
Clinical Oncology recommend that postmenopausal women “con-
sider incorporating AI therapy at some point during adjuvant treat-
ment, either as up-front therapy or as sequential treatment after
tamoxifen,” limit total AI exposure to 5 years and acknowledge that
the “optimal timing and duration of endocrine treatment remain
unresolved.”17(p3784) Alas, we have still not answered the pressing
questions of sequence and duration. Several clinical trials are seeking
to define the appropriate duration of adjuvant aromatase inhibition,
and those data are awaited eagerly.

The long-term follow-up data in the articles that accompany
this editorial and elsewhere2-4,12,14 testify to the long arc of hor-
mone receptor–positive breast cancer, confirm the enduring over-
all safety of tamoxifen and AIs, and provide reassurance that the
well-characterized major adverse events of therapy either stabilize
or resolve with cessation of treatment. The substantial near-term
successes of adjuvant chemotherapy and endocrine therapy have
shifted both the natural history and the dialogue in ER-positive,
early-stage breast cancer for oncologists and patients alike. The
issue of late recurrence— deep time for clinicians and survivors—
has emerged as a fundamental challenge. RCTs have shown equiv-
alence for either 5 years of AI treatment or a sequenced regimen of
tamoxifen followed by an AI for a total of 5 years.13,18 For women
who receive AI-based adjuvant treatment, it remains unclear
whether a longer program of extended therapy with an AI beyond
5 years of initial adjuvant treatment will outperform a shorter
5-year course of adjuvant endocrine therapy. Progress in the deep
time problem of early-stage breast cancer will depend on answer-
ing the long and the short of that question.
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Lost in Translation? Estrogen Receptor Status and
Endocrine Responsiveness in Breast Cancer
Nadia Harbeck, University of Munich, Munich, Germany
Achim Rody, University of Homburg/Saar, Homburg/Saar, Germany

See accompanying article on page 729

The question of when breast cancer is really estrogen receptor
(ER) positive and endocrine responsive has troubled clinicians since
the discovery of ER, but the issue is made even more acute by the fact

that we can therapeutically alter the fate of some ER-positive breast
cancers. Application of such therapies could be one size fits all, except
that whereas endocrine therapy is generally considered to be well
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tolerated, it can have an impact on quality of life, and specific adverse
effects can even be life threatening. Thus, the optimal selection of
patients for endocrine therapy depends on the appropriate integration
of several factors. First, an accurate determination of receptor status is
necessary; second, an assessment of the overall risk-to-benefit ratio for
treatment in individual patients; and third, possibly an understanding
of the degree of positivity.

This leads us to ask where the real threshold for ER positivity
lies, and what is the optimal method of ER assessment? This, in
turn, raises simple but important questions about the reliability
and consistency of ER testing. Regan et al1 demonstrated in tumor
samples from International Breast Cancer Study Group (IBCSG)
trials VIII and IX (571 premenopausal patients; 976 postmeno-
pausal patients) that concordance of hormone receptor status by
immunohistochemistry and by enzyme-linked immunosorbent
assay ranged between 74% (progesterone receptor [PR]) and 88%
(ER). Karn et al2 demonstrated a concordance of 93% between ER
expression (cutoff definition by bimodal distribution curve) and
ER status in 3,030 U133A microarrays (Affymetrix, Santa Clara,
CA) from breast cancer samples with known immunohistochem-
ical or biochemical ER status. Harvey et al3 showed, in tumors with
low ER expression (1% to 10%), that immunohistochemical recep-
tor assessment indicates a more favorable disease-free survival than
the ligand-binding assay. Immunohistochemistry thus seems to be
superior to biochemical determination, but the question remains
whether this is merely attributable to methodologic issues or also to
different underlying biologic properties. On the basis of these and
similar data, most current guidelines set the threshold for endo-
crine responsiveness at ER expression of 1% or greater.4,5 How-
ever, this does not address the variable treatment sensitivity of
tumors that are above the threshold for positivity. In other words,
a positive result is not an assurance of treatment sensitivity.

Whether and to what extent our definitions of positive or nega-
tive steroid hormone receptor status also reflect the biologic reality of
endocrine responsiveness is questionable, because prospective data
from clinical trials addressing this narrow but important issue do not
exist. This is especially true for the small subgroup of low ER-
expressing tumors, for which it seems that ER as a single marker loses
its prognostic strength. Here, it may be particularly useful to add
methods (eg, reverse transcriptase polymerase chain reaction) and
complementary markers (eg, gene signatures or urokinase-type plas-
minogen activator/plasminogen activator inhibitor type 1) to enable a
more accurate determination of the marker itself or to redefine endo-
crine responsiveness, given that the risk-to-benefit ratio for treatment
in such patients is narrowed.

