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ABSTRACT

Introduction. Discordance in hormone receptor status has
been observed between two breast tumors of the same
patients; however, the degree of heterogeneity is debatable
with regard to whether it reflects true biological difference or
the limited accuracy of receptor assays.
Methods. A Bayesianmisclassification correctionmethodwas
applied to data on hormone receptor status of two primary
breast cancers from the Surveillance, Epidemiology, and End
Results database between 1990 and 2010 and to data on
primarybreastcancerandpairedrecurrent/metastaticdisease
assembled from a meta-analysis of the literature published
between 1979 and 2014.
Results. The sensitivity and specificity of the estrogen receptor
(ER) assay were estimated to be 0.971 and 0.920, respectively.
After correcting for misclassification, the discordance in ER
between two primary breast cancers was estimated to be
1.2% for synchronous ipsilateral pairs, 5.0% for synchronous

contralateral pairs, 14.6% for metachronous ipsilateral pairs,
and 25.0% for metachronous contralateral pairs. Technical
misclassification accounted for 53%–83% of the ER discor-
dance between synchronous primary cancers and 11%–25%
of the ER discordance between metachronous cancers. The
corrected discordance in ER between primary tumors and
recurrent or metastatic lesions was 12.4%, and there were
more positive-to-negative changes (10.1%) than negative-to-
positive changes (2.3%). Similar patterns were observed for
progesterone receptor (PR), although the overall discordance
in PR was higher.
Conclusion. A considerable proportion of discordance in hor-
mone receptor status can be attributed to misclassification in
receptorassessment, although the accuracyof receptor assays
was excellent. Biopsy of recurrent tumors for receptor retest-
ing should be conducted after considering feasibility, cost, and
previous ER/PR status.The Oncologist 2014;19:592–601

Implications for Practice: Discordance in hormone receptor status between primary andmetastatic breast cancer lesions cannot
be ignored. However, the extent of discordance and direction of changes matter. This study found a considerable proportion of
discordance inhormone receptor status canbeattributed tomisclassification in receptor assessment, even though theaccuracyof
receptor assays is excellent. After accounting for misclassification, biological discordance exists, and there are more positive-to-
negative switches in receptor status than negative-to-positive switches. Rebiopsyofmetastatic sites for receptor retestingmay be
recommended on a case-by-case basis after considering the feasibility, cost, and previous status of hormone receptor.

INTRODUCTION

The importance of hormone receptors in breast cancer
biology has been recognized. Hormone receptor-positive
versus -negative cancers have fundamentally different
natural histories, leading to different prognoses and treat-
ment strategies [1, 2]. The discordance in estrogen receptor
(ER) and progesterone receptor (PR) status between two
primarybreast cancersof the samepatient hasbeen reported
to be ∼20% and ∼40%, respectively [3–6]. Discordance in

these biomarkers has also been reported between primary
tumor and a lesion of regional recurrence or distant
metastasis, with discordance rates ranging from 10% to
40% [7]. Although the National Comprehensive Cancer
Network guidelines recently recommended a biopsy of
metastatic deposits when feasible [8], clinical management of
breast cancer metastasis has been based largely on the initial
assessment of the primary tumor. This lack of concordance is
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of concern and might be an important reason for treatment
failure.

The degree of dissimilarity is debatable with regard to
whether it reflects true biological difference or the limited
accuracy of receptor assays [7, 9, 10]. Originally, quantification
of ER and PR was done by ligand-binding assays (LBAs), which
have largely been replaced by easier and more inexpensive
immunohistochemistry (IHC) methods since the early 1990s.
IHC has rapidly become the predominant method for
measuring ER and PR in clinical practice due to its many
advantages, but its limitations in accuracy are widely rec-
ognized because it depends on multiple variables including
specimen handling, tissue fixation, antibody type, antigen
retrieval, staining, and scoringmethods [11–13]. Some studies
have reported differences in the accuracy of hormonal
receptor scoring according to the method used [7]. However,
it is unclear how much the limited accuracy of assays
contributes to the overall discordance in hormone receptors
between two primary breast cancers or between primary
tumors and recurrent or metastatic lesions.

