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Abstract
Estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2 (HER2) status provide
clinical utility in guiding therapeutic decision-making in metastatic breast cancer (BC). Increasing data have shown
substantial differences between the receptor profiles of primary BCs and their paired metastases. In this study, we provide a
large single center cohort to assess the frequency of receptor conversion in metastatic BC. The overall discordant rates were
18.3%, 40.3%, and 13.7% for ER, PR, and HER2, respectively. The discordance was significantly higher for PR when
compared with ER and HER2. The conversion occurred significantly as a switch from positive to negative receptor status
when compared with that from negative to positive for all three receptors. Semiquantitative analyses revealed a significantly
decreased expression of both ER (25%) and PR (57%) in the metastases. There was a higher rate of PR discordance in bone
metastases when comparing to other common organs of relapse. Furthermore, in the subset of patients with a single primary
and multiple distant metastases, the discordant rates among the distant sites were 27.5%, 39.4%, and 14.3% for ER, PR, and
HER2, respectively. A positive ER status, be it in primary or metastatic BC, was associated with a prolonged metastasis-free
survival when compared with ER-negative primary tumors without conversion. Furthermore, a positive ER status in
metastatic BC regardless of primary was associated with a superior overall survival when compared with an ER-negative
tumor without conversion. Thus, receptor conversion is a frequent event in the course of BC progression, and can also be
seen between different metastatic sites. Moreover, some conversions are of prognostic significance. The findings may reflect
tumor heterogeneity, sampling or treatment effect, but may also indicate alteration in tumor biology. Repeat biomarker
testing is warranted in making appropriate treatment plans in the pursuit of precision medicine.

Introduction

Breast cancer (BC) is the most common cancer and the
second leading cause of cancer death in women in the
United States, with projected 276,480 new cases and 42,170
cancer deaths in 2020, respectively [1]. BC mortality is
largely the consequence of distant organ metastases that are
resistant to systemic therapy. Despite the recent advance-
ments in early detection and aggressive treatment, distant
metastasis remains a clinical challenge. The risk of distant
recurrence ranges from 10 to 41%, depending on the
pathologic characteristics and nodal status of the original

tumor [2, 3]. Moreover, 6–10% of patients are diagnosed
with metastatic BC at initial presentation, also known as de
novo metastatic BC [4].

Systemic treatment for primary and metastatic BC is
primarily based on the status of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor receptor-2 (HER2). In metastatic BC, endocrine or
HER2-targeted therapy decision-making has been histori-
cally directed at the biomarker status of the primary tumor,
as routine biopsies of metastatic lesions and reassessment of
receptor status was not part of the standard workup. How-
ever, increasing data have shown substantial differences
between the receptor profiles of primary BCs and their
distant metastases [5–9], and the discrepancy is also seen at
the genomic and transcriptomic level [7]. The change (gain
or loss) of hormone receptor or HER2 status between pri-
mary and metastatic tumors within the same patient, also
known as “receptor conversion”, could potentially lead to
inappropriate endocrine or HER2-targeted therapies in
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patients with metastatic BC. Therefore, the current National
Comprehensive Cancer Network Panel and American
Society of Clinical Oncology (ASCO) Clinical Practice
Guideline recommends biopsy confirmation of disease
process and retesting biomarkers in patients with accessible
metastases, and to preferentially use the receptor status of
the metastasis to direct therapy if supported by the clinical
scenario and patient’s goals for care [10, 11]. In addition,
the European School of Oncology International Consensus
Guidelines for advanced BC also recommend to biopsy a
metastatic lesion to confirm the diagnosis, particularly when
metastasis is diagnosed for the first time [12].

There has been considerable debate about the incidence
of receptor conversion. The reported rates for discordance
between primary and metastatic BCs varied from 0 to 67%
for ER, 0 to 78% for PR, and 0 to 44% for HER2 [5–9].
There are several inherent limitations in the earlier studies,
of which small sample size is clearly the most notable
shortcoming [5]. Other potential limitations include using a
ligand-binding assay, inclusion of decalcified specimens
from bone metastases, and possible sampling bias intro-
duced by use of tissue arrays as described in an earlier study
[13]. Moreover, the discrepancy of receptor status across
different distant sites of relapse in the patients with multiple
metastases has only been rarely examined [14]. In the pre-
sent study, we assessed the frequency of receptor conver-
sions and performed semiquantitative analyses for hormonal
receptors using 390 paired primary and metastatic breast
carcinomas, the largest cohort of its kind from a single
institution. The association between receptor conversion and
prognostic outcomes in these patients was also analyzed.

