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Introduction
Breast cancer is the most common cancer and the 
leading cause of cancer-related death among 
women worldwide.1 Despite significant progress 
in treatment, tumor metastasis and failure of ther-
apy remain the main causes of death in patients 
with breast cancer.2 According to ER, PR, and 

HER2 status, breast cancer is classified into dif-
ferent subtypes, with different epidemiological 
risk factors and responsiveness to systemic treat-
ments.3 The prognostic value of breast cancer 
markers such as ER, PR, and HER2 in primary 
tumors is well recognized and previous studies have 
already confirmed receptor conversion between 
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Abstract
Background: Although the conversion of clinically used breast cancer biomarkers such as 
estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor 
receptor 2 (HER2) between primary tumors and metastatic lesions is well recognized, 
data on whether receptor conversion has an effect on therapy management and survival in 
patients with metastatic breast cancer is limited. This study aimed to investigate the clinical 
implications of receptor conversion throughout tumor progression.
Methods: In total, 2450 patients diagnosed with metastatic breast cancer in Tianjin Medical 
University Cancer Institute and Hospital were analyzed and 426 female patients with 
available biopsy results from both primary and metastatic sites were included in this study. 
We investigated the alteration of ER, PR and HER2 during breast cancer progression and 
evaluated the therapy management and prognostic value of receptor conversion.
Results: The conversion rates of ER, PR, and HER2 between primary tumors and metastasis 
were 21.1% (McNemar’s test p < 0.001), 33.2% (p < 0.001), and 11.6% (p = 0.868), respectively. 
Evaluation of ER, PR, and HER2 status in multiple consecutive metastases revealed a change 
in 19.1% (p > 0.05), 23.5% (p = 0.021), and 9.8% (p > 0.05) of patients, respectively. Adjuvant 
therapy (chemotherapy/endocrine therapy) was related to hormone receptor conversion 
(p < 0.05). A statistically significant differential survival associated with hormone receptor (ER/
PR) conversion (log-rank p < 0.05) was observed. In the multivariate analysis, ER conversion 
was an independent influence factor of survival (p < 0.05). Molecular typing conversion in 
primary and metastatic lesions also had a significant effect on survival (p < 0.05). We found that 
changing treatment based on the receptor conversion could affect clinical outcomes (p < 0.05).
Conclusions: Our findings indicated that receptor conversion during breast tumor progression 
had a significant effect on survival. Most importantly, our findings proved that patients with 
receptor conversion benefited from a change in therapy.
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primary breast tumor and metastatic sites.4–11 In 
addition, the American Society of Clinical 
Oncology/College of American Pathologists guide-
lines suggest that when there is a change in recep-
tor expression, treatment should be determined 
according to the ER, PR, and HER2 status of 
metastatic lesions.12 Therefore, it is clinically sig-
nificant to assess the receptor status in metastasis. 
Nevertheless, limited information is available on 
the effect of receptor conversion on long-term 
survival, and evidence to determine whether 
changing the therapy regime based on receptor 
conversion affects clinical outcomes is lacking. In 
this retrospective study, we aimed to investigate 
the clinical implications of receptor conversion 
throughout tumor progression.

Patients and methods
This study retrospectively obtained the clinical 
data of 2450 patients with breast cancer treated at 
Tianjin Medical University Cancer Institute and 
Hospital to investigate the clinical implications of 
receptor conversion throughout tumor progres-
sion. The median follow-up time was 129 months 
(113–144 months). All patients provided written 
informed consent, and the study was approved by 
relevant institutional ethics committee (approved 
by the medical ethics committee of Tianjin 
Medical University Cancer Institute and Hospital 
on 8 April 2020; Approval number: bc2020032). 
The study was conducted in accordance with the 
provisions of the Declaration of Helsinki (2013) 
and local laws.

