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Abstract

Background: Modern treatment of breast cancer depends mainly on the expression of biomarkers such
as estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2
(HER2). However, a change of receptors was not uncommon during the disease progression. Here we
aim to evaluate the impact on clinical outcome from the conversion of receptors in primary tumor and
recurrent or metastatic lesions.

Materials and methods: We retrospectively reviewed a cohort of patients who received breast cancer
treatment in our hospital during 2012 to 2019. The study populations were stratified according to
consistency or discordance of tumor phenotypes. The clinical outcomes were compared between the two
groups in post-recurrence survival and overall survival.

Results: A total of 100 patients were confirmed with recurrence or metastasis with available specimen
from recurrent lesion. The rates of discordance were 18%, 16%, 10% for ER, PR, and HER2, respectively.
Thirty-eight percent patients had subtyping changed, whereas the other 62% patients presented the
same subtype during progression. A better PRS was found in concordantly PR positive group compared
with those with PR loss in recurrent tumors (not reached vs. 27 months, p=0.0465). Moreover, the low-
HER2 group presented a worse survival outcome (PRS 27 months vs. 40 months, p=0.40) compared to
whose HER2 status changed from negative to positive, although without significant difference.

Conclusion: Discordant receptors between primary and recurrent tumors exist in some patients with
recurrence or metastasis. The recurrent lesions should be biopsied whenever feasible to tailor the
appropriate therapy.

Keywords: Breast neoplasm, erbB-2, Hormone Receptors, Discordance, Survival

Abbreviations: Er: Estrogen Receptor; PR: Progesterone Receptor; HER2: Human Epidermal Growth
Factor Receptor 2; TNBC: Triple Negative Breast Cancer; OS: Overall Survival; PRS: Post-Recurrence
Survival; IHC: Immunohistochemistry; ISH: In situ Hybridization; ASCO: American Society of Clinical
Oncology; CAP: College of American Pathologists; NCCN: National Comprehensive Cancer Network; EDTA:
Ethylenediaminetetraacetic Acid; DNA: Deoxyribonucleic Acid; Cl: Confidence Interval; SIRT1: Sirtuin Type 1

Introduction

Breast cancer leads the highest incidence of cancers in women worldwide. The modern treatment
of breast cancer is diverse in different subtypes allocated mainly by expression of biomarkers such as
estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor
2 (HER2). These important receptors are applied clinically in prediction of outcome and as the
guidance of treatment decision. Despite the advance of therapeutic modality, at least one-half of early
breast cancers encounter recurrence which continues to occur even long after primary diagnosis [1,2].
Once recurrence, the strategy of treatment may follow the previous allocation from primary tumor
or change to a different way due to the potential of receptor discordance between primary tumor and
recurrent/metastatic lesions.

Receptor discordance or conversion refers to the change of ER, PR, and HER2 expression. The
discordance results in challenge in clinical decision making, assessment of prognosis and overall
patient management. Previous literature had addressed the viewpoint on the discordance of ER, PR,
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and HER2 between primary and metastatic tumors. From a meta-
analysis, the discordance rate was observed in 19.3% for ER, 30.9%
for PR, and 10.3% for HER2 [3]. Another meta-analysis study also
reported the similar percentage of discordance, 14%, 21%, and
10% in ER, PR and HER2 expression, respectively [4]. Receptor
discordance can alter the therapeutic landscape dramatically. For
example, a primary ER-positive tumor lacking ER expression in
recurrent lesions may no longer respond to endocrine therapy
and need a shift to chemotherapy or other treatment modalities.
Conversely, the acquisition of HER2 positivity in a recurrent tumor
might open new avenues for targeted HER2 therapies, which were
not previously indicated.

This discordance somehow manifests as a loss or gain of receptor
expression, representing the variable behavior of tumor or resistance
to previous therapies. Therefore, such aggressive tumors may
indicate a poor prognosis or reduced survival outcome. In earlier
analysis, loss of the receptor expression had been considered as the
main determinant of poor outcome. The loss of HR and the loss
of HER2 resulted in a worse post-recurrence and overall survival,
compared with the corresponding concordant-positive cases [5]. On
the other hand, Walter ez al. proposed that gain in HER2 positivity
was associated with an improved overall survival [6]. The authors also
found the same conclusion whereas loss of HR positivity presented
with an inferior overall survival. Meanwhile, a large scale study in
French disclosed that loss of HR status was significantly associated
with a risk of death while gain of HR and HER2 discordance was not
[7]. The potential of receptors conversion has generated a consensus
to re-biopsy recurrent tumors if tissue available. But the viewpoint
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of impact on survival outcomes remains in debate. Here we aim to
review the discordant rate between primary and recurrent tumors
in our series and interpret the impact of receptor discordance on
survival outcome of breast cancer patients.