Materials and methods

After approval by the Institutional Review Board, the Sur-
gical Pathology database of the authors’ institution was
searched to identify matched primary and metastatic BC
cases with receptor studies available between 1998 and
2019. Locoregional recurrence, de novo metastatic BCs,
and metastases to ipsilateral regional lymph nodes were
excluded. Patients who did not receive systemic therapy
were not included. Given that decalcification may poten-
tially affect the analyses of receptor studies, bone biopsy
specimens were not decalcified if a possible metastasis was
clinically indicated per the institutional protocol. This led to
a total of 390 paired primary and metastatic breast carci-
nomas meeting the inclusion criteria, including 40 patients
with metastases to more than one distant sites. Five patients
had more than one ipsilateral primary tumor or bilateral
carcinomas that showed different receptor profiles, the
receptor status in the metastasis was not regarded as dis-
cordant if it matched any of the primaries in these patients.

The tissue specimens were fixed for variable times but
were typically within the 6–72 h window before commen-
cing the immunohistochemistry protocol. The depar-
affinized sections were incubated in sodium citrate buffer
for 60 min at 100 °C for antigen retrieval. Hydrogen per-
oxide was applied for 4 min at 37 °C to block endogenous
peroxidase. After rinsing, ER (clone 6F11 [until 2008] and
clone SP1 [after 2008], prediluted; Ventana), PR (clone
1A6 [until 2008] and clone 1E2 [after 2008], prediluted;
Ventana), or HER2 (clone SP3, 1:100, Thermo Scientific
[until 2016] and clone 4B5, prediluted, Ventana [after
2016]) antibody was then applied for 36 min at 37 °C, fol-
lowed by a biotinylated secondary antibody for 8 min.
Sections were then rinsed, visualized with diaminobenzoic
acid, counterstained with hematoxylin, and then taken off-
line to be dehydrated and coverslipped. ER and PR inter-
pretation was performed following the American Society of
Clinical Oncology/College of American Pathologists
(ASCO/CAP) guideline recommendations [15]. The stain-
ing intensity was scored into 0 (negative), 1+ (weak), 2+
(moderate), or 3+ (strong). Semiquantitative ER and PR
protein expression was evaluated, when available, using an
H-score as determined by multiplying the intensity by the
percentage of positive staining cells (extracted from the
original pathology reports or by review of slides), giving a
range of 0–300. HER2 overexpression/gene amplification
was defined as either a 3+ immunohistochemistry score
(uniform and intense membrane staining of >30% of tumor
cells) or as a positive in situ hybridization result following
the ASCO/CAP guideline recommendations [16–18].

The categorical data obtained were statistically evaluated
using either the χ2-test, while continuous data were eval-
uated using the Student t test. Metastasis-free survival
(calculated from the date of diagnosis to the date of
metastasis) and overall survival (from the date of diagnosis
to the date of death) were mapped on Kaplan–Meier curves.
Patients who survived or were lost to follow-up were con-
sidered as censored data in the analysis. The univariate log-
rank test was used to compare groups. A P value of <0.05
was considered statistically significant. The statistical ana-
lyses were conducted using the GraphPad Prism 6.0 soft-
ware and VassarStats (http://vassarstats.net/).

Results

There were a total of 390 paired primary and metastatic
breast carcinomas from 348 patients with ER and/or
HER2 studies available in the study period. Forty patients
had more than one distant metastases, ranging from 2 to
5 sites. Collectively there were 387, 345, and 321 paired
tumors meeting the inclusion criteria for ER, PR, and HER2
analyses, respectively. The most common organs of relapse
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were bone, liver, lung (including pleura), and brain in
keeping with early studies [19, 20]. Other distant sites of
metastasis largely included skin/soft tissue, abdominal and
retroperitoneal locations (i.e., gastrointestinal organs and
adrenal glands), gynecologic organs, head and neck, and
distant (i.e., thoracic) lymph nodes.