The purpose of the present study is to assess the impact of
misclassification in receptorassaysondiscordance inhormone
receptor status and to estimate the accuracy of hormone
receptor assays. The discordance of hormone receptor status
was evaluated between two primary breast cancers and
between primary breast cancer and recurrent or metastatic
sites. We applied a Bayesian misclassification correction
method to data on hormone receptor status of two primary
breast cancers from the Surveillance, Epidemiology, and End
Results (SEER) database, 1990–2010 and to data on primary
and recurrent or metastatic disease pairs assembled from
ameta-analysisof36studies.TheBayesianapproachcombines
prior information about assay accuracy and receptor preva-
lence in the observed data, resulting in a posterior distribution
for thesequantities and, in turn, aposteriordistribution for the
actual discordance rate. Because the cohort of two primary
breast cancers and the cohort of primary and metastatic pairs
represent two different clinical scenarios, we handled their
data differently in the model, but we utilized all data to
estimate common parameters of assay accuracy.

METHODS

SEER: Two Primary Tumors
UsingthelargedatasetfromtheNationalCancer Institute’sSEER
program from 1990 to 2010 [14], we identified 31,119 female
patients who had two primary breast cancers with available
information on hormone receptors and laterality in both
cancers.There were 14,022 patients with “synchronous” breast
cancers (defined as two cancers diagnosed within 6 months)
and 17,097 patients with metachronous cancers. In 5,418
patients, two cancers occurred in the same breast (“ipsilateral”
breast cancer) and in 25,701 patients, cancers occurred in both
breasts (“bilateral” or “contralateral” breast cancer). Table 1
cross-tabulates ER and PR status of the two cancers according
to laterality and time interval between two cancers.

Meta-Analysis of Primary Tumors and
Metastatic Lesions
Following the guidelines of theMeta-analysis ofObservational
Studies in Epidemiology Group [15], we searched the PubMed

database from 1979 to 2014 using the following combination
of keywords: (“estrogen receptor”or “progesterone receptor”
or “hormone receptor”) and “discordance” and “breast cancer.”
Next, we manually checked the references of all identified
articles, reviews, and editorials. Studies were considered
eligible if they measured ER and/or PR status for both primary
breast cancer and recurrent or metastatic lesion. Only full
published papers were included because the study required
detail on thenumberof changes in receptor status.Ofmultiple
articles published from the same institution, only the article
withthe largest samplesizewaschosen (e.g.,of the twostudies
from University of Texas MD Anderson Cancer Center [4, 16],
we used the later study [4]). If necessary, we e-mailed the
authors of studies for additional data needed for the meta-
analysis. We also followed up relevant abstracts identified
from the past 5 years of American Society of Clinical Oncology
(ASCO) meetings and San Antonio Breast Cancer Symposiums
for full publications.

Of the352papers identified throughPubMed,we found17
eligible papers.Through the references of these papers aswell
asother reviewsandmeetingabstracts,wefoundanadditional
19papers, so a total of 36 studiesmetour selection criteria and
were included in the meta-analysis. The main characteristics
from the selected studies were extracted, including publica-
tion details such as the authors’ names and the publication
year, the methods of the receptor assay (IHC, biochemical
methods [i.e., LBA], or the two methods mixed), the exact
number of hormone receptor concordance or discordance

Table 1. Discordance of hormone receptors of two primary

breast cancers: data from Surveillance, Epidemiology, and End

Results, 1990–2010

First primary breast
cancer

Second primary breast cancer

Ipsilateral Contralateral

Positive Negative Positive Negative

Estrogen receptors,
synchronousa

Positive 1,015 41 10,438 625

Negative 45 132 741 985

Total 1,060 173 11,179 1,610

Estrogen receptors,
metachronous

Positive 2,762 455 7,651 1,893

Negative 360 608 1,717 1,651

Total 3,122 1,063 9,368 3,544

Progesterone receptors,
synchronousa

Positive 842 71 8,618 1,193

Negative 83 237 1,212 1,766

Total 925 308 9,830 2,959

Progesterone receptors,
metachronous

Positive 2,026 779 5,319 3,129

Negative 493 887 1,990 2,474

Total 2,519 1,666 7,309 5,603
aFor synchronouspairs of twoprimarybreastcancers, theorderof firstor
second cancer was randomly assigned.
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between primary and recurrent or metastatic disease, the
direction of changes, the site of recurrence or metastasis if
available, and the study design (prospective or retrospective).
Characteristics of the 36 studies are presented in Table 2.