Subjects and Methods
Study population

Under the approval of the Institutional Review Board of Taipei
Veterans General Hospital (IRB number # 2025-02-001BC),
patients with breast cancer were diagnosed and their records were
retrospectively reviewed. The patients were sourced from two
databases. Initially, breast cancer patients who were diagnosed
between 2013 and 2018 were retrieved from a prospectively collected
database with the criteria including stage 0 to III with evidence
of recurrence. Cases with other malignancy, absence of primary
pathology report, or incomplete data were excluded. Furthermore,
breast cancer patients registered in the Big Data Center of Taipei
Veterans General Hospital from 2012 to 2022 (IRB number #
2024-04-014AC) were also screened with the same criteria (Figure
1). Patients diagnosed until 2019 were selected for complete five-
year follow up period. Subsequently, duplicates were removed after
comparison between the two cohorts. Among patients with evidence
of recurrence or metastasis, patients who had available biopsy results
with complete ER, PR, and HER2 status were enrolled into this
study. The primary objective is to observe the discordant rate of
receptors and subtypes, whereas the secondary endpoint is the impact
of loss or gain of receptors on post-recurrence or overall survival.
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Figure 1. The flow chart showing enrollment of study patients.
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Pathology assessment

The interpretation was performed by the experienced pathologist
(HCY) in our institute following the standard protocols mentioned
in our previous publications. Immunohistochemistry (IHC) stains
for ER (clone 6F11; Leica Biosystems, Newcastle, UK; 1:100), PR
(clone 16; Leica Biosystems, Newcastle, UK; 1:150) with >1% of
tumor cells exhibiting nuclear staining are regarded as positive for
ER and PR. HER2 (A0485; Dako, Glostrup, Den- mark; 1:900)
IHC positivity, score 3+, is defined by complete intense membrane
staining in >10% of tumor cells. Reflex ISH testing by fluorescence
ISH (PathVysion HER2 DNA Probe Kit; Abbott Laboratories, Des
Plaines, IL, USA) is performed for cases with equivocal HER2 THC
results (score 2+). Patients with average HER2 copy numbers of =6
signals/cell or a HER2 ISH ratio (HER?2 gene signals to chromosome
17 centromere signals) of =2 are regarded as ISH-positive according

to the ASCO/CAP guidelines [8].
Definition of receptor discordance

Discordance of receptors refers to a change in the positivity of
receptors, between the primary tumor and associated recurrent or
metastatic lesions. Subtype discordance refers to changes in subtypes
which are classified according to criteria listed in Appendix 1. If a
patient has more than two metastases, the first biopsy site of the
metastases is selected.

Outcome and statistical analysis

The discordance rate of receptor and subtype between primary
and recurrent/metastatic site was analyzed by McNemar test. Overall
survival (OS) was calculated from the time of initial breast cancer
diagnosis to the date of death or last consultation. Post-recurrence
survival (PRS) was defined as the time between the date of recurrence
confirmed by imaging study or by pathological confirmation and
the date of death or last consultation. The Kaplan—-Meier method
was used to estimate the cumulative incidence of OS and PRS and
Log-rank (Mantel-Cox) test were used for comparisons. Statistical
software is MedCalc® Statistical Software version 20.111.

Results
Demographics and clinical features

A total of 183 patients with evidence of recurrence were
identified from the first prospectively collected cohort. On the other
hand, there were 83 patients retrieved from a series of 7,442 breast
cancer patients registered in the Big Data Center after removal of
duplicates in the two cohorts. Among these 221 patients who had
initial stage 0 to IIT and evidence of recurrence or metastasis, a total
0f 100 patients with available biopsy from the recurrent tumors were
analyzed in this study. The demographic and clinical characteristics
of these patients were shown in Table 1. The most common site
for re-biopsy was locoregional lesions (52%), which includes the
ipsilateral breast, axilla, chest wall, skin, and regional lymph nodes.
For distant metastases, liver biopsies were the most frequent (13%),
followed by lung biopsies (9%). The least common biopsy sites were

bone (5%) and brain (5%).
Receptor concordance

The proportions of discordance for ER, PR, and HER2 were
18%, 16%, and 10%, respectively. Among these, ER and PR
discordance were predominantly characterized by receptor loss,

Table 1. Demographic data of patients.