To be eligible for the study, female patients must 
be diagnosed with metastatic breast cancer and 
all patients must have biopsy confirming a pri-
mary tumor and metastasis. The exclusion crite-
ria were as follows: (1) patients with bilateral 
primary breast cancer; (2) de novo metastatic 
breast cancer (breast cancer patients with distant 
metastasis at the initial diagnosis); (3) patients 
without biopsy confirming a primary tumor or 
metastasis. In total, 2450 patients diagnosed with 
metastatic breast cancer treated at Tianjin 
Medical University Cancer Institute and Hospital 
were analyzed and 426 patients with available 
biopsy results from both primary and metastatic 
sites were included in this study (Figure A1 shows 
the flow chart of this cohort). The pathological 
biopsy of primary tumors and corresponding 
asynchronous metastatic lesions were reassessed 
by two independent pathologists.

The status of ER, PR and HER2 in primary 
tumor was dependent on pathology results in sur-
gery puncture biopsy results. Hormone receptors 
were assessed by immunohistochemistry (IHC). 
ER/PR status was classified as positive with a 
threshold of at least 10% of tumor cell nuclei 
staining positively, as recommended by the 
European guidelines.13 Hormone receptor status 
positive was defined as ER positive or PR posi-
tive. HER2 positive was defined as HER2 mem-
brane staining scored 3+ by IHC or gene 
amplification by fluorescent in situ hybridization 
(FISH). Lesions exhibiting 2+ staining by IHC 
without FISH results were not included in the 
analysis.

The McNemar’s test was performed to analyze 
the conversion of ER, PR, and HER2 status in pri-
mary and metastatic sites. A multivariate logistic 
regression model was used to investigate the cor-
relation between receptor conversion and clinico-
pathological variables. We performed survival 
analyses of ER and PR status in primary tumor 
and the earliest metastasis. The survival data 
included disease-free survival (DFS) (follow-up 
from the time from excision of primary tumor to 
the earliest time of metastasis), progression-free 
survival (PFS) (follow-up from the time of the ear-
liest metastasis diagnosis to progression or censor-
ing) and overall survival (OS) (follow-up from 
primary breast cancer diagnosis to death or cen-
soring). Patients with ER, PR, and HER2 conver-
sion in primary tumors and metastasis were 
divided into four groups: primary (+)-metastasis 
(+), primary (+)-metastasis (−), primary 
(−)-metastasis (+) and primary (−)-metastasis 
(−). According to ER and HER2 expression status 
between primary and metastatic sites, patients 
were divided into four groups as follows: group 1: 
ER (+)/HER2 (+/−) to ER (+)/HER2 (+/−), 
group 2: ER(+)/HER2 (+/−) to ER(−)/HER2 
(+/−), group 3: ER(−)/HER2 (−) to ER (+)/
HER2 (+/−) and group 4: ER(−)/HER2 (−) to 
ER(−)/HER2 (−). To further test whether chang-
ing treatment based on hormone receptor conver-
sion could improve prognosis of metastatic breast 
cancer, the patients were divided into different 
groups based on receptor conversion and first-line 
therapy: hormone receptor or ER gain, endocrine 
therapy (+); hormone receptor or ER gain, endo-
crine therapy (−); hormone receptor or ER loss, 
endocrine therapy (+); and hormone receptor or 
ER loss, endocrine therapy (−). To indirectly 
investigate whether changing therapy based on 
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HER2 conversion could improve prognosis, the 
patients were divided into four groups based on 
HER2 status in metastatic tumor and first-line 
anti-HER2 therapy: HER2 (−), anti-HER2 ther-
apy (−); HER2 (−), anti-HER2 therapy (+); 
HER2 (+), anti-HER2 therapy (−); and HER2 
(+), anti-HER2 therapy (+). Kaplan Meier anal-
ysis was used to calculate the cumulative survival 
rates of different groups of receptor conversion 
between primary tumor and metastasis. The log-
rank test was used to analyze the comparisons 
between curves. The multivariate Cox propor-
tional hazards regression model was performed  
to further test the survival differences after adjust-
ing for potential confounders on survival. A 
p-value < 0.05 (two-tailed) was considered to be 
statistically significant. SPSS 25.0 was used to 
perform statistical analyses. GraphPad Prism 8.0 
was applied for image production.

Results

Primary tumor characteristics
Primary tumor characteristics are shown in Table 
S1. All patients underwent radical resection of 
their primary tumor. More than 80% of patients 
were diagnosed with invasive duct carcinomas 
(85.7%). The expression of ER and PR was posi-
tive in 251 (58.4%) and 213 (50.0%) patients, 
respectively. In total, 90 (21.1%) patients were 
diagnosed with HER2-positive breast tumor.