Using the randomeffectsmodel describedbyDerSimonian
and Laird [17],we summarized thediscordantproportionof ER
or PR status. The reason for heterogeneity across studies was
examined with stratification by methods of receptor assays
or location of recurrence (regional recurrence vs. distant
metastasis). Mixed-effect meta-regression was used to test
statistical significance of the stratification factors.We further
estimated the pooled proportions of positive-to-negative
change and negative-to-positive change using random effects
models. The meta-analysis was performed using Stata 12.0
(StataCorp, College Station, TX, http://www.stata.com).

Statistical Analysis
A Bayesian misclassification correction method was used to
estimate the discordance proportion in hormone receptor
status between pairs of tumors as well as the sensitivity and
specificity of the assays [18]. For the i-th cancer (i5 1, 2), let Xi
be the true hormone receptor status and Xp

i be the reported
hormone receptor status, which may not always be the same
as the underlying true value. There are five strata, including
synchronous ipsilateral primaries, synchronous contralateral
primaries, metachronous ipsilateral primaries, metachronous
contralateral primaries, and primary tumor to metastatic
lesion. For the k-th stratum, we fit a logistic regression model
that accounted for the association between the true hormone
receptor statuses for the two cancers. Because the measure-
ment procedure for hormone receptor status is routine, we
assume that the misclassification parameters, that is, sensi-
tivity (SN) and specificity (SP), are the same across all strata,
and we assume the misclassifications for cancer pairs are
independent of each other. As such, we are able to model
the two-primary-breast-cancer cohort and the primary-to-
metastasis cohort differently by allowing stratum-specific
parameters of discordance, whereas we can use all data to
estimatecommonsensitivityandspecificity.Themathematical
forms of themodels are listed below. For the k-th (k5 1,…, 5)
stratum:

PðX151Þ5p
ðkÞ
1 ð1Þ

logit PðX251jX1Þ5b
ðkÞ
0 1b

ðkÞ
1 X1 ð2Þ

P
�
Xp
i 51jXi51

�
5SN; P

�
Xp
i 50jXi50

�
5SP; i51; 2: ð3Þ

The prior distribution (researchers’ beliefs) of estrogen
receptor-positive prevalence of the first cancer (i.e., p

ðkÞ
1 Þ was

set to follow a b distribution with 95% credible interval (CI)
between 0.68 and 0.88 (i.e., b [49.07, 13.14]). We chose the
prior distribution of progesterone receptor-positive preva-
lence of the first cancer to follow a b distribution with a 95%
credible interval between 0.56 and 0.76 (i.e., b [55.8, 28.33]).
We chose the prior distribution of the intercept (b0) to follow
a normal distribution with a mean of 21 and variance of 1.
As for log odds ratio (b1), the main parameter of interest,
we assumed a weakly informative prior distribution: normal
distribution with a mean of 1.4 and variance of 100.Two prior

distributions of sensitivity and specificity were assumed. One
prior distribution is less informative by assuming a b dis-
tributionwith a 95%CI between 0.70 and 0.95.The other prior
distribution is informative by assuming a b distribution with
a 95% CI between 0.85 and 0.95.

The posterior distributions of the above parameters were
estimated using the Markov Chain Monte Carlo method
implemented in package JAGS (Just Another Gibbs Sampler).
JAGS was called up within the R package “rjags.”We ran three
chains, each of which has 3 million iterations with burn-in of
1 million iterations and a thinning rate of every 100. The
convergence was checked by the Gelman-Rubin method, and
the diagnostic results were satisfactory.

RESULTS

Sensitivity and Specificity
Figure 1 shows the density distribution of sensitivity and
specificity of hormone receptors. Under two prior briefs on
sensitivity and specificity, the posterior distributions are very
similar (theblue and red solid lines almostoverlap), suggesting
that the information on sensitivity and specificity contained in
the large data set of cancer pairs is dominant and that we can
robustly estimate the sensitivity and specificity of hormone
receptors. In particular, the sensitivity of the ER assay was
estimatedtobe0.971 (95%CI: 0.958–0.983),with specificityof
0.920 (95%CI: 0.871–0.967).The sensitivityof thePRassaywas
0.952 (95% CI: 0.933–0.973), with specificity of 0.905 (95% CI:
0.865–0.948).