N (%)
Laterality
Right 43 (43%)
Left 56 (56%)
Bilateral 1(1%)
Stage
0 3(3%)
| 24 (24%)
Il 40 (40%)
Il 33 (33%)
Primary tumor subtype
Luminal A 24 (24%)
Luminal B1 14 (14%)
Luminal B2 14 (14%)
HER2-enrich 24 (24%)
TNBC 24 (24%)
Receptor discordance
ER 18 (18%)
ER gain 4 (4%)
ER loss 14 (14%)
PR 16 (16%)
PR gain 2(2%)

PR loss 14 (14%)
HER2 10 (10%)
HER2 gain 4 (4%)
HER2 loss 6 (6%)
Discordance in any of the receptors 36 (36%)
Totally concordance 64 (64%)
Subtype discordance 38 (38%)

Biopsy sites

Locoregional (chest wall, ipsilateral breast) 52 (52%)

Contralateral breast 5 (5%)

Lung 9 (9%)

Liver 13 (13%)

Bone 5 (5%)

Brain 5 (5%)

Others 11 (11%)

Median overall survival 65.0 months (95% CI
49.0-84.0)

Median post-recurrence survival 33.0 months (95% Cl
27.0-60.0)

Time to recurrence/metastasis 24.5 months

ER: Estrogen Receptor; PR: Progesterone Receptor; HER2: Human
Epidermal Receptor
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whereas HER2 did not show much difference between gain and loss.
There were 25.9% (14/54) ER-positive tumors lost the expression
of ER in recurrent tumors, whereas 36.8% (14/38) PR-positive
tumors had loss of PR. The discordance between the primary and
recurrent/metastatic sites were significantly prominent in ER and
PR status (p=0.03 and p<0.005, respectively), as shown in Table 2.
In patients with discordance of hormone receptors, 82.4% (28/34)
presented ER or PR loss. However, the HER2 status did not show
the significant difference in discordance.

Table 2. Comparison of receptors between primary and recurrent tumors.

Change of subtypes

Subtype discordance was observed in 38% of the patients.
Figure 2 presented a Sankey diagram illustrating the flow of
phenotype from primary to recurrent tumors. The most common
subtype discordance changed from luminal A to luminal B1. The
second most common change was from luminal B2 to HER2.
Patients whose primary subtype was HER2 (83.3%) or TNBC
(79.2%) mostly maintained their original subtype upon recurrence

Recurrent/metastatic ER-

Recurrent/metastatic ER+

Primary ER- 42 4
Primary ER+ 14 40
p=0.03
Recurrent/metastatic PR- Recurrent/metastatic PR+
Primary PR- 60 2
Primary PR+ 14 24
p=0.00
Recurrent/metastatic HER2- Recurrent/metastatic HER2+
Primary HER2- 59 4
Primary HER2+ 6 31
p=0.07

ER: Estrogen Receptor; PR: Progesterone Receptor; HER2: Human Epidermal Receptor 2; -: Negative; +: Positive; * McNemar test
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Figure 2. The Sankey diagram depicting changes in subtypes.
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or metastasis, with a lower proportion of discordance. The luminal
B2 subtype exhibited the greatest variation in subtype discordance
(9/14, 64.3%).

The impact on survival outcome

The median overall survival for these 100 patients was 65
months (95% CI 49.0-84.0). The median post-recurrence survival
was 33 months (95% CI 27.0-60.0). The patients were categorized
into the concordance or discordance group based on change of
receptors. The OS and PRS between the two groups were shown in
Table 3. The two groups across the ER, PR, or HER2 status revealed
no significant difference in OS and PRS.

To minimize the impact on survival from expression of HR
or HER2 per se, we further divided the concordance group into
concordantly positive and concordantly negative groups. The OS
and PRS among each group were illustrated in Figure 3. The ER
or PR concordantly positive groups both showed a better survival
compared with the discordance group or concordantly negative
group, although without significance statistically. Furthermore,
we compared the survival outcomes of patients with concordantly
positive HR versus patients who had HR loss (Figure 4). Although
no statistically significant difference was found in OS and PRS for
ER, a better PRS was found in concordantly PR positive group
compared with those with PR loss during progression (not reached

vs. 27 months, p=0.0465).
HER?2 gain in IHC scores

Moreover, we performed a subgroup analysis for the change
of HER2 THC scores. Some patients (9/13, 69.23%) were found
to have different IHC scores of HER2 during progression but this
may not shift the HER2 from negative to positive. Patients had
recurrent tumors with gain of HER2 THC scores were allocated in
two groups. The first group consisted of those with increased IHC
scores, such as 0 to 1+, 0 to 2+/ISH-, 1+ to 2+/ISH-, which were

still regarded as HER2 negative. Those with HER2 THC scores 1+ or
2+/ISH- were so-called low-HER2 tumors. Another group included
the tumors with increased IHC scores which converted the HER2
status from negative to positive, also termed the HER2 discordantly
positive group. As illustrated in Supplement 2, although there was
no statistically significant difference in PRS between the two groups,
the low-HER2 group presented a worse survival outcome (PRS 27
months vs. 40 months, p=0.40) compared to the HER2 discordantly
positive group.