The overall discordant rate for ER was 18.3% (n= 71).
The conversion occurred significantly as a switch from
positive to negative receptor status (61/295, 20.7%) when
compared with that from negative to positive (10/92,
10.9%; P= 0.04) (Table 1). Semiquantitative analyses
using the Student’s t test revealed a significantly decreased
expression (25%) of ER in the metastases (mean H-score
and 95% confidence interval: 129 ± 17) when compared to
the primary tumors (172 ± 16; P < 0.0001) (Fig. 1).

There was a significantly higher conversion rate of PR
(139/345, 40.3%) when compared with that of ER (P <
0.0001). Similar to ER, PR converted twice as frequent
from positive to negative than vice versa (107/214, 50% vs.
32/131, 24.4%; P < 0.0001). Furthermore, there was an
average of 57% reduction of PR expression in metastatic
tumors when compared to the primaries (77 ± 13 vs. 33 ± 9;
P < 0.0001) (Fig. 1).

Receptor conversion for HER2 occurred in 13.7% of
metastatic carcinomas (44/320). Once again, a HER2 status
change from positive to negative was much more common
than vice versa (25/87, 28.7% vs. 19/234, 8.1%; P <
0.0001). The overall conversion rate for HER2 was sig-
nificantly lower than that of PR (P < 0.0001) but not dif-
ferent from that of ER (P= 0.15).

Table 1 Overall receptor
conversion rates in metastatic
breast cancer.

Receptor (n) Discordant Concordant Conversion rate

Positive/
negative

Negative/
positive

Positive/
positive

Negative/
negative

ER (387) 61 10 234 82 18.3%

PR (345) 107 32 107 99 40.3%

HER2 (321) 25 19 62 215 13.7%

Fig. 1 ER and PR expression
in primary and metastatic
breast cancer. Dot plot (top
panel) and line graph (bottom
panel) of ER and PR expression
in paired primary and metastatic
breast cancer. There was a
significantly decreased
expression of both ER and PR in
the metastases (mean H-score
and 95% confidence interval:
172 ± 16 vs. 129 ± 17, P <
0.0001 and 77 ± 13 vs. 33 ± 9,
P < 0.0001, respectively).

Table 2 Metastatic site-specific discordance in receptor status.

Organ ER PR HER2

Discordant Concordant Conversion rate Discordant Concordant Conversion rate Discordant Concordant Conversion rate

Bone 17 86 16.5% 49 46 51.6% 14 71 16.5%

Liver 16 64 20% 29 41 41.4% 10 61 14.1%

Lung 13 63 17.1% 25 42 37.3% 9 53 14.5%

Brain 9 31 22.5% 10 20 33.3% 5 33 13.2%
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To further elucidate if the receptor conversion demon-
strates metastatic site-specific differences, we next analyzed
the receptor conversion at the most common organs of
relapse, including bone, liver, lung/pleura, and brain. To
that end, there was a slightly higher yet insignificant con-
version rate for ER in brain metastases when comparing to
other organs. Approximately a half of bone metastases
demonstrated PR discordance, although it did not reach a
statistical significance when compared with other sites. A
similar conversion rate for HER2 was observed across all
these organs (Table 2).

We next assessed to what extent the receptor status dif-
fers between metastatic sites. To that end, the discrepancy
of receptor status was examined in the patients with single
primary breast carcinomas and multiple distant metastases.
The discordant rates between the distant sites of relapse
were 27.5% (11/40), 39.4% (13/33) and 14.3% (5/35) for
ER, PR and HER2, respectively (Table 3). Interestingly,
discordance in the receptor status between separate lesions
within the same organ was also observed, as exemplified in
Fig. 2.