Two Primary Breast Cancers
The observed discordance in ER status between two primary
breast cancerswas thehighest formetachronous contralateral
pairs (28.0%) and the lowest in synchronous ipsilateral
pairs (7.0%), with metachronous ipsilateral pairs (19.5%) and
synchronous contralateral pairs (10.7%) in between (Table 3).
It should be noted that these observed discordances assume
100% accuracy of the ER assay. After correcting for mis-
classification in ER assessment, we found that the estimates of
discordance rates were smaller than those observed propor-
tions in all four strata. Of note, the posterior distribution of
discordance was almost the same, even assuming different
prior distributions of sensitivity and specificity, so we pre-
sented only results under less informative prior briefs. The
magnitude of a misclassification’s impact on discordance,
as indicated by relative differences between observed and
posterior-discordant proportions, varied across strata. In par-
ticular, the posterior estimates of discordant proportion for
synchronous ipsilateral pairs and synchronous contralateral
pairs were only 1.2% and 5.0%, respectively, representing
83% and 53% relative reductions. This finding suggests that
technical misclassification accounted for a large amount of
discordance. Concerning metachronous cancer pairs, the
posterior estimates of discordant proportion were 14.6% and
24.8% for ipsilateral and contralateral cancers, respectively,
representing 25% and 11% relative reductions. Interestingly,
there was a higher positive-to-negative ER change (8.6%)
than negative-to-positive ER change (6.0%) in metachronous
ipsilateral pairs.
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Table 2. Characteristics of studies included in the meta-analysis on hormonal receptor changes from primary breast cancer to

recurrent or metastatic sites, 1979–2014

Authors
Year of
publication

Study
design

Hormonal
receptor assay Recurrent site

Estrogen receptor Progesterone receptor

2/2 2/1 1/2 1/1 2/2 2/1 1/2 1/1

Hoehn et al. [28] 1979 R DCC LRR 17 7 0 13

Brennan et al. [29] 1979 R SDM LRR, DM 19 5 2 3

Hull et al. [30] 1983 R DCC LRR, DM,
second primary

51 12 23 81

Holdaway et al.
[31]

1983 R DCC LRR, DM,
second primary

10 9 6 3 12 3 4 1

Raemaekers et al.
[32]

1984 R DCC LRR, DM 26 6 8 35 23 4 10 13

Nomura et al. [33] 1985 R DCC DM 15 0 10 17

Kamby et al. [34] 1989 P IHC LRR, DM 50 2 24 16

Spataro et al. [35] 1992 R DCC LRR, DM 94 46 76 185

Li et al. [36] 1994 R DCC LRR, DM,
second primary

9 11 13 50 8 6 8 10

Kuukasjärvi et al.
[37]

1996 R IHC LRR, DM 15 0 12 23 20 0 12 18

Shimizu et al. [38] 2000 R EIA LRR, DM 10 0 5 5 8 0 6 6

Sekido et al. [39] 2003 R IHC LRR, DM 10 1 6 27 18 2 8 16

Lower et al. [40] 2005 R IHC, DCC LRR, DM 64 21 39 76 71 9 59 34

Gutierrez et al. [41] 2005 R IHC LRR 10 0 5 24

Gomez-Fernandez
et al. [42]

2008 R IHC LRR, DM 119 0 9 150

Wu et al. [43] 2008 R IHC DM 4 0 2 4 4 0 2 3

Broom et al. [44] 2009 R IHC, EIA DM 6 5 6 45 13 0 22 24

Thompson et al.
[26]

2010 P IHC LRR, DM 25 3 11 98 40 12 22 63

Idirisinghe et al.
[45]

2010 R IHC DM, LRR 36 7 12 62 43 8 37 33

Hoefnagel et al.
[46]