Even in higher risk cohorts (usually defined anatomically), breast
cancer heterogeneity continues to pose a major problem, both in
terms of our biologic understanding of the disease and in terms of our
ability to predict outcome (prognosis) as well as therapeutic benefits
(prediction). Conventional parameters such as ER, PR, human epi-
dermal growth factor receptor 2, nodal status, tumor size, and grade
provide important additional information. Yet global molecular tech-
niques such as gene expression analysis have fundamentally changed
our understanding of the disease.6 We even expect that newer tech-
niques will be added in the near future, such as next-generation se-
quencing. By identifying an intrinsic gene signature, ER-positive
breast cancers can be classified into different prognostic subtypes.
Sotiriou et al7 showed that the search for subgroups provides impor-

tant additional insights: Breast cancers with intermediate histopatho-
logic grade can be divided with about half of the tumors expressing
molecular markers associated with well-differentiated carcinomas and
the remaining tumors expressing markers of poor differentiation. This
subdivision is essentially accomplished by proliferation markers. Loi
et al8 showed that using a genomic grade index, ER-positive molecular
subgroups can be defined that are closely related to luminal A and B
tumors. Furthermore, Creighton et al9 showed that the subgroup of
ER-positive, PR-negative breast cancer can also be subdivided by gene
expression analysis: Some tumors displayed a gene expression profile
associated with either double-positive or double-negative tumors,
and many had similarities with luminal B tumors. By applying
proliferation-associated markers, ER-positive breast cancers can be
subdivided into clinically highly relevant prognostic subgroups, al-
though the predictive value (in terms of treatment response) re-
mains unclear.

In the article that accompanies this editorial, Iwamoto et al10

attempt to further define the endocrine responsiveness of low ER-
expressing (1% to 9%) early breast cancers. In the largest series pub-
lished to date (n � 465), they demonstrate the use of gene expression
analysis; in those low ER-expressing breast cancers (n � 25), at least a
quarter showed ESR1 mRNA expression, almost half were basal-like,
and approximately 10% had luminal B characteristics by molecular
definition (using the Prediction Analysis of Microarray [PAM50] clas-
sifier). None of these tumors showed now-classical features of luminal
A tumors. Overall survival of the 1% to 9% ER-positive tumors ranged
between those with � 10% ER and the ER-negative tumors. More-
over, the authors applied the genomic index of sensitivity to endocrine
therapy11 (SET; 165 marker genes associated with ER expression) and
showed that all tumors with ER 1% to 9% staining had low predicted
endocrine sensitivity. Given the fact that SET was identified from
genes coexpressed with ER, it seems likely that low ER and low ER
expression also predict with high probability nonresponse to endo-
crine therapy using SET. SET was identified in patient cohorts that had
received tamoxifen alone or subsequent to chemotherapy. Unfortu-
nately, the clinical data from this retrospective single-center study does
not allow more advanced treatment interaction analyses with respect
to endocrine responsiveness, given that only 16% (n � 4) of the
patients with 1% to 9% ER received adjuvant endocrine therapy.
Using PAM50, 32% of the tumors were assigned to the human epider-
mal growth factor receptor 2 subgroup and 8% to the luminal B
subgroup, and 12% were normal-like. Unfortunately, not enough
clinical information is available regarding prediction of the treatment
effect for these subtypes. For some molecular subtypes, the predictive
value of an intrinsic gene signature has been investigated for response
to neoadjuvant chemotherapy,12,13 but data regarding differential re-
sponsiveness of intrinsic subtypes to endocrine therapy are still
lacking. To date, the most important predictive discriminator in
ER-positive breast cancer seems to be proliferative activity, which
Iwamoto et al10 only indirectly assessed by intrinsic subtype analysis
using PAM50. Clinically, it would be interesting to know whether
molecular testing by recurrence score,14 which is only validated for
ER-positive breast cancer, provides additional information in tumors
with 1% to 9% ER expression.