Receptor conversion between primary tumor 
and the earliest metastasis
The status of ER, PR, and HER2 in primary 
tumor and at the earliest point of metastasis was 
evaluated in 426, 422, and 309 patients, respec-
tively (Table 1). The conversion rates of ER, PR, 
and HER2 were 21.1% (McNemar’s test 
p < 0.001), 33.2% (p < 0.001), and 11.6% 
(p = 0.868), respectively. The loss of ER and PR 
in metastasis was observed in 14.8% and 27.7% 
of patients, respectively, while the acquisition of 
ER and PR in metastasis was observed in 6.3% 
and 5.5% of patients, respectively. Loss of hor-
mone receptor in metastasis was more common 
than acquisition. HER2 status was altered in 
11.6% (36 of 309) of patients. With regards to 
molecular typing conversion, approximately 20% 
of breast cancer patients had different molecular 
subtypes between the primary and metastatic 
sites. A change in molecular type from ER (+)/
HER2 (+/−) to ER (−)/HER2 (+/−) was observed 

in about 15% of patients. In addition, nearly 4% 
of patients with ER (−)/HER2 (−)-primary 
tumors were found to have ER (+)/HER2 
(+/−)-metastasis.

Multiple consecutive metastases
The ER, PR, and HER-2 status of multiple (⩾2) 
consecutive metastases were assessed in 68, 68, 
and 51 patients, respectively (Table 1). In this 
study, we aimed to investigate the change in 
receptor status between the earliest and second 
metastases. The discordance rates of ER, PR, 
and HER-2 status between the earliest and sec-
ond metastases were 19.1%, 23.5%, and 9.8%, 
respectively. Only PR conversion (p = 0.021) 
between different metastatic sites was statistically 
significant. Furthermore, PR loss in the second 
metastasis was the dominative pattern. Overall, 
the highest receptor conversion rate was observed 
in the PR. In addition, dynamic receptor conver-
sion ran through the entire process of tumor 
progression.

Metastatic sites stratified by ER, PR, and HER2 
status
Metastatic sites were divided into local (ipsilateral 
mammary gland, chest wall, and regional lymph 
nodes), and distant subgroups (contralateral 
breast, chest wall, and lymph nodes, bone, brain, 
pleura, and viscera). Table 1 showed the sites of 
metastasis stratified by receptor status. Specific 
anatomical sites stratified by receptor status are 
shown in Supplementary Table S2. ER conver-
sion was significantly higher in the distant metas-
tasis than in the local metastasis (Fisher’s exact 
test p = 0.006). Furthermore, compared with local 
lymph node metastasis, the conversion of ER was 
higher in the distant lymph node metastasis 
(p = 0.033). No statistically significant difference 
was observed in PR or HER2 conversion between 
the local and distant subgroups.

Correlation between receptor conversion and 
clinicopathological variables
We performed multivariate logistic regression 
analysis (forward stepwise procedure) to investi-
gate possible independent influences on receptor 
conversion (Table S3). Analysis showed that 
postoperative adjuvant endocrine therapy (p = 0.002) 
was an independent factor of ER conversion. 
Patients treated with adjuvant endocrine therapy 
had a significantly increased risk of ER loss in 
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metastasis compared with patients who did not 
receive adjuvant endocrine therapy [odds ratio 
(OR): 5.967, 95% confidence interval (CI): 
2.861–12.445; p < 0.001]. With regards to PR 

conversion, the significant influence of adjuvant 
chemotherapy (p = 0.023) and endocrine therapy 
(p < 0.001) on PR loss in metastasis was noted. 
Since HER2 conversion between primary tumor 

Table 1.  ER, PR and HER2 conversion in primary and metastatic sites.