2010 R IHC DM 79 7 17 130 92 12 58 71

Gong et al. [4] 2011 R IHC LRR, DM 63 7 10 147

Bogina et al. [47] 2011 R IHC LRR, DM 28 1 8 103 44 5 25 66

Curigliano et al.
[48]

2011 R IHC DM 43 15 22 175 73 18 106 58

Sari et al. [49] 2011 R IHC LRR, DM 15 11 16 33 11 13 26 22

Nishimura et al.
[50]

2011 R IHC LRR, DM 33 2 8 54 36 6 19 36

Chang et al. [51] 2011 R IHC DM 21 9 8 18 31 4 10 11

Amir et al. [27] 2012 P IHC LRR, DM 21 4 11 58 44 4 34 12

Jensen et al. [52] 2012 R/P IHC LRR, DM 19 4 10 85

Montagna et al.
[53]

2012 R IHC LRR 70 7 18 187 105 16 46 112

Duchnowska et al.
[54]

2012 R IHC DM (brain) 56 13 22 29 67 11 23 18

Lindstrom et al.
[55]

2012 R Biochemical,
IHC, ICC

LRR, DM 94 36 113 216 146 33 142 109

Ibrahim et al. [56] 2013 R IHC LRR, DM 21 8 11 76 43 10 38 24

Dieci et al. [57] 2013 R IHC LRR, DM 22 3 13 81 36 10 36 36

Aurilio et al. [58] 2013 R IHC DM (bone) 4 3 19 81 17 4 43 43

Curtit et al. [59] 2013 R IHC DM 31 11 29 164 68 17 52 98

de Dueñas et al.
[25]

2014 P IHC LRR, DM 38 5 16 108 34 13 34 86

Abbreviations: DCC, dextran-coated charcoal; DM, distant metastasis; EIA, enzyme immunoassay; ICC, immunocytochemistry; IHC,
immunohistochemistry; LRR, locoregional recurrence; P, prospective; R, retrospective; SDM, sucrose diffusion method.
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Similar patterns were found for PR, although discordant
proportions, either observed or corrected, for PR status
between two primary tumors were higher than those for ER
status. Interestingly, the posterior proportions of positive-to-
negative changes in PR statuswerealmost twofold higher than
the proportions of negative-to-positive change for metachro-
nous breast cancer pairs.

We explored whether discordant proportions depended
on the time interval between the first and second cancer for
themetachronous cancer pairs (supplemental online Table 1).
We found that discordant proportions for ipsilateral meta-
chronous cancers increased as the time interval between the
first and second cancer increased; however, therewas no clear
time-dependent trend for contralateral metachronous breast
cancers.

Primary Breast Cancer and Recurrent or
Metastatic Lesions
A total of 4,811 patients from36 studieswere included in the
meta-analysis of ER changes from primary breast cancers to
recurrent or metastatic lesions. The weighted average ER-
discordant proportion was 19% (95% CI: 16%–22%), but
there was considerable heterogeneity in ER discordance
across studies, as indicated by I2 of 0.90 (Fig. 2) [19]. We
found that the ER-discordant proportion was 15% in studies
with the IHC assay and 27% in studies with biochemical or
mixed assays (one tumor measured with the IHC method

and another tumor measured with the biochemical method),
and the difference was statistically significant (p 5 .001).
Using studies with IHC assay, we found that the ER-
discordant proportion was 16% in prospective studies and
15% in retrospective studies (p 5 .84). The ER-discordant
proportion was 22% between primary tumors and distant
metastatic lesions and was 13% between primary tumors
and locoregional recurrences (p 5 .08). Supplemental
online Figures 1 and 2 present the forest plots of ER change
from positive to negative and from negative to positive,
respectively.

The meta-analysis of PR status included 3,232 patients
from 26 studies. The weighted average PR-discordant pro-
portion was 33% (95% CI: 30%–37%), but there was large
heterogeneity in PR discordance across studies, as indicated
by I2 of 0.77 (Fig. 3). The PR-discordant proportion between
primary tumors and distant metastatic lesions (36%) was
higher than that between primary tumors and locoregional
recurrences (25%,p5 .03).Wedidnot findthatPRdiscordance
depended on whether assays were IHC or biochemical
methods (p 5 .28) or whether study design was prospective
or retrospective (p 5 .76). Supplemental online Figures 3
and 4 present the forest plots of PR change from positive to
negative and from negative to positive, respectively.