Discussion

The discordance rates of receptors in our series were 18% for
ER, 16% for PR, and 10% for HER?2, respectively. The incidence
of receptor conversion varied largely between literature and our
finding is similar to that observed in meta-analysis or review research
[3,4,9,10]. Therefore, receptors discordance is potential when the
relapse happens, and it reminds the clinicians to re-biopsy whenever
tumor sample is available.

Most conversion presents as a positive to a negative receptor that
may limit the application of previous hormone therapy or target
therapy. In a previous literature addressed by the ASCO panelists,
they reviewed several meta-analyses and found that pooled estimates
for the absolute frequency of changes from positive to negative
ranged from 5.7% to 9.5% for ER status and 17% to 24% for PR
status. Pooled estimates for the absolute frequency of change from
negative to positive ranged from 3% to 8.8% for ER status and from
6.9% to 7.3% for PR status [11]. In our series, we also demonstrated
the similar finding that most discordance cases, 77.7% (14/18) for
ER and 87.5% (14/16) for PR, experienced loss rather than gain
of receptor expression. However, when the allocation of subtypes
relies on expression of receptors, either gain or loss has impacts
on treatment strategies. Our study revealed that 38% of patients
presented subtypes discordance and the majority comes from loss of
hormone receptors.

Table 3. The overall survival months and post-recurrence survival months of the receptor discordance between primary and recurrent/metastatic

tumors.

ER concordance ER discordance Log-rank test
0OsS 74 58 p=0.44
PRS 34 27 p=0.37

PR concordance PR discordance
0S 63 79 p=0.92
PRS 33 31 p=0.77

HER2 concordance HER2 discordance
0S 63 81 p=0.45
PRS 32 56 p=0.53

Subtype concordance Subtype discordance
[oN) 63 68 p=0.86
PRS 32 34 p=0.90

Concordance in all receptors Discordance in any of receptors
(o) 63 68 p=0.81
PRS 33 32 p=0.74

OS: Overall Survival (months); PRS: Post-Recurrence Survival (months); ER

Receptor 2

Estrogen Receptor; PR: Progesterone Receptor; HER2: Human Epidermal
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Most guidelines encouraged to obtain the recurrence or
metastasis lesions to confirm their subtypes and determine the
strategy of treatment [11-13]. However, it is not always easy to
obtain tissue everywhere. According to our study, the easiest tissues
to obtain are ipsilateral breast and chest wall, followed by liver and
lung metastasis, and very few may have brain or bone tissue. Among
them, if the acquisition of bone lesions is possible, the issue of IHC
staining needs to be deliberate because of the mineral content of
bone surface which is not easy for staining and usually requires a
decalcification process. However, the decalcification process leads to a
certain degree of damage on the cell which also destroys the receptors
on the cell membrane surface [14]. Therefore, it deserves careful
interpretation on the expression of receptors for bone lesions even
the tissue is feasible to be harvested. Recently, some experts proposed
a new strategy for decalcification by EDTA which is demonstrated
as a reliable approach to assess receptor status [15,16]. In our study,
there were originally 221 cases of recurrence and metastasis, but only
103 cases were able to obtain tissue. For patients whose tissue cannot
be obtained, the original tumor tissue can only be used to determine
the direction of treatment. If the actual receptor is inconsistent or the
subtype has changed, the choice of anti-cancer regimens will be quite
different or even opposite. Therefore, when the therapeutic effect is
not as good as expected, receptor discordance should be taken into
consideration as the reason of treatment failure.

The heterogeneity of tumor is another concern for receptor
conversion. Whether biopsy sample could represent the whole
tumor landscape is also debated [17]. For hormone receptors, we
hereby defined negative as receptor expression <1%, in consistent
with ASCO/CAP guideline [18]. But ER or PR positive tumors may
involve a wide range of expression from 1 to 100%. The intratumor
heterogeneity not only affects tumor response but also makes a
challenge in the assessment of receptors [19]. The mechanisms
underlying receptor discordance are not fully understood but are
believed to involve tumor heterogeneity, clonal selection, and genetic
or epigenetic alterations during disease progression and treatment
[20,21]. The other proposed mechanism for phenotype switching
is intrinsic or induced cell plasticity which may be contributed
by several processes such as epigenetic modifications, regulation
of transcription factors, activation or suppression of key signaling
pathways, as well as epithelial-to-mesenchymal transition and tumor
microenvironment [22].