Unfortunately, prospective data regarding treatment efficacy in
breast cancers with low (1% to 9%) ER expression are not available.
IBCSG demonstrated by Subpopulation Treatment Effect Pattern Plot
analysis in Trial IX that postmenopausal women with node-negative
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disease and ER concentrations of less than 10 fmol/mg cytosol protein
substantially benefitted from adjuvant chemotherapy in addition to
tamoxifen.15 Khoshnoud et al16 recently reanalyzed the Stockholm
Adjuvant Tamoxifen Trial comparing immunohistochemical with
biochemical ER determination in a low-risk group; the 1% to 9%
ER-positive subgroup (n � 7) was too small for statistical analysis. In
a recent meta-analysis, the Early Breast Cancer Trialists’ Collaborative
Group demonstrated that tamoxifen was ineffective in tumors with
low ER expression (� 10 fmol/mg). Above this cutoff, however, sig-
nificant therapy efficacy was seen, but additional determination of PR
expression yielded no additional information for prediction of benefit
from endocrine therapy.17 In a recent issue of Journal of Clinical
Oncology, Welsh et al18 identified a subgroup of immunohistochemi-
cally ER-negative tumors that were ER positive by quantitative immu-
nofluorescence and were associated with an outcome comparable
with immunohistochemically ER-positive tumors. In the correspond-
ing editorial, Wolff and Dowsett19 stated that immunohistochemistry
as the standard method of determining ER expression is not really

standardized and that comparison of different methods is not infor-
mative in the establishment of a unique threshold value. The recent
American Society of Clinical Oncology/College of American Patholo-
gists testing algorithm, however, provides an important methodologic
basis for clinical decision making.20

Overall, the empirical data suggest that there is no clear, method-
ologically consistent threshold for ER expression but rather a biologic
threshold for ER expression associated with endocrine responsiveness.
Furthermore, this threshold for responsiveness may be better deter-
mined by assessing molecular characteristics and properties than by
mere quantification of ER expression. Beyond the known variation in
routine methodology for ER assessment, this could be a sufficient
explanation for the clinical observation of those few patients with low
levels of ER expression who benefit from endocrine therapy, such as
those with immunohistochemically ER-positive levels of 1% to 9%.
Biology matters, and it is more than simply expression of ER.

In summary, Iwamoto et al10 have taken us another important step
beyondapurelydescriptivebreastcancerdefinitionandtowardtheuseof
more biologically defined subtyping. Because of the small sample size and
the lack of informative clinical data, their results can currently be consid-
ered as hypothesis generating. Despite their molecular findings, the au-
thorsstillcautiouslyandappropriatelyrecommendendocrinetherapyfor
this subgroup. In principle, their retrospective results would now need to
be validated prospectively, particularly with regard to clinical endocrine
responsiveness. Yet, given the small percentage of low ER-positive breast
cancers and the practice-changing molecular subtype paradigm, we may
not be able to afford to move forward with such small steps. We should
instead use this evidence to design trials today that will help to answer
tomorrow’s questions. Considering the accelerating rate of progress in
biologic breast cancer subclassification (Fig 1), we should learn as much
from past experience as possible to apply today’s molecular findings to
forward-looking trials and subsequently to modern therapy concepts.
Refined requirements for obtaining high-level evidence from retrospec-
tive data analysis have already been put forward for biomarker develop-
ment.21ThethoroughcorrelationanalysesbyIwamotoetal,togetherwith
otherretrospectivedatasets,maythusremainthebest foundationregard-
ing ER-low breast cancers that we will be able to efficiently generate.

Today, breast cancer heterogeneity needs to be elucidated using
modern molecular biologic techniques that are already available22 and
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then addressed by innovative clinical trial concepts. In ER-positive
breast cancer, we need to get past the era of large trials that compare
treatment A versus B in unselected cohorts and instead perform
practice-changing trials that tailor therapy to the biology of luminal A
and B tumors, for instance.23 Perhaps even in vivo assessment of
endocrine responsiveness will be required to augment baseline assess-
ment, such as was already implemented in the American College of
Surgeons Oncology Group Phase II/III Randomized Study of Neoad-
juvant Therapy Comprising Exemestane Versus Letrozole Versus
Anastrozole in Postmenopausal Women With Estrogen Receptor
Positive Stage II or III Breast Cancer (ACOSOG Z1031 trial), the
POETIC study, and the Adjuvant Dynamic Marker-Adjusted Person-
alized Therapy (ADAPT) trial optimizing risk assessment and therapy
response prediction in early breast cancer (Fig 2).

Together with our patients, we need vision and courage to em-
bark on a journey toward such yet unknown destinations, always
carefully weighing evidence as well as risks and benefits. The present
study provides even more confirmation that this is important.
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