After accounting formisclassification in hormone receptor
assays,we found that the posterior-discordant proportionwas
12.4% for ER status, representing 34% relative reduction from

Figure 1. Probability density of sensitivity or specificity of hormone receptors. Short-dash lines show density distribution of less
informative priors (K1, sensitivity or specificity follows b distribution with a 95% credible interval [CI] between 0.70 and 0.95); dash
lines show density distribution of informative prior (K2, sensitivity or specificity follows b distributionwith a 95% CI between 0.85 and
0.95); blue solid lines show posterior density, given the less informative priors and the data; and red solid lines showposterior density,
given the informativepriors and thedata. In themathematic notations,p stands for probability, D stands for data, andK stands for prior
knowledge.
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observed discordance (Table 4). The corrected discordant
proportion in PR status was 28.3%, representing 17% relative
reductionfromobserveddiscordance. Inparticular,thecorrected
proportionofnegative-to-positive changewas2.3% forER status
and 2.2% for PR status. The opposite change from positive to
negative was 10.1% for ER status and 26.1% for PR status.

DISCUSSION

In the present study, we used a large data set of more than
35,000 patients with two breast cancers or paired recurrent
or metastatic diseases to examine the role of misclassification
in the discordance of hormone receptors. We found that
although misclassification accounted for a considerable pro-
portionofdiscordance between twoprimary breast cancers or
between primary cancer and metastatic lesions, a genuine
change or difference in tumor biology existed. The study also

gave estimates of biological changes between two tumors of
the samepatients after correcting formisclassification and the
sensitivity and specificity of hormone receptor assessment.

Discordances in hormone receptors between primary and
paired metastatic breast cancers or between two primary
breast cancers have been well-documented. It has been
soberly recognized that discordant receptor results can be
caused by a true switch in tumor biology, by sampling of
a heterogeneous tumor, and by limited accuracy of receptor
assays [7]. The accuracy of immunohistochemistry-based
receptor assays is not 100% because multiple factors, such
as tissue fixation, staining methods, antigen retrieval, and
subjective scoring, can affect the accuracy of receptor assays
[11, 12, 20, 21].A recentpublication identified15preanalytical
variables that were capable of affecting immunohistochemis-
try based on formalin-fixed, paraffin-embedded tissue [22].
The relative contribution of the limited accuracy of receptor
assays to overall receptor discordance is unknown because
there is no independent gold standard method to establish
the accuracy of IHC-based receptor assays. Using a Bayesian
misclassification correction method, we found that the
accuracy of ER and PR assays was excellent but not perfect;
the sensitivity and specificity of the ER assay were 0.971 and
0.920, respectively, whereas the sensitivity and specificity of
thePRassaywere0.952and0.905, respectively.These findings
havedirect implications forhormonal therapyofbreastcancer,
both in patients with two breast cancers and in patients with
a single breast cancer, because the extent of under- and
overtreatment depends on the accuracy of evaluative testing
that places a patient in a particular subgroup. In the early
1990s, IHCassays replacedLBAs. In2010,ASCOandtheCollege
of American Pathologists issued new guidelines lowering the
cutoff point for ERandPRpositivity from10%positive nuclei to
1% positive nuclei [23]. Because almost all data used in the
present study were collected between 1990 and 2010, the
sensitivity and specificity estimatesmainly reflect the average
accuracy of IHC-based receptor assays with 10% positively
stained tumor cells as the positivity cutoff point. Although
a study showed that the change in cutoff point did not
significantly affect the number of ER-positive patients [24], we
anticipate that the sensitivity of receptor assays may increase
and the specificity may decrease after the 1% positive cutoff
point has been used in pathologic practice.