We next turned to analyze the association between
receptor conversion and time to metastasis, if any. With
regard to ER status, the median survival times for positive
to positive (+/+), positive to negative (+/−), negative to
positive (−/+), and negative to negative (−/−) conversion
were 1457, 1099, 2860, and 790 days, respectively. The
−/− ER status in primary and metastatic tumors was
associated with a significantly worse metastasis-free survi-
val when compared with +/+ (hazard ratio [95% con-
fidence interval] 0.5667 [0.3643, 0.6697]; P < 0.0001), +/−
(0.6013 [0.4136, 0.8090]; P= 0.002) and −/+ (0.4798
[0.3118, 0.8686]; P= 0.02) ER statuses, respectively
(Fig. 3). The median survival times for +/+, +/−, −/+ and
−/− PR conversion were 1417, 1223, 1332 and 879 days,
respectively. Similarly, the +/+ (0.6485 [0.4647, 0.8373];
P= 0.002) and +/− (0.7288 [0.5360, 0.9532]; P= 0.038)
PR conversion were both associated with a superior
metastasis-free survival when compared with the −/− PR
status. A trend of favorable prognosis was associated with
−/+ PR conversion although it did not reach statistical
significance. The median survival times for +/+, +/−,
−/+, and −/− HER2 conversion were 1064, 1076, 1587,
and 1063 days, respectively. No significant association for

HER2 conversion was observed. As expected, a +/+
HER2 status was associated with a worse metastasis-free
survival when compared with the −/− HER2 status (1.339
[1.012, 1.907]; P= 0.045) (Fig. 3).

Comparison of overall survival was also performed
between patients with and without receptor conversion. To
that end, the median survival times for +/+, +/−, −/+, and
−/− ER statuses were 4177, 2791, 4050, and 2420 days,
respectively. The −/− ER status was associated with a
significantly inferior overall survival when compared with
the +/+ (0.4349 [0.1902, 0.5585]; P < 0.0001) and −/+
(0.2534 [0.1646, 0.9067]; P= 0.035) ER statuses. The
median survival times for +/+, +/−, −/+, and −/− PR
statuses were 5877, 3196, 3636, and 2859 days, respec-
tively. The +/+ PR status was significantly associated with
a favorable overall survival when compared to the +/−
(0.5143 [0.3128, 0.811]); P= 0.005) and −/− (0.4581
[0.2595, 0.7077]; P= 0.001) PR statuses, respectively. The
median survival times for +/+, +/−, −/+, and −/−
HER2 statuses were 3414, 3464, 9790, and 3636 days,
respectively. No significant difference was found between
any HER2 conversion statuses although a trend of pro-
longed overall survival was seen with −/+ the HER2
conversion (Fig. 3).

Discussion

The discordance of receptor status between primary breast
carcinomas and their matched metastases is a phenomenon
initially recognized in the late 1970s and has been subse-
quently further studied [21]. Yet, early investigations have
resulted in considerable debates as to the incidence of dis-
cordance, as there have been highly variable conversion
rates, ranging from 0 to 78% in the literature [5–9]. Small
sample size is thought to be the principle significant influ-
ential factor for such extent of variations. A systemic review
analysis revealed that 81% (22/27), 79% (19/24), and 86%
(30/35) of previous studies contained less than 100 cases for
ER, PR, and HER2 conversion, respectively [5]. Most of
the larger-scaled studies were pooled analyses of published
studies. In the current study, we presented the largest cohort
from a single academic center in order to provide additional
data and more meaningful insights into this critical matter.
The advantage of single institution analyses is the ability to
provide more detailed and specific data that is usually not
possible with a large pooled literature review. The overall
discordant rates between primary and metastatic breast
carcinomas in this cohort were ~18%, 40%, and 14% for
ER, PR and HER2, respectively. Moreover, discrepant
receptor profiles across different sites of metastases were
found in a significant proportion of patients with single
primary carcinomas and multi-organ relapses.

Table 3 Discordance in receptor status between different metastatic
sites within the same patient.

Receptor Discordant Concordant Discordant rate

ER 11 29 27.5%

PR 13 20 39.4%

HER2 5 30 14.3%
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A number of other factors may have attributed to the
extent of variation in the literature. First, the heterogeneity
of tissue sampling is an inherent bias in clinical practice.
The receptor studies can be performed on a core biopsy,
fine-needle aspiration or surgical resection for either pri-
mary or metastatic carcinomas, thus resulting in a false-
negative receptor status, as intratumoral heterogeneity of
receptor expression is well-characterized in BC. Further,
some previous studies included regional lymph node
metastases and local relapses [22]. Given that a clinically
significant difference has been perceived between nodal
metastasis/local relapse and distant metastases [9, 23], the
former was not included in the present study.

