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ABSTRACT

Despite marked progress in outcomes for women with early stage breast cancer, unmet challenges
persist. These include accounting for the cohort of tumors that do not have favorable clinical outcomes
related to tumor heterogeneity, particularly the variation within the subset of ER positive breast cancer;
better treatments for subsets where existing therapies are not fully effective; and the development of
biomarkers to predict response or need for ongoing treatment. Beyond these tumor-related factors, there
is persistent need for focus on improving the patient's experience of treatment — avoiding unnecessary
therapy, and providing better supportive care so as to minimize side effects and social and economic
disruption caused by treatment. For clinical investigators, the improved prognosis for early stage breast
cancer has meant that large sample sizes of subjects are needed for prospective clinical trials with cancer
outcome endpoints. As a consequence, the scale of clinical research enterprises has become enormous,
too often unsupportable without industry or government resources. Finally, as breast cancer is a global
health concern, there is an urgent need to assure that screening and treatment are available to women
around the world so that the progress achieved in developed countries can reach billions of women
everywhere on earth.

© 2021 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

The past 25 years have seen steady improvement in the out-
comes for women with early stage breast cancer. Data from the
United States indicate that the incidence rate for breast cancer has
been remarkably constant since the 1990s; however, the mortality
rate has declined nearly 40% over that time span [1]. These gains in
survival at the population level are largely attributed to two ini-
tiatives in early stage breast cancer: the implementation of wide-
spread screening mammography, and improvements in systemic
therapy for early stage breast cancer. Despite such progress, there
are many unmet challenges in systemic therapy for early stage
breast cancer.

1. Biological variation in breast cancers

Tumor heterogeneity accounts for much of the difference in
outcomes among women diagnosed with early stage breast cancer.
This variation includes classic subtypes of breast cancer — ER pos-
itive, HER2 positive, and triple-negative tumor types — each with
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its own natural histories and treatment opportunities. But it also
describes variations between any two cancers, including those
within the same histological subtype. Between 5 and 10% of all
breast cancers arise from hereditary genetic predisposition, and
increasingly, we are testing breast cancer patients for deleterious
mutations that indicate unique origins for their tumors [2]. Beyond
the inherited genome, tumors themselves possess marked varia-
tion in DNA alterations, including mutations, truncations, deletions,
and amplifications, which are both clustered by tumor subtype (for
instance, ER positive or HER2 positive) but unique to a given cancer
[3]. Finally, within tumor subtypes, variations in the patterns of
gene expression, as measured by RNA expression signatures, attest
to the differences from one breast cancer to another [4]. Super-
imposed on these genetic and genomic variations between breast
cancer are traditional clinical factors such as tumor stage and grade,
which retain independent prognostic significance even in the era of
molecular characterization of breast cancer [5].

The clinical consequence of this variation in stage and tumor
biology is that each individual patient with breast cancer is unique,
with a prognosis defined by molecular variations in the tumor, the
stage at presentation, and the clinical treatment options. Yet our
treatment algorithms and approaches capture only some of that
uniqueness. As our ability to individualize treatment based on stage
and biology becomes progressively more refined, we have less and
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less data on how, exactly, to care for an individual patient and their
cancer. Integrating this extensive and granular data in future clin-
ical trials will be essential to improving systemic therapy for a given
patient.

2. Clinically challenging tumor subsets

Some clinical subsets of breast cancer remain particular chal-
lenges in modern management. One such subset is luminal B breast
cancers, ER positive tumors harboring higher grade features, higher
scores on measures of proliferation such as Ki67, with lower levels
of hormone receptors, which are typically less responsive to
endocrine therapy in the adjuvant setting [6], and often merit neo/
adjuvant chemotherapy. Despite the widespread use of chemo-
therapy and endocrine therapy in the treatment of such tumors, the
outcomes remