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ABSTRACT

Discordance in estrogen receptor and human epidermal
growth factor receptor 2 receptor status between the
primary tumor and recurrence is frequently reported in
the literature. This is frequently interpreted as evidence
for a change in the biology of breast cancer during the
course of the disease. This commentary discusses some
of the caveats of this interpretation. Discordant recep-
tor results can be caused by any of 3 factors: (a) a gen-
uine switch in the biology of the disease, (b) sampling
error in focally receptor-positive cancers, and (c) lim-
ited accuracy and reproducibility of receptor assays.
The relative contribution of each of these factors to
discordant results is unknown. A switch in molecular
class between primary and recurrent cancer (or re-
sidual cancer after therapy) appears to be a rare
event based on the available limited molecular profil-
ing data. Small pockets of strongly focally receptor-
positive tumor nests in a larger receptor-negative

cancer are also relatively infrequently seen. Discor-
dance resulting from inherent limitations in assay re-
producibility is evident from the frequently
discordant receptor results even when the same sam-
ples are assessed in different laboratories (e.g., cen-
tral versus local laboratory). A repeat tumor biopsy is
clearly justified when it is suspected, on clinical
grounds, that the original receptor results may have
been false negative or when the diagnosis of meta-
static disease is in question. However, routine repeat
biopsy for receptor re-evaluation does not necessarily
improve diagnostic accuracy and have a potential to
harm through a false-negative result. For patients
with clinical courses consistent with hormone respon-
siveness, or with prior positive hormone receptor re-
sults, a course of endocrine therapy is reasonable
regardless of the most recent hormone receptor assay
result. The Oncologist 2010;15:1164–1168

BACKGROUND

Breast cancer biopsies of local or distant recurrences often
yield estrogen (ER), progesterone receptor (PR), and hu-

man epidermal growth factor receptor (HER)-2 results dis-
cordant from the original primary tumor specimen [1–11].
Discordance rates are in the range of 10% to 35%–40% and
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are also reported in studies that examine circulating tumor
cells or serial biopsies during therapy [1–14]. These results
are often interpreted as “true” alterations in receptor status
and linked to changes in tumor biology. Frequently evoked
biological explanations for changes in receptor status in-
clude: (a) intratumor heterogeneity (i.e., sampling error),
(b) clonal selection, and, (c) variable ER-lineage differen-
tiation of a putative disseminated breast cancer stem cell
during the course of the disease [15].

High-throughput gene expression and comparative
genomic hybridization studies revealed large-scale molec-
ular differences between ER� and ER� cancers, and to a
lesser extent between HER-2� and HER-2�, cancers [16,
17]. The limited amount of data that currently exists sug-
gests that these large-scale genomic features of breast can-
cers remain stable during the course of the disease [18–20].
However, this does not preclude the possibility of acquiring
smaller scale genomic changes such as mutations and alter-
ations in the expression of individual genes during the evo-
lution of the disease [21]. Although changes in receptor
expression are biologically possible, the purpose of this pa-
per is to draw attention to an important technical explana-
tion for discordance in receptor status between primary and
recurrent tumors.

ESTIMATED ER DISCORDANCE RATES RESULTING

FROM TECHNICAL VARIABILITY IN

REPEATED MEASUREMENTS

Any two measurements of the same variable are expected to
yield discordant results unless the method is 100% accurate
and perfectly reproducible. Unfortunately, immunohisto-
chemistry-based determination has unknown accuracy, be-
cause of the lack of an independent gold standard method to
establish ER status. However, we know that current meth-
ods have less than perfect technical reproducibility. Vari-
able staining results are a result of differences in tissue
fixation, antigen retrieval, and staining methods [22–25].
Subjective scoring of results also contributes to less than
perfect interobserver reproducibility. False-negative rates
for ER status (relative to a reference laboratory) could be as
high as 60%, even when the same specimens are analyzed
by different laboratories [22]. The length of fixation can
have a profound influence on ER positivity rates: some
strongly ER� tumors can become completely negative if
the fixation time is reduced [25]. Despite important quality
control initiatives, ER and HER-2 determinations remain
variable in routine clinical practice even today [26, 27].