Second, pre-analytical and analytical alterations may be
an important contributor to such variation. A number of
previous studies were performed when dextran-coated
charcoal assay was utilized for hormonal receptor studies
[9]. Immunohistochemistry was introduced for ER and PR
analysis and approved for routine clinical practice in the late
1990’s [24]. We thus collected cases from 1998 to minimize
the variation potentially caused by such assay methods.
Decalcification of bone specimens using strong acidic

solutions may have an impact on immunohistochemical
analysis, and also precludes the specimen from being
evaluated for HER2 by in situ hybridization analysis. To
prevent such problems, bone biopsy specimens were not
decalcified if a possible metastasis was clinically suspected
per our institutional protocol. Furthermore, any change of
antibodies and testing platforms over the study period
should have resulted in more sensitive and consistent testing
results in all studies including ours. Moreover, possible
inter-assay variability is another potential confounder with
such tests, especially before the establishment of guidelines.
All assays in our laboratory were performed with appro-
priately reactive positive and negative controls. This, along
with our participation in the CAP Survey and CAP Per-
formance Improvement Program, may have helped to
maintain the quality assurance and quality control systems
and to minimize any variations over the time.

Third, the guidelines for interpretation of ER, PR, and
HER2 have changed over the years. A 10% cutoff was used
for ER and PR interpretation in the early years whereas this
cutoff was revised to 1% following the ASCO/CAP guide-
line recommendations in 2010 [15]. To that end,

Fig. 2 Illustration of discordance in the receptor status between
separate metastatic tumors within the same organ. Biopsies of two
liver lesions (top and bottom panels) from the same patient demon-
strated metastatic breast carcinomas with similar histomorphology.

While the primary tumor had an ER+/PR+/HER2+ phenotype, the
two metastatic lesions demonstrated ER+/PR−/HER2− and ER+
(low)/PR+/HER2+ phenotypes, respectively. Original magnifications
×100 (H&E, ER, and PR) and ×400 (HER2 Dual ISH).
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semiquantitative analyses for ER and PR using an H-score
were performed for all cases included in the present study to
overcome, at least in part, the undesirable effect caused by
the difference in the cutoff values. Further, wide imple-
mentation of the ASCO/CAP guidelines for HER2 testing
was not available until 2007 [16], and the testing criteria
defining HER2-positive status was revised in 2013 [17].
While this revision may result in a change of HER2 status,
reclassification of the HER2 status from negative to positive
reportedly occurred in only ~1% of patients [25]. Moreover,
HER2 analyses by immunohistochemistry and in situ
hybridization have been simultaneously performed at the
authors’ institution since 2008 to further minimize the
potential discrepancy between the testing methods. Thus, the
criteria change was thought to have a minimal, if any, impact
in the receptor conversion. Furthermore, the 2018 ASCO/
CAP HER2 guideline focused update was thought to have
minimal, if any, impact to the analyses in this cohort [18].

While tissue sampling and assay techniques may con-
tribute, to some extent, to the variation in the testing results,
discordance rates reportedly did not statistically differ
between the testing methodologies, thus receptor conver-
sion in metastatic BC has been thought a true biological
phenomenon and not solely the result of limited accuracy of
the receptor assays per se [5, 26]. The majority of conver-
sions were from a positive to negative status, thus may be
largely attributed to selective killing of BC cells over-
expressing ER or HER2 by endocrine or HER2-targeted
therapy. However, the reverse does occur as confirmed by
some studies including ours, thus reflecting the complex
biology of receptor conversion in metastatic BC. Metastasis
as part of tumor progression is a clonally selective process,
a hypothesis supported by experimental and clinical studies
[27]. Direct proof has been provided by early studies that
genetically different individual cells coexist within a tumor,
differing in their metastatic capacity, and that the