ER, PR, and HER2 status ER PR HER2

N % N % N %

Primary tumor and metastasis

Local and distant metastasis

  Primary positive/metastasis positive 186 43.7 95 22.5 57 18.5

  Primary positive/metastasis negative 63 14.8 117 27.7 17 5.5

  Primary negative/metastasis positive 27 6.3 23 5.5 19 6.1

  Primary negative/metastasis negative 150 35.2 187 44.3 216 69.9

  Total 426 100.0 422 100.0 309 100.0

Local metastasis

  Primary positive/metastasis positive 86 43.4 37 18.9 26 17.0

  Primary positive/metastasis negative 19 9.6 54 27.6 7 4.6

  Primary negative/metastasis positive 11 5.6 13 6.6 6 3.9

  Primary negative/metastasis negative 82 41.4 92 46.9 114 74.5

  Total 198 100.0 196 100.0 153 100.0

Distant metastasis

  Primary positive/metastasis positive 100 43.9 58 25.7 31 19.9

  Primary positive/metastasis negative 44 19.3 63 27.9 10 6.4

  Primary negative/metastasis positive 16 7.0 10 4.4 13 8.3

  Primary negative/metastasis negative 68 29.8 95 42.0 102 65.4

  Total 228 100.0 226 100.0 156 100.0

Multiple metastasis*

Both local and distant metastasis

  Metastasis positive/metastasis positive 32 47.1 11 16.2 8 15.7

  Metastasis positive/metastasis negative 7 10.3 13 19.1 2 3.9

  Metastasis negative/metastasis positive 6 8.8 3 4.4 3 5.9

  Metastasis negative/metastasis negative 23 33.8 41 60.3 38 74.5

  Total 68 100.0 68 100.0 51 100.0

*The earliest metastasis and the second metastasis.
ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; PR, progesterone receptor.
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and metastasis was an event with low probabili-
ties (p > 0.05), we did not perform further analy-
sis on HER2 conversion.

Survival stratified by receptor status in  
primary tumor and metastasis
By the end of the last follow-up, all patients had a 
metastatic disease and 80.5% (343/426) of them 
had a progressive disease after the diagnosis of the 
earliest metastasis. Follow-up of OS was available 
for 266 (62.4%) women, for whom primary 
tumor and metastasis could be compared. In 
total, 129 deaths were recorded at the point of the 
last follow-up. The median follow-up time was 
129 months.

The median DFS was 36 (95% CI: 31–40) 
months. Univariate survival analysis (Figure 1) 
showed significantly differential DFS related to 
ER and PR conversion between primary tumor 
and metastasis (p < 0.05). In a pairwise compari-
son, the DFS was worse in ER/PR loss groups 
than in stable ER/PR-positive groups (p < 0.05). 
Compared with patients who were persistently 
hormone receptor-negative, patients who gained 
hormone receptor status in metastasis had a  
longer DFS (p < 0.001). Furthermore, DFS was 
better in the hormone receptor loss group than 
that in stable hormone receptor-negative group 
(p < 0.001). In the multivariate survival analysis 
(Table 2), ER conversion was an independent 
influence factor of DFS (p < 0.05) after adjusting 
for age of primary tumor diagnosis (continuous), 
primary tumor PR status, tumor size, lymph node 
metastasis, and adjuvant therapies (radiotherapy, 
endocrine, chemotherapy, and anti-HER2 

therapy). Compared with patients with positive 
ER status in both primary and metastatic sites, 
patients with ER status that changed from posi-
tive to negative had a 49% increased risk of 
metastasis after operation [hazard ratio (HR): 
1.498; 95% CI: 1.107–2.027; p = 0.009]. Patients 
with ER conversion from negative to positive had 
an 80% decreased risk of metastasis compared 
with patients with stable ER-negative disease 
(HR: 0.200; 95% CI: 0.128–0.312; p < 0.001). 
No statistically significant difference was observed 
in DFS between the hormone receptor acquisi-
tion and persistent hormone receptor-positive 
groups in either univariate or multivariate survival 
analyses (p > 0.05).

