrence [3] [4] [5] [6]. 

 

This review synthesizes the literature related to receptor 

conversion in recent years to explore the pattern of receptor 

conversion in breast cancer patients after recurrence. We also 

discuss potential mechanisms of receptor conversion and their 

prognostic implications. 

 

2. Management and Challenges in Recurrent 

Breast Cancer 
 

Patients can have a worse prognosis due to recurrence events. 

Therefore, early detection and intervention is beneficial in 

prolonging the survival time of patients. Follow-up is very 

important for early identification of recurrence. Imaging tests 

(e.g. breast ultrasound, mammography, CT and MRI) can 

effectively identify suspected recurrent lesions. However, 

biopsy remains the gold standard for confirming malignancy 

and reassessing pathological and molecular subtypes. 

 

The treatment goal for recurrent breast cancer is to control 

disease progression, improve quality of life, and prolong 

survival. Treatment options include chemotherapy, endocrine 

therapy, targeted therapy and radiation therapy. However, the 

selection of appropriate treatment options is very 

complicating. The development of a treatment strategy 

usually requires a comprehensive assessment of the patient's 

physical status, the patient's tolerance to treatment, sensitivity 

to drugs, and previous treatment programs. 

 

There are many challenges in the treatment of patients with 

recurrent breast cancer. First, tumor cells after recurrence may 

become resistant to previous treatments, leading to decreased 

efficacy of first-line treatment regimens. Secondly, receptor 

status transformation may occur after recurrence, leading to 

adjustment of treatment strategies and uncertainty of 

prognosis. Furthermore, treatments (especially chemotherapy) 

often bring adverse effects, including myelosuppression, 

cardiotoxicity, and skin rash. These adverse events may affect 

treatment adherence and in severe cases may even be 

life-threatening. In addition, relapsed patients may develop 

psychological problems such as anxiety, depression, and 

self-loathing, which may affect subsequent treatment. 

 

Precise treatment strategies can reduce the adverse effects 

associated with treatment and increase the patient's 

confidence in treatment. Pathology information provided by 

biopsy can provide clinicians with important drug sensitivity 

information for the development of subsequent treatment. 

These data avoid the use of previous regimens even when the 

sensitivity of the tumor cells to the drug has decreased. 

 

3. Incidence of Receptor Conversion 
 

Receptor conversion after breast cancer recurrence refers to 

the inconsistency in hormone receptor (HR) and human 

epidermal growth factor receptor 2 (HER2) status between 

primary and metastatic tumors. This phenomenon has 

important implications for patients' treatment choices and 

prognosis. 

 

The incidence of receptor conversion is influenced by many 

factors, including the study population, assay methodology, 

and definitional criteria. Previous studies reported high 

variability in the conversion rates of HR and HER2 receptors, 

with inconsistency rates of 24-38% for estrogen receptor, 

33-46% for progesterone receptor, and 12-28% for HER2. 

The PR conversion rate is higher but more fluctuating, and the 
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HER2 conversion rate is lower [7] [8] [9] [10] [11]. Woo observed 

that ER and PR conversion from positive to negative was 

more common than the reverse, while HER2 conversion rates 

were balanced [11]. These variations highlight the complexity 

of receptor conversion and the need for standardized 

assessment.  

 

4. Factors Influencing Receptor Conversion 
 

It has been reported that receptor conversion may be affected 

by a variety of factors, including tumor heterogeneity, 

therapeutic pressure, and limitations of detection 

technologies. 

 

4.1 Tumor Heterogeneity 

 

Tumor heterogeneity can be divided into the following two 

types: (1) Intra-tumor heterogeneity refers to the genetic, 

phenotypic and functional differences of tumor cells in 

different regions within the same tumor. Variations in 

receptor expression within a single tumor may lead to 

sampling bias during biopsy. Multisite sampling is 

recommended to mitigate this. (2) Inter-tumor heterogeneity 

refers to the differences in tumor cells between different 

tumors. Intra-tumor heterogeneity in breast cancer is an 

important driver of receptor transformation. Ding showed that 

differences in mutation frequency and gene structure were 

found between breast cancer metastatic tumors and primary 

tumors, and that secondary tumors may originate from a small 

number of cells within the primary tumor [12].  

 

It is hypothesized that tumor cells generate several types of 

daughter cells with different characteristics during 

proliferation. These daughter tumor cells differed in terms of 

proliferation, invasive ability and sensitivity to drugs. A small 

number of these primary tumor cells metastasized due to their 

higher dissemination ability. 

 

4.2 Treatment Pressure 

 

Previous therapy can screen tumor subgroups. This screening 

effect may change in the overall tumor receptor status. 