After correcting for misclassification due to the imperfect
accuracy of receptor assays, we provided the benchmark of
biological heterogeneity between two primary breast cancers
at a population level, thus it has important clinical implications
for management of patients with two primary breast cancers.
For the vast majority of the patients with two synchronous,
especially unilateral synchronous, breast cancers, ER and PR
status is concordant between two tumors. This does not
necessarily deny the existence of intertumor heterogeneity.
Instead, it suggests that the dominant clone of different foci
of disease is essentially the same. For metachronous pairs,
the overall discordance rates in both ER and PR are higher
than those for synchronous cases. Further studies can help
determine whether the hormone-receptor status of the
previous cancer has value as a prognostic indicator for the
current breast cancer among patients with metachronous
breast cancers and whether inconsistent receptor status

Table 3. Posterior distribution of discordance in hormone

receptors of two primary breast cancers

Hormone receptor No.
Observed
discordance, %

Posterior
discordance,
% (95% CI)a

Estrogen receptor

Synchronous
ipsilateral

1,233 7.0 1.2 (0.3–2.7)

Metachronous
ipsilateral

4,185 19.5 14.6 (12.5–16.7)

Negative to
positive

8.6 6.0 (4.8–7.3)

Positive to
negative

10.9 8.6 (7.3–9.9)

Synchronous
contralateral

12,789 10.7 5.0 (2.7–7.1)

Metachronous
contralateral

12,912 28.0 25.0 (23.4–26.5)

Negative to
positive

13.3 11.7 (10.8–12.6)

Positive to
negative

14.7 13.3 (12.3–14.2)

Progesterone
receptor

Synchronous
ipsilateral

1,233 12.5 2.5 (0.8–5.4)

Metachronous
ipsilateral

4,185 30.4 24.8 (22.4–27.2)

Negative to
positive

11.8 8.4 (6.9–9.9)

Positive to
negative

18.6 16.4 (14.8–18.0)

Synchronous
contralateral

12,789 18.8 10.8 (8.0–13.7)

Metachronous
contralateral

12,912 39.6 37.1 (35.6–38.6)

Negative to
positive

15.4 13.4 (12.5–14.3)

Positive to
negative

24.2 23.7 (22.7–24.7)

aPercentages of posterior discordances were the discordances adjusted
formisclassificationusingaBayesianMarkovChainMonteCarlomethod,
with prior sensitivity and specificity followingabdistributionwith a 95%
CI between 0.70 and 0.95.
Abbreviation: CI, credible interval.
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predicts worse clinical outcomes among patients with syn-
chronous breast cancers.

Our studydemonstrated that conversion in receptor status
between primary cancer and metastatic lesion should be
interpretedwith caution.We found that 34% of ER conversion
and 17% of PR conversion could be due to technical
misclassification. This finding is in line with a recent pro-
spective study showing that the conversion rate for ER was
21% in local laboratories and 13% in a central laboratory
(38% relative reduction) and that the conversion rate for PR
was35%and28% in local andcentral laboratories, respectively
(i.e., 20% relative reduction) [25]. After correcting for
misclassification, less than3%ofprimary tumorandmetastatic
pairs showed a negative-to-positive receptor change. In con-
trast, 10.1% of patients had a positive-to-negative change in
ER and 26.1% of patients had a positive-to-negative change
in PR. These benchmark estimates have direct clinical im-
plications. Rebiopsy of recurrent and metastatic lesions may
render change in hormonal therapy and chemotherapy for
these patients. Studies have shown that 8%–17.5% of patients
with relapsed disease had changed their therapies based on
discordance in hormone receptors and human epidermal
growth factor receptor 2 (HER2) [25–27]. Although it is
technically feasible to conduct biopsy at metastatic sites,

approximately 20% of biopsies from metastases could not be
analyzed because of insufficient cells, especially biopsies done
with fine-needle aspiration and core biopsies from bone and
bone marrow [27]. In the situation that a metastatic lesion
cannot be evaluated, if the primary tumor is ERor PR negative,
the metastatic lesion is more likely to be ER or PR negative as
well, so chemotherapy rather than hormonal therapy can be
considered; if the primary tumor is ER positive, there is still
a possibility that the metastatic lesion is negative, so it is
important to evaluate whether the clinical course of the
disease (e.g., response to tamoxifen or aromatase inhibitors)
is consistent with ER-positive cancers.