By the last follow-up, 266 patients were analyzed 
for OS and 129 (48.5%) deaths were observed. 
Univariate survival analysis is presented in Figure 2. 
The OS was longer in the stable hormone recep-
tor-positive group than in the hormone receptor 
loss group (p < 0.05). Patients with hormone 
receptor status that changed from negative to 
positive had longer OS compared with patients 
with persistently hormone receptor-negative 
(p < 0.05) status. Furthermore, patients with 
hormone receptor loss had longer OS than 
patients with stable hormone receptor-negativity 
(p < 0.05). In the multivariate survival analysis 
(Table 3), patients with ER status that changed 
from positive to negative had a significantly 
increased risk of death compared with patients 
with stable ER-positive status (HR: 2.140;  
95% CI: 1.236–3.708; p = 0.007). Compared 
with patients with persistent ER-negative status, 
patients with ER conversion from negative to pos-
itive had a significantly 64% decreased risk of 

Figure 1.  Disease-free survival stratified by hormone receptor status in primary tumor and metastasis.
(a) Estrogen receptor status in primary and metastatic sites. (b) Progesterone receptor status in primary and metastatic sites.
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death (HR: 0.366; 95% CI: 0.151–0.888; 
p = 0.026). Figure 2(c) showed the OS stratified 
by molecular typing conversion. A statistically 
significant differential OS stratified by molecular 
typing conversion was noted (p < 0.05). The OS 
was worse in group 2 than that in group 1 
(p = 0.004). Compared with group 4, the OS of 
group 3 was longer (p = 0.04). In the multivariate 
survival analysis (Table 3), patients in group 2 
had a significantly increased risk of death com-
pared with group 1 (HR: 2.199; 95% CI: 1.343–
3.965; p = 0.005). Patients in group 3 had a 
significantly decreased risk of death compared 
with group 4 (HR: 0.262; 95% CI: 0.103–0.668; 
p = 0.005). Furthermore, the risk of death of 
group 3 was similar to that of group 1 (HR = 1.436; 
95% CI = 0.603 to 3.422; p = 0.414). Overall, 
molecular typing conversion from ER (+)/HER2 
(+/−) to ER (−)/HER2 (+/−) was related to neg-
ative outcomes. Moreover, the conversion of 
molecular typing from ER (−)/HER2 (−) to ER 
(+)/HER2 (+/−) was associated with positive 
long-term survival.

Survival stratified by receptor conversion and 
therapy management
To further test whether changing treatment based 
on receptor conversion could improve prognosis 
of metastatic breast cancer, the patients were 
divided into different groups based on receptor 
conversion and first-line therapy. As shown in 
Figure 3(a), a statistically significantly differential 

PFS (follow-up from the time of the earliest 
metastasis diagnosis to progression or censoring) 
was noted (p = 0.006). The PFS was longer in the 
hormone receptor gain, endocrine therapy (+) 
group than in the hormone receptor gain, endo-
crine therapy (−) group. However, a significantly 
better PFS was observed in the hormone receptor 
loss, endocrine therapy (+) group compared with 
hormone receptor loss, endocrine therapy (−) 
group (Figure 3(b), p = 0.023). Considering that 
patients in the hormone receptor loss, endocrine 
(+) group might only have PR conversion 
between primary and metastatic sites (the ER was 
stable positive between primary tumor and metas-
tasis), they might benefit from endocrine therapy. 
Therefore, we performed further survival analysis 
based on ER conversion and endocrine therapy. 
Univariate survival analysis showed that patients 
who gained ER status following metastasis and 
received endocrine therapy had a better PFS than 
patients who gained ER status in metastasis and 
did not received endocrine therapy (Figure 3(c), 
p = 0.036). However, no significant difference in 
PFS was observed between the ER loss, endo-
crine therapy (+) and ER loss, endocrine therapy 
(−) groups (Figure 3(d), p > 0.05). In other 
words, patients who lost ER in metastasis could 
not benefit from continued endocrine therapy. In 
the multivariate survival analysis, introducing 
endocrine therapy for patients with hormone 
receptor/ER status that changed from negative to 
positive, this was an independent influence factor 
of PFS (Table 4). The study cohort included 309 

Table 2.  Disease-free survival analysis stratified by ER status in primary and metastatic sites (multivariable model).