Research continues to explore the extent and causes of receptor
discordance, aiming to develop predictive markers and more
personalized treatment strategies. Liquid biopsies, which analyze
circulating tumor cells or cell-free DNA in the blood [23,24],
represent a promising non-invasive approach to monitor receptor
status and detect changes over time. These advances could enable
more dynamic and responsive treatment adjustments, ultimately
improving patient outcomes.

Whether the receptor discordance directs the destiny of
metastatic breast cancer patients remains controversial. Theoretically,
once the subtype changed, the treatment may be adjusted according
to the new phenotype and expected to overcome the resistance
from cell plasticity. In a previous review [11], one study reported
no significant differences in outcomes between patients with
concordant versus discordant receptors [25], whereas four studies
reported shorter survival for those with specific discordances [26-
29]. In our study, the OS or PRS across the ER, PR or HER2

status revealed no significant differences regardless of whether the

receptor status changed or not. The possible reasons may be limited
sample size, shorter period for follow up in our series, or treatment
adjusted along with the changed receptor status. However, evidence
on survival outcomes is lacking in the literature for those with
discordant receptors whose treatment is guided by the phenotype of
the metastases rather than that of the primary tumors. On the other
hand, the patients with concordantly positive HR showed a trend of
better outcome in OS and PRS, although no significant difference
was found in statistics. Also worthy of note is that a better PRS was
observed in concordanty PR positive group compared to those
who experienced PR loss during disease progression. This finding
supported the notion that loss of PR may represent the obstacle of
treatment in recurrence or metastatic breast cancers.

Our study revealed that there were 14 patients presenting PR
loss in their recurrent tumors. Among patients with discordant
subtypes, 9 of 38 (23.7%) patients had conversion of subtypes from
luminal A to BI. The PR is impressed as a marker of functional ER
and expected to be responsive to hormone therapy in HR positive
tumors. If ER becomes nonfunctional and unable to produce PR,
the growth and survival of tumor cells may not be dependent on
estrogen stimulation [30]. Tumors with PR loss often have worse
outcomes in both primary and metastatic lesions and may also reflect
resistance to treatment [31]. A meta-analysis had demonstrated
that patients with loss of ER/PR in recurrent tumors presented a
significantly shorter OS compared to those with concordant positive
receptors [32]. In our series, ER loss did not affect the survival
outcomes, but PR loss was associated with worse PRS compared
to concordantly positive PR expression. Although the difference
in overall survival was not statistically significant, there was a trend
toward poorer survival in patients with PR loss in recurrent tumors.
Loss of PR may result from a complex mechanism, including £SR1
gene mutation, alteration of ESRI transcriptional regulators [33],
decreased transcription of the PGR gene [34], or PTEN inactivating
mutations [35]. In addition, the silent information regulation factor
1 (Sirtuin Type 1, SIRT1) had been demonstrated to play a critical
role in progestin resistance in endometrial cancer [36]. Upregulation
of SIRTT in progestin-resistant cells correlated with downregulation
of PR. Through inactivation of the p53 pathway, SIRT1 represses
estrogen signaling, ligand-independent ERa-mediated transcription,
and promotes the expression of multi-drug resistance associated
protein in tamoxifen-resistant breast cancer cells [37,38]. The change
leads to different treatment strategies. In hormone responsiveness,
endocrine therapy is the mainstay of treatment choice for metastatic
or recurrent tumors, whereas the luminal B subtype may have
resistance to endocrine therapy alone and need intervention of
chemotherapy or cyclin-dependent kinase 4/6 inhibitors [39]. The
change of receptors is a critical issue that underscores the dynamic
nature of cancer biology. Our research supported that if a recurrent
tumor represented PR loss, more aggressive therapy should be
taken into consideration to potentially improve the otherwise poor
prognosis.

The limitations of our study include its retrospective design
and small sample size, which ruled out those metastatic or recurrent
tumors without available samples. The exclusion may lead to a
selection bias in the analysis of incidence and impact of receptors
discordance. However, despite the small sample size, we still found
a significant difference in survival outcomes associated withPR loss
from primary to recurrent tumors. These findings contribute to a
better understanding of the biology of breast cancer tumorigenesis
and warrant further investigation.
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Conclusion

In summary, our study provided evidence on the discordance
of receptors between primary and recurrent tumors. The receptor
conversion may result in a worse outcome in the scenario of PR loss.
Tissue samples from recurrent or metastatic site is essential to tailor
optimal treatment in advanced breast cancers.
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