Niikura reviewed pathologic information on 182 patients with 

recurrent HER2 overexpressing breast cancer at MD 

Anderson Cancer Center. The results of the study found a 

HER2 conversion rate of 24%, and chemotherapy was 

associated with loss of positive HER2 receptor expression (P 

= 0.022) [13]. In contrast, Turner noted that HER2-targeted 

therapies (e.g., trastuzumab) may result in loss of HER2 

expression [3]. Most of the relevant studies concluded that 

hormone receptor deletion is associated with endocrine 

therapy. It is hypothesized that under the selection of 

endocrine drug pressure, the tumor cell subgroups that can 

resist endocrine therapy is more likely to survive as a 

dominant subgroups. However, there are also findings that ER 

receptor conversion may be associated with chemotherapy 

and PR receptor conversion shows a correlation with the use 

of endocrine therapeutic agents [19]. Treatment Pressure does 

not perfectly explained the phenomenon of receptor 

conversion. 

 

4.3 Limitations of Testing Techniques 

 

Different testing methods (e.g., immunohistochemistry, 

fluorescence in situ hybridization) and sample processing may 

lead to misclassification of receptor status. 

Immunohistochemistry is a mature technology with less 

equipment requirements and can be routinely performed in the 

pathology departments of most hospitals. It also has the 

advantage of low cost. So far, it is widely used in the detection 

of receptor status in clinical practice. 

 

However, the interpretation of immunohistochemistry results 

depends on the pathologist's experience. IHC results are 

influenced by sample processing, fixation, antibody selection, 

and staining protocols. Sighoko reviewed a large amount of 

previous literature data by Bayesian misclassification 

correction. This study found that a significant proportion of 

hormone receptor status inconsistencies could be attributed in 

misclassifying receptor status [14]. Schettini collected 100 

specimens from five pathologists specializing from different 

institutions. and reproduced the HER 2 IHC scores. The 

results suggested poor reproducibility of HER 2 IHC scores 

among pathologists, with 35% of the specimens showing IHC 

inconsistencies. [15] 

 

The previous studies failed to reach a unified conclusion on 

the factors influencing the transformation of receptor 

expression after breast cancer recurrence. This may be related 

to aspects such as the high heterogeneity of breast cancer 

tumors and the subjectivity of detection techniques., etc. In 

addition, Bergeron found that tumors with low HER2 

expression status were more likely to express ER after 

recurrence and possessed lower KI-67 with longer 

disease-free survival. HER2 status was less stable in patients 

with lower PR expression in primary tumors [16]. It indicates a 

possible interaction between receptor statuses. 

 

5. Prognostic Impact of Receptor Conversion 
 

The receptor status of breast cancer lesions is a key factor 

influencing patient prognosis. HR-positive tumors generally 

have better outcomes due to endocrine sensitivity, while 

HER2-positive tumors, though aggressive, benefit from 

targeted therapies. However, the prognostic significance of 

receptor conversion remains debated [3] [11] [13] [17] [18] [19] [20] [21] 

[22]. 

 

Some studies suggest that converted HR status does not 

improve survival compared to persistently negative HR, while 

persistently positive HR correlates with better outcomes. 

However, there are also studies found that conversion to 

negative hormone receptor status after relapse is associated 

with a poor prognosis. Hormone receptor positive status 

seems to be regarded as prolonging patient survival in most 

studies [11] [17] [19]. Can this group of patients whose hormone 

receptors have converted from negative to positive regain 

sensitivity to endocrine drugs and improve their prognosis? 

There is no clear answer to this question. 

 

The survival prognosis of patients after HER2 receptor 

conversion has also been explored in many literatures, but no 

agreement has been reached. A meta-analysis indicate HER2 

conversion has less prognostic impact than HR conversion [3]. 

However, emerging therapies like trastuzumab deruxtecan 

(DS-8201) may benefit HER2-low patients [23].  
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6. Research Landscapes 
 

Most studies are retrospective, with limited prospective data 
[24] [25] [26]. The largest retrospective study (N=3,295) reported 

a 37.7% overall conversion rate, with PR showing the highest 

(30.1%) and HER2 the lowest (15.4%) [27]. Persistent ER/PR 

positivity was associated with longer disease-free survival, 

while HER2 conversion had minimal impact.  

 

Future studies should prioritize prospective designs to 

prognostic implications of receptor conversion. 

 

7. Conclusions 
 

Receptor conversion in recurrent breast cancer is common and 

influenced by tumor heterogeneity, treatment selection, and 

detection methods. Previous literature initially revealed the 

pattern of receptor conversion, but was unable to confirm the 

impact of receptor conversion on the survival prognosis of 

patients. It is expected that the subsequent data will validate 

the independent effect of receptor conversion on prognosis. 

This will be helpful in developing individualized therapy for 

patients with recurrence. 
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