DFS No. of patients No. of diseases Adjusted HR* 95% CI p-value

ER status

Primary positive/metastasis positive 185 185 1.000 (reference)  

Primary positive/metastasis negative 62 62 1.498 (1.107–2.027) 0.009

Primary negative/metastasis positive 26 26 0.699 (0.458–1.067) 0.097

Primary negative/metastasis negative 150 150 3.396 (2.671–4.318) p < 0.001

Primary positive/metastasis positive 185 185 0.295 (0.232–0.375) p < 0.001

Primary positive/metastasis negative 62 62 0.409 (.0298–0.562) p < 0.001

Primary negative/metastasis positive 26 26 0.200 (0.128–0.312) p < 0.001

Primary negative/metastasis negative 150 150 1.000 (reference)  

*After adjustment for age of primary tumor diagnosis (continuous), PR status in primary tumor, tumor size, lymph node metastasis and adjuvant 
therapy (radiotherapy, endocrine, chemotherapy, and anti-HER2 therapy).
CI, confidential interval; DFS, disease-free survival; ER, estrogen receptor; HR, hazard ratio.
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patients who had confirmed HER2 status in both 
their primary tumor and metastasis. A total of 36 
(11.6%) of the 309 patients had discordant HER2 
status in their primary tumor and metastasis. 17 
patients with HER2-positive primary tumors had 
HER2-negative metastatic tumors and among 
these patients, only six patients received trastu-
zumab. In addition, 19 patients with HER2-
negative primary tumors had HER2-positive 
metastatic tumors, and 10 patients received tras-
tuzumab. The samples of HER2 conversion were 
too small to perform survival analysis on PFS 
stratified by HER2 conversion and therapy man-
agement. Thus, we performed survival analysis 
stratified by HER2 status in the metastatic tumors 
and therapy management to indirectly investigate 
whether patients with the HER2 conversion could 
benefit from the appropriate use of targeted  
therapy. The results showed that patients with 
HER2-positive metastatic tumors who received 

trastuzumab had longer PFS compared with 
patients with HER2-positive metastatic tumors 
who did not receive trastuzumab (Figure A2, 
p < 0.001). As only seven patients with HER2-
negative metastatic tumors received trastuzumab, 
this group was too small to analyze. In the multi-
variate survival analysis (Table S4), patients with 
HER2-positive metastatic tumors who did not 
receive trastuzumab had a significantly increased 
risk of progression compared with patients with 
HER2-positive metastatic tumors who received 
trastuzumab (HR: 1.821, 95% CI: 1.181–2.807, 
p = 0.007). Collectively, patients with receptor 
conversion would benefit from a change in 
therapy.

Discussion
Our study indicated that ER, PR, and HER2 sta-
tus are unstable throughout tumor progression. 

Figure 2.  Overall survival analysis for hormone receptor and molecular typing conversion. (a) ER status in primary and metastatic 
sites. (b) PR status in primary and metastatic sites. (c) Molecular typing in primary and metastatic sites.
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Table 3.  Overall survival analysis stratified by estrogen receptor status/molecular typing in primary and metastatic sites 
(multivariable model).

OS (time since the primary tumor prognosis) No. of patients No. of deaths Adjusted HR* 95% CI p-value

ER status

  Primary positive/metastasis positive 134 47 1.000 (reference)  

  Primary positive/metastasis negative 35 18 2.245 (1.292–3.899) 0.004

  Primary negative/metastasis positive 16 7 0.905 (0.403–2.032) 0.808

  Primary negative/metastasis negative 78 54 4.640 (3.081–6.989) p < 0.001

  Primary positive/metastasis positive 134 47 0.284 (0.150–0.540) p < 0.001

  Primary positive/metastasis negative 35 18 0.379 (.0188–0.764) 0.007

  Primary negative/metastasis positive 16 7 0.366 (0.151–0.888) 0.026

  Primary negative/metastasis negative 78 54 1.000 (reference)  

OS (time since the primary tumor prognosis) No. of patients No. of death Adjusted HR† 95% CI p-value

Molecular typing conversion

  ER (+)/HER2 (+/−) to ER (+)/HER2 (+/−) 136 49 1.000 (reference)  

  ER (+)/HER2 (+/−) to ER (−)/HER2 (+/−) 35 18 2.199 (1.343–3.965) 0.005

  ER (−)/HER2 (−) to ER (+)/HER2 (+/−) 10 6 1.436 (0.603–3.422) 0.414

  ER (−)/HER2 (−) to ER (−)/HER2 (−) 29 23 5.475 (3.277–9.146) p < 0.001

  ER (+)/HER2 (+/−) to ER (+)/HER2 (+/−) 136 49 0.183 (0.109–0.305) p < 0.001

  ER (+)/HER2 (+/−) to ER (−)/HER2 (+/−) 35 18 0.402 (0.213–0.756) 0.007

  ER (−)/HER2 (−) to ER (+)/HER2 (+/−) 10 6 0.262 (0.103 to 0.668) 0.005

  ER (−)/HER2 (−) to ER (−)/HER2 (−) 29 23 1.000 (reference)  