A simple statistical rule of combining probabilities
gives an estimate of expected concordance rates based on
correctly classified cases when the same assay is repeated
on the same cohort of specimens and the misclassification

error is assumed to be random: concordance � accuracy �
accuracy. Therefore, a 90% accurate test that correctly
identifies the true receptor status 90% of the time would
yield 81% (0.9 � 0.9) concordance when repeated a second
time on the same cases. Nineteen percent of receptor as-
signments would be discordant by chance alone. A greater
technical discordance rate is expected if the original and re-
peat measurements use different methods and have differ-
ent accuracies. For example, if the first test is 80% accurate
and the second is 95% accurate, the expected discordance
rate is 24%. The limited reproducibility of ER, PR, and
HER-2 results across laboratories when the same samples
are retested indicates that the technical variability of these
assays is substantial. This certainly contributes to the dis-
crepant receptor results reported in the literature. It is also
important to recognize that, if the measurement error is not
random but a result of a bias inherent to the sample (i.e.,
inappropriate preanalytical processing), the concordance
rate would be higher but the diagnostic accuracy would not
improve by repeating the assay because the same cases
would be misclassified repeatedly.

Importantly, even if the most recent measurement is
more accurate than the first assay, a discordant result does
not necessarily indicate any real change in the biology of
the disease. Unfortunately, a more recent measurement
does not necessarily imply a more accurate test, particularly
in hospital case series and retrospective chart reviews. In
these instances, high rates of discordant results are expected
because of the time differences between the two measure-
ments. This often implies that different laboratories may
have performed the assays using different preanalytical and
staining procedures, and different pathologists have inter-
preted the results. These technical confounders are even
more relevant in studies that examine receptor status con-
cordance between circulating tumor cells and primary tu-
mors because of the entirely different tissue sampling,
fixation, and measurement methods that are applied to these
specimens. Performing simultaneous repeated receptor
measurement on the original primary tumor specimen and
the repeat biopsy can minimize some of the analytical vari-
ability (e.g., antigen retrieval and staining method and scor-
ing) but still cannot adjust for preanalytical variables (e.g.,
tissue handling before fixation and quality and length of fix-
ation).

CLINICAL IMPLICATIONS

An important clinical question is whether or not a single re-
peat biopsy would improve diagnostic accuracy in terms of
establishing the “true” receptor status of a recurrent cancer.
If the original and repeat assay have similar sensitivities,
specificities, and overall accuracies, the diagnostic preci-
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sion will not improve (Fig. 1). The same number of cases
will be misclassified during the second biopsy as during the
first. A repeat measurement with an assay that has 90% sen-
sitivity and specificity will correctly identify about 90% of
cases that were incorrectly assigned to a negative status dur-
ing the first time but will also misclassify 10% of the orig-
inally correctly assigned positive cases. The diagnostic
conundrum is that considering only the two separate test re-
sults, one cannot determine whether the first or the second
measurement is correct.

The utility of the repeat measurement changes if (a) the
second assay is more accurate or (b) the cases that were
most likely to be misclassified during the first test can be
selectively identified for repeat testing. If a quality control
problem is identified during the initial testing process, re-
peating the assay is necessary. Repeating hormone receptor
measurements if the clinical course of the disease is not
consistent with the typical biological behavior of ER� can-
cers (i.e., suspected false negative) is also appropriate. Sim-
ilarly, if the diagnosis of metastatic disease is in question, a
diagnostic biopsy is essential. Table 1 lists unequivocal in-
dications for repeat tumor biopsies.

An important caveat against routine repeat measure-
ments of receptor status on all recurrent breast cancers
needs to be considered. All studies show that patients with
an ER� recurrence when the primary tumor was ER� have
shorter survival than patients with a concordant ER� recur-
rence [3, 6–8]. This is often interpreted as proof that the
biology of the disease has changed for the worse. However,
shorter survival for patients with ER� cancer on a second
biopsy is expected without any change in tumor biology. If
the ER status of the primary tumor was false positive and
the second biopsy is correct, these truly ER� patients are
expected to have a worse prognosis than appropriately
treated ER� patients. If the repeat measurement is a false-
negative ER result that leads to withholding endocrine ther-
apy from a truly ER� cancer patient, this will again result in
an outcome inferior to that of properly treated patients with
ER� cancers. In a large institutional series in which repeat
ER measurements were performed on metastatic cancer,
80% of the patients with an ER� recurrence received endo-
crine therapy, compared with 12% of those with an ER� re-
currence (p � .0001), even though in this latter group 46%
had an ER� primary tumor [8]. The potential for denying
endocrine therapy because of a false-negative ER result on
a second biopsy is troubling and should dampen enthusiasm
for routine receptor evaluation on every patient, most nota-
bly when one positive result already exists.

