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The estrogen receptor (ER) pathway plays a pivotal role in breast cancer development and
progression. Endocrine therapy to block the ER pathway is highly effective, but its usefulness is
limited by common intrinsic and acquired resistance. Multiple mechanisms responsible for
endocrine resistance have been proposed and include deregulation of various components of
the ER pathway itself, alterations in cell cycle and cell survival signaling molecules, and the
activation of escape pathways that can provide tumors with alternative proliferative and survival
stimuli. Among these, increased expression or signaling of growth factor receptor pathways,
especially the EGFR/HER2 pathway, has been associated with both experimental and clinical
endocrine therapy resistance. New treatment combinations targeting both ER and growth factor
receptor signaling to block the crosstalk between these pathways and eliminate escape routes
have been proven highly effective in preclinical models. Results of recent clinical studies, while
partly supporting this approach, also highlight the need to better identify a priori the patients
whose tumors are most likely to benefit from these specific cotargeting strategies.
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(ER) pathway plays a pivotal role in breast cancer development and progression. Endocrine
therapy to block the ER pathway is highly effective, but its usefulness is limited by common
intrinsic and acquired resistance. Multiple mechanisms responsible for endocrine resistance
have been proposed and include deregulation of various components of the ER pathway itself,
alterations in cell cycle and cell survival signaling molecules, and the activation of escape
pathways that can provide tumors with alternative proliferative and survival stimuli. Among these,
increased expression or signaling of growth factor receptor pathways, especially the EGFR/
HER2 pathway, has been associated with both experimental and clinical endocrine therapy
resistance. New treatment combinations targeting both ER and growth factor receptor signaling
to block the crosstalk between these pathways and eliminate escape routes have been proven
highly effective in preclinical models. Results of recent clinical studies, while partly supporting
this approach, also highlight the need to better identify a priori the patients whose tumors are
most likely to benefit from these specific cotargeting strategies.INTRODUCTIONThe name
endocrine therapy is given to those breast cancer treatments that target the estrogen receptor
(ER) by blocking receptor binding with an antagonist or by depriving the tumor of estrogen. The
ER, which has nuclear (genomic) and nonnuclear (nongenomic) functions, is the major driver in
the majority of breast cancers. It is expressed in 75% of breast cancers overall, with its detection
being slightly more frequent in tumors from postmenopausal women and less in younger women
(1). ER expression is related to patient age and correlates with lower tumor grade, lower tumor
proliferation, less aneuploidy, less frequent amplification of the c-erbB2 (HER2) oncogene and
concomitant loss of the p53 tumor suppressor gene, positive expression of progesterone
receptor (PR), metastases (preferentially to soft tissue and bone), and slower rates of disease
recurrence (1–3). It is not related to initial nodal metastases, and thus it does not correlate with
long-term disease recurrence and death after primary therapy (3).These clinical factors, along
with ER expression itself, are used to make treatment decisions in patients, especially those with
metastatic disease. In some cases, multigene tests are performed on the primary breast tumor
to assist in adjuvant therapy decision making and to distinguish which patients might benefit
most from a combination of endocrine therapy plus chemotherapy, rather than endocrine
therapy alone. The 21-gene and 70-gene profiles can classify ER-positive tumors according to
their aggressiveness, risk of recurrence, and likelihood of benefiting from adjuvant endocrine or
chemotherapy (4, 5). The stratification of ER-positive tumors on this basis indicates that some



tumors are more resistant to endocrine therapy than others, despite expressing ER. In general,
patients are more likely to benefit from endocrine therapy and less (if at all) likely to benefit from
chemotherapy if their tumors have high levels of ER and PR, are negative for HER2
amplification, are slowly proliferating, are lower grade histologically, and have low-risk 21-gene
or 70-gene profile scores. In contrast, patients with ER-positive tumors that are more aggressive,
morphologically and genetically, are less likely to benefit from endocrine therapy, although there
are exceptions. Additional recent molecular profiling studies have stratified ER-positive tumors
into luminal A and luminal B subtypes. The more aggressive and endocrine-resistant tumors
largely overlap with the luminal B subtype, whereas the more indolent and endocrine-responsive
tumors generally correspond to the luminal A subtypes. Currently, however, no tests exist that
can predict resistance to endocrine therapy with certainty, although tumors with absent ER and
PR rarely respond. Most patients with ER-positive primary tumors are, therefore, treated with
endocrine adjuvant therapy, whereas cases of ER-positive metastatic disease are treated with
endocrine therapy initially and serially until the tumor demonstrates independence from
estrogen.Endocrine therapy is the most effective treatment for ER-positive metastatic breast
cancer, but its effectiveness is limited by high rates of de novo resistance and resistance
acquired during treatment. Only ∼30% of patients with metastatic disease have objective
regression of tumor with initial endocrine treatment, and another 20% have prolonged stable
disease. Thus, ER is not the only survival pathway driving most of these tumors, and escape
pathways when ER is targeted are already functioning or begin to function during
treatment.Understanding the pathways responsible for resistance in the metastatic setting may
provide important clues to the mechanisms of resistance to adjuvant endocrine therapy given
before or after primary surgery to eradicate distant micrometastases. Treatment in this setting is
much more effective; the risk of recurrence is reduced by as much as 60% with estrogen
deprivation therapies using aromatase inhibitors in postmenopausal women (6, 7).