To our knowledge, this study is the first investigation that
formally evaluated the impact of misclassification on discor-
dance inhormonereceptor statusbetweentwoprimarybreast
cancers or between primary cancers and recurrent or me-
tastatic lesions. A comprehensive meta-analysis was also con-
ducted to summarize discordance rates in ER and PR status
between primary cancers and recurrent or metastatic lesions,
using the literature published between 1979 and 2014. The
studydeveloped aBayesianmisclassification correctionmodel
that utilized paired tumor data to estimate the accuracy
of receptor assays. This study has several limitations. First,
the Bayesian misclassification model assumes that the

Figure 2. Meta-analysis of the proportion of estrogen receptor discordance by type of assay.
Abbreviations: CI, confidence interval; Prop., proportion.
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distributions of sensitivity and specificity of the two tumors
are the same; however, this may not be true in practice,
especially for distant metastatic lesions, for which fine-needle
aspiration is often used to biopsy metastasis, and biopsy
methods may affect the accuracy of receptor assessment. The
accuracy of receptor assays may also depend on pathological
departments and calendar year (measurement of ER and PR
may be improved over time). Second, the model we used can
help gauge the contribution of misclassification to overall
discordance at a population level, but we cannot pinpoint
which tumor is false negative or false positive.

CONCLUSION
This large, comprehensive study showed that a considerable
proportion of discordance in hormone receptor status can
be attributed to misclassification in receptor assessment,
although the accuracy of receptor assays was estimated to be
excellent. After correcting for misclassification, the study
provides a benchmark of breast cancer heterogeneity at a
population level, which calls for understanding of the
mechanism of tumor heterogeneity. In particular, we showed
that the discordance rate in receptor status between two
primary cancers was highest for metachronous contralateral
pairs and lowest for synchronous ipsilateral pairs. After
accounting for misclassification, biological discordance exists
between primary breast cancer and recurrent or metastatic

Figure 3. Meta-analysis of the proportion of progesterone receptor discordance by type of assay.
Abbreviations: CI, confidence interval; Prop., proportion.

Table 4. Posterior distribution of discordance in hormone

receptors of primary breast tumors and recurrent or

metastatic lesions

Hormone
receptor No.

Observed
discordance, %

Posterior
discordance,
% (95% CI)a

Estrogen
receptor

Overall
discordance

4,811 18.7 12.4 (9.9–14.8)

Negative to
positive

5.8 2.3 (0.9–3.7)

Positive to
negative

12.9 10.1 (8.6–11.6)

Progesterone
receptor

Overall
discordance

3,232 34.1 28.3 (25.6–31.2)

Negative to
positive

6.8 2.2 (0.8–4.0)

Positive to
negative

27.3 26.1 (24.1–28.1)

aPercentages of posterior discordances were the discordances adjusted
formisclassificationusingaBayesianMarkovChainMonteCarlomethod,
with prior sensitivity and specificity followingabdistributionwith a 95%
CI between 0.70 and 0.95.
Abbreviation: CI, credible interval.
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site, and there are more positive-to-negative switches in
receptor status than negative-to-positive switches.The clinical
implications of change from positive to negative could be
substantial and demand novel therapeutic approaches to
warrant rebiopsy. Moreover, misclassification in ER and PR
assayscannotbe ignoredandsuggests thatbiopsyofmetastatic
sites for ER and PR retesting may be recommended on a case-
by-case basis after considering the difficulty, cost, and side
effectsassociatedwith tissuebiopsy, inadditionto theprevious
status of ER and PR and response to endocrine therapy.
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For Further Reading:
Elsa Curtit,Virginie Nerich, LauraMansi et al. Discordances in Estrogen Receptor Status, Progesterone Receptor Status, and
HER2 Status Between Primary Breast Cancer and Metastasis. The Oncologist 2013;18:667–674.

Implications for Practice:
Discordance in estrogen receptor and progesterone receptor expression between the primary breast tumor and the
corresponding metastatic lesion was high (17% and 29%, respectively), whereas HER2 status remained stable (4% of
discordance). Previous chemotherapy, and specifically anthracycline-based chemotherapy, was associatedwith a switch in
estrogen receptor status. Further studies are warranted to confirm these data and to determine the interest of systematic
rebiopsy in themetastatic setting. In the era of amore personalized approach tomedicine and of genomic investigations of
tumors, reliable and recent evaluation of tumor prognostic and predictive factors remains a challenge.
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