It could be argued that this mistake is offset by the ben-
efit of identifying potentially endocrine-sensitive cancers
that were originally falsely labeled as ER�. Indeed, some

studies report a better outcome for such patients than for pa-
tients with consistently receptor-negative cancers [7]; how-
ever, other studies have not observed a better outcome in
this cohort [8]. Patients with ER� primary tumors who have
ER� cancers on repeat biopsy include some false-positive
cases that would not benefit from endocrine therapy and
some true positive cases who may. The relative contribu-
tions of these two types of result may influence the power of
a retrospective analysis to show differences in outcome. In
one study, a time-dependent effect was observed that may
explain the conflicting reports. Patients with ER� primary
tumors who had an ER� recurrence within 1 year of diag-
nosis had the same poor survival as patients with ER� pri-
mary tumors, whereas those who had an ER� recurrence at

Figure 1. Expected concordance rate when the same assay is
repeated on the same patient cohort. In this example, the test
has 90% sensitivity and specificity (overall accuracy of 90%),
the measurement error is random, and the test is applied to 160
tumors. Cases in the boxes represent discordant results be-
tween two measurements: 9 � 9 � 5 � 5 � 28, corresponding
to a 17.5% discordance rate. After the second test, the same
number of cases remain false negative or false positive as after
the first test, n � 10 (cases underlined), resulting in no overall
improvement in diagnostic accuracy. If repeat testing is limited
only to the false-negative cases of the first test, the discordance
rate would be high (90%) but the overall diagnostic accuracy
would improve substantially.

Abbreviation: ER, estrogen receptor.

Table 1. Recommendations for repeat tumor biopsy

Indication Purpose of biopsy

Solitary metastasis Establish diagnosis of atypical
metastatic lesions

Unusual clinical coursea Establish diagnosis and
confirm receptor status for
estrogen receptor negative
cancer

Research Obtain tissue for molecular
analysis

aFor example, late relapse, indolent course, bone only
metastatic disease.
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a later time had longer survival than patients with consis-
tently ER� cancers [3]. These observations do not prove,
but are consistent with, the possibility that the majority of
receptor results were false positive in the early recurrence
cohort, whereas the second cohort was enriched for true
ER� cases that were false negative at the time of the first
biopsy.

CONCLUSION

In summary, a discordance in receptor status between the
primary tumor and recurrence is a result of a combination of
at least three factors: (a) limited accuracy and reproducibil-
ity of receptor assays, (b) sampling error in focally recep-
tor-positive cancers, and (c) a genuine switch in the biology
of the disease. The relative contribution of each of these
factors to the overall discordance rate is unclear. Discor-
dance resulting from the inherent technical limitations of
the assays is common and is evident from the frequently
discordant results obtained on the same samples assessed in
different laboratories. Sampling error resulting from focal
positivity is less common because cancers with small pock-
ets of focally ER� (or PR� or HER-2�) tumor nests are rel-
atively infrequent. A change in ER status resulting from a
switch in the molecular class of breast cancer appears to be
a rare event based on the available gene expression data.
Repeat biopsy for receptor re-evaluation does not necessar-
ily improve the diagnostic accuracy and has the potential to

harm through a false-negative result. However, careful se-
lection of patients to enrich for those who are most likely to
have false-negative results in the primary tumor can result
in a potential clinical benefit. As a practical hint for pathol-
ogists who perform ER and/or HER-2 assessment for a re-
current tumor, we suggest repeating the test simultaneously
on both the primary and recurrent tumor specimens, and
also considering using a confirmatory test (e.g., a fluores-
cence in situ hybridization assay for HER-2 or an mRNA-
based measurement for ER) in cases of discordant results
before rendering the final diagnosis. Though this policy
will not completely eliminate false-positive and false-neg-
ative results (because of preanalytical variables), it can re-
duce the technical discordance rate. Finally, clinical
judgment remains important. For patients with clinical
courses consistent with hormone receptor–positive breast
cancer, or with prior positive hormone receptor results, a
course of endocrine therapy is reasonable regardless of the
most recent hormone receptor assay result.
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