*After adjustment for age of primary tumor diagnosis (continuous), age of first metastasis diagnosis (continuous), PR status in primary and 
metastatic sites, site of metastasis (local and distant metastasis), tumor size, lymph node metastasis, adjuvant therapy (radiotherapy, endocrine, 
chemotherapy, and anti-HER2 therapy), and first-line therapy (endocrine, chemotherapy, and anti-HER2 therapy).
†After adjustment for age of primary tumor diagnosis (continuous), age of first metastasis diagnosis (continuous), site of metastasis (local and 
distant metastasis), tumor size, lymph node metastasis, adjuvant therapy (radiotherapy, endocrine, chemotherapy, and anti-HER2 therapy), and 
first-line therapy (endocrine, chemotherapy, and anti-HER2 therapy).
CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; OS, overall survival.

More than 30% of patients with breast cancer 
present with hormone receptor conversion 
between primary tumor and metastasis. Patients 
with breast cancer are less likely to have HER2 
conversion during tumor progression. Moreover, 
to the best of the authors’ knowledge, this study is 
the first to confirm that changing treatment based 
on receptor conversion could improve prognosis.

Receptor conversion during tumor progression 
was observed in a considerable proportion of 
patients with breast cancer. PR had the highest 
conversion rates, followed by ER and HER2. 
Hormone receptor loss in metastasis was the 

dominative pattern, whereas the proportion of 
HER2 acquisition was slightly higher than that of 
receptor loss. Because insignificant discordant 
HER2 expression status between primary tumor 
and metastasis was noted (p > 0.05), we did not 
perform further analysis of HER2 conversion. 
Compared with local metastasis, ER conversion 
was more common in distant metastasis. In terms 
of the association between clinicopathological 
variables and receptor conversion, the analyses 
indicated that hormone receptor conversion is 
related to previous adjuvant endocrine therapy. 
More than 40% of patients receiving adjuvant 
endocrine therapy lost PR in metastasis and 20% 
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of patients treated with adjuvant endocrine ther-
apy experienced ER loss in metastasis. These sta-
tistical results were similar to that of previous 
reports.4,11,14,15 Nevertheless, adjuvant chemo-
therapy was also found to be positively associated 
with PR loss in relapse.

Importantly, receptor conversion has an effect on 
survival. In survival curves stratified by hormone 
receptor status in primary tumor and corre-
sponding metastasis, significant differences in 
unadjusted DFS and OS were observed. Patients 
with hormone receptor conversion from positive 
to negative had a worse survival (DFS/OS) 

compared to patients with persistent hormone 
receptor-positive disease. Patients with hormone 
receptor that changed from negative to positive 
had longer survival than patients with stable hor-
mone receptor-negative disease. Furthermore, 
the survival of patients with hormone receptor 
gain was similar to patients with stable hormone 
receptor-positive disease. In multivariable mod-
els, ER conversion from positive to negative was 
associated with worse survival, and ER acquisi-
tion in metastasis was associated with better out-
comes. We also observed that molecular typing 
conversion caused by receptor conversion affects 
the outcomes of different molecular subtypes of 

Figure 3.  Progression-free survival stratified by hormone receptor conversion and first-line endocrine therapy.
(a), (b) First-line endocrine therapy based on hormone receptor conversion. (c), (d) First-line endocrine therapy based on ER conversion.
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primary breast cancer. To summarize, breast can-
cer outcomes were affected by both receptor sta-
tus/molecular typing in primary tumor and 
receptor conversion. In patients with accessible 
metastasis, biopsy confirmation of receptor status 
is necessary for determining prognosis.