Unfortunately, biopsying patients with metastatic disease in the lung, bone, or liver is difficult and
can be associated with high morbidity rates. However, such tissue is crucial for the molecular
profiling of resistant tumors in order to understand escape pathways. Despite these challenges,
progress is being made in understanding potential mechanisms of resistance. The advances
come largely from preclinical models of endocrine resistance as well as a greater understanding
of the molecular mechanisms by which estrogen works to stimulate the growth of the
tumor.MECHANISM OF ESTROGEN ACTION
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with lower tumor grade, lower tumor proliferation, less aneuploidy, less frequent amplification of
the c-erbB2 (HER2) oncogene and concomitant loss of the p53 tumor suppressor gene, positive
expression of progesterone receptor (PR), metastases (preferentially to soft tissue and bone),
and slower rates of disease recurrence (1–3). It is not related to initial nodal metastases, and
thus it does not correlate with long-term disease recurrence and death after primary therapy
(3).These clinical factors, along with ER expression itself, are used to make treatment decisions
in patients, especially those with metastatic disease. In some cases, multigene tests are
performed on the primary breast tumor to assist in adjuvant therapy decision making and to
distinguish which patients might benefit most from a combination of endocrine therapy plus
chemotherapy, rather than endocrine therapy alone. The 21-gene and 70-gene profiles can
classify ER-positive tumors according to their aggressiveness, risk of recurrence, and likelihood
of benefiting from adjuvant endocrine or chemotherapy (4, 5). The stratification of ER-positive
tumors on this basis indicates that some tumors are more resistant to endocrine therapy than
others, despite expressing ER. In general, patients are more likely to benefit from endocrine
therapy and less (if at all) likely to benefit from chemotherapy if their tumors have high levels of
ER and PR, are negative for HER2 amplification, are slowly proliferating, are lower grade
histologically, and have low-risk 21-gene or 70-gene profile scores. In contrast, patients with ER-
positive tumors that are more aggressive, morphologically and genetically, are less likely to
benefit from endocrine therapy, although there are exceptions. Additional recent molecular
profiling studies have stratified ER-positive tumors into luminal A and luminal B subtypes. The
more aggressive and endocrine-resistant tumors largely overlap with the luminal B subtype,
whereas the more indolent and endocrine-responsive tumors generally correspond to the
luminal A subtypes. Currently, however, no tests exist that can predict resistance to endocrine
therapy with certainty, although tumors with absent ER and PR rarely respond. Most patients
with ER-positive primary tumors are, therefore, treated with endocrine adjuvant therapy, whereas
cases of ER-positive metastatic disease are treated with endocrine therapy initially and serially
until the tumor demonstrates independence from estrogen.Endocrine therapy is the most
effective treatment for ER-positive metastatic breast cancer, but its effectiveness is limited by
high rates of de novo resistance and resistance acquired during treatment. Only ∼30% of
patients with metastatic disease have objective regression of tumor with initial endocrine
treatment, and another 20% have prolonged stable disease. Thus, ER is not the only survival
pathway driving most of these tumors, and escape pathways when ER is targeted are already
functioning or begin to function during treatment.Understanding the pathways responsible for
resistance in the metastatic setting may provide important clues to the mechanisms of
resistance to adjuvant endocrine therapy given before or after primary surgery to eradicate
distant micrometastases. Treatment in this setting is much more effective; the risk of recurrence
is reduced by as much as 60% with estrogen deprivation therapies using aromatase inhibitors in
postmenopausal women (6, 7). Unfortunately, biopsying patients with metastatic disease in the
lung, bone, or liver is difficult and can be associated with high morbidity rates. However, such



tissue is crucial for the molecular profiling of resistant tumors in order to understand escape
pathways. Despite these challenges, progress is being made in understanding potential
mechanisms of resistance. The advances come largely from preclinical models of endocrine
resistance as well as a greater understanding of the molecular mechanisms by which estrogen
works to stimulate the growth of the tumor.MECHANISM OF ESTROGEN ACTIONAll biological
networks have similar characteristics. In order to provide important functions in normal cells
under a variety of conditions and stress factors, as well as to keep the cell alive, these networks
must be complex with multiple levels of regulation, fine tuning capabilities, redundancy, and
evolvability. Collectively these features allow the cell to adapt to cellular stress, toxins, and
potentially hostile environments. Cancer cells exploit these normal functions, which are often
altered genetically during oncogenesis, to provide them with a survival advantage and the ability
to escape the effects of treatment. The ER signaling pathway is an example of a complex
biological pathway that controls a variety of functions, such as cell proliferation, apoptosis,
invasion, and angiogenesis, and is exploited by breast cancer cells to serve as a major survival
pathway driven by the female hormone estrogen (Figure 1).
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