Fig. 3 Association between receptor conversion and survival out-
comes. Kaplan–Meier curves of metastasis-free survival (left panel)
and overall survival (right panel) stratified by receptor status of

primary and metastatic tumors. Conversion: +/+, positive to positive;
+/− positive to negative; −/+, negative to positive; −/−, negative to
negative.
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subpopulations within a tumor may have widely variant
metastatic proclivities and expression profiles [28, 29]. This
theory has been further supported by the fact that receptor
status were unstable throughout tumor progression, as
demonstrated by the discordance in receptor profiles among
different sites of distant relapse in a subset of patients with
multi-organ metastases. Such discordances in the present
study were 27.5%, 39.4%, and 14.3% for ER, PR, and
HER2, respectively, and were also perceived in separate
lesions within the same organ. An early study showed an
alteration of ER, PR, and HER2 status in 33.6%, 32.0%,
and 15.7% of patients with multiple consecutive relapses,
respectively, although a significant proportion of the cohort
were local relapses [22]. Another previous study using
exclusively distant relapses similar to our cohort showed
discordant rates of 10.9%, 30.9%, and 3.6% for ER, PR,
and HER2 status, respectively, across different distant
metastases [14].

Another important finding in this cohort was that the
extent of decreased expression was more dramatic for PR
levels when compared to ER (57% vs. 25%), thus it is not
surprising that PR conversion from positive to negative was
significantly more frequent than that of ER, an observation
in keeping with a large body of previous data using different
cutoffs [5]. As an ER-dependent gene product, PR loss in
the metastasis may be a key hallmark of response failure to
endocrine therapy [8, 30], thus necessitating further
investigation.

Location-specific discordance between primary BC and
distant metastasis is of substantial clinical interest. There
have been a number of studies in this regard, mostly using a
small number of cases, with variable results. One study
including 233 patients with non-bone metastases showed
that the discordance was more frequent in brain, liver, and
gastrointestinal metastases, especially for PR [13]. A pooled
analysis demonstrated a significant higher ER discordant
rate in bone relapses when compared with brain metastases,
and a significant higher PR discordant rate in bone and liver
relapses when compared with brain metastases, although
those studies used different methods (including tissue
microarrays) and cutoffs [5]. A significant difference in
discordant rate for ER or PR between most common distant
sites of relapse was not observed in our cohort, although a
trend of higher PR discordance in bone relapse was seen.
Furthermore, no significantly different HER2 conversion
rates between metastatic sites were identified, in keeping
with most early studies.

The association between receptor conversion and time to
metastasis is of further interest. Our findings showed that a
positive ER status, be it in primary or metastatic tumor
(+/+, +/− or −/+ conversion), was associated with a
prolonged metastasis-free survival when compared with

ER-negative tumors without conversion (−/−). A similar
observation was also found for PR status, with exception of
negative to positive conversion, although such a trend was
also seen. No significant association for HER2 conversion
was observed. With regard to the relationship between
receptor conversion and overall survival, a positive ER
status in metastatic tumor regardless of primary (+/+ or
−/+ conversion) was associated with a superior overall
survival when compared with an ER-negative tumor with-
out conversion (−/−). Conversely, a negative PR status in
the metastatic tumor regardless of primary (+/− or −/−
conversion) was associated with a worse prognosis when
compared with a PR-positive tumor without conversion
(+/+). These findings further reflect the biologic mechan-
ism of PR acting as a surrogate marker for functional ER
activation largely influencing BC cell growth in the meta-
static setting [31]. Systemic therapy may have a con-
founding effect in comparing survival outcomes in the
different receptor conversion categories, an inherent nature
of such studies. Nonetheless, all patients in this cohort
received standard of care treatment at the time of diagnosis,

In summary, receptor conversion is a frequent event in
the course of BC progression, and can be a positive to
negative or negative to positive conversion. Both conver-
sions are clinically relevant, as the patient may be at risk of
ineffective treatment or miss the potentially effective tar-
geted therapy in case of loss or gain of receptor in the
metastasis, respectively. Moreover, discordance in receptor
status between different metastatic sites was observed in a
significant proportion of metastatic BC patients. Despite the
mechanism of receptor conversion, repeat biomarker studies
are warranted in making appropriate treatment plans in the
era of precision medicine. Furthermore, large prospective
studies are needed on survival outcomes in patients with a
change in systemic therapeutic decision based on receptor
conversion.
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