During breast cancer progression, a considerable 
proportion of patients lose or gain ER, PR, and 
HER2 expression. Patients with hormone receptor/
HER2 status that changes from negative to positive 
might benefit from first-line endocrine/anti-HER2 
therapy. However, loss of hormone receptor/HER2 
status might confer resistance to endocrine/anti-
HER2 therapy. Little information is yet available to 
determine whether therapy management based on 
receptor conversion has an effect on survival. Our 
findings indicated that changing the endocrine 
therapy regime based on ER conversion, as an 
independent influence factor, can prolong PFS. 
Patients who gained hormone receptor status fol-
lowing metastasis were found to benefit from endo-
crine therapy. Furthermore, patients with an ER 
status changed from positive to negative no longer 
benefited from continued endocrine therapy. For 
such patients, to avoid drug-related side effects, 
continued endocrine therapy should not be recom-
mended. Because patients with breast cancer were 
less likely to experience HER2 conversion during 
tumor progression, we chose to indirectly investi-
gate whether patients with HER2 conversion could 
benefit from a change in therapy. The results 
revealed that patients with HER2-positive meta-
static tumors who received trastuzumab had 
improved prognosis when compared with patients 
with HER2-positive metastatic tumors who did not 

receive trastuzumab, similar to a previous study.16 
Therefore, it is important to assess HER2 status in 
metastatic sites. In summary, patients with recep-
tor conversion would benefit from a change in 
therapy.

Our study is limited by its retrospective nature 
and higher lost follow-up rate. Owing to the 
higher rate of loss to follow-up, some cases of 
receptor conversion could not be used for overall 
survival analysis. The prognostic values of recep-
tor conversion and alterations in treatment are 
best assessed in prospective trials.

Several explanations might account for receptor 
conversion. Previous studies have shown that pri-
mary tumors have different metastatic capacities, 
as a result of tumor heterogeneity; therefore, 
metastasis might result from preexisting variant 
cells within the primary tumor. An early tumor 
stem line clone evolves independently in the pri-
mary tumor and corresponding metastases, and 
leads to multiple, genetically almost completely 
different clones in the various tumor locations in 
individuals.17–20 Heterogeneity and clonal selec-
tion/evolution might be the main contributors to 
receptor status change during the course of can-
cer progression and treatment. In addition, previ-
ous adjuvant therapy may affect markers 
conversion.21–23 It is possible that a part of the 
receptor conversion may be the result of material 
selection and detection.24–26

Our study is clinically important, despite its retro-
spective nature. In this study, we demonstrated 
that receptor conversion is not only observed in 

Table 4.  PFS analysis stratified by hormone receptor conversion and first-line therapy (multivariable model).

PFS (time since the earliest metastasis diagnosis) No. of patients No. of progressions Adjusted HR† 95% CI p-value

Hormone receptor gain and first-line endocrine therapy

  Hormone receptor gain, endocrine therapy (−) 17 15 1.000 (reference)  

  Hormone receptor gain, endocrine therapy (+) 24 20 0.382 (0.185–0.790) 0.009

PFS (time since the earliest metastasis diagnosis) No. of patients No. of progressions Adjusted HR† 95% CI p-value

ER gain and first-line endocrine therapy

  ER gain, endocrine therapy (−) 10 7 1.000 (reference)  

  ER gain, endocrine therapy (+) 17 12 0.333 (0.114–0.978) 0.04

†After adjustment for age of first metastasis diagnosis (continuous), HER2 status in metastatic site, site of metastasis (local and distant metastasis), 
and first-line therapy (chemotherapy and anti-HER2 therapy).
CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; PFS, progression-free survival.
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primary tumor and metastasis, but also in multi-
ple consecutive metastases. This dynamic recep-
tor conversion was influenced by adjuvant therapy 
and had statistically significant prognostic impli-
cations. In addition, we found that the molecular 
typing conversion induced by receptor conversion 
had an effect on the outcomes of different molec-
ular subtypes of primary breast cancer. Most 
importantly, our findings indicated that patients 
with receptor conversion would benefit from a 
change in therapy, a novel finding. Given that in 
a considerable proportion of patients, receptor 
status is instable throughout tumor progression 
and this dynamic conversion is associated with 
prognosis, biopsies should be taken for all of new 
diagnosed primary, recurrent, and metastatic 
breast cancers whenever possible to optimize clin-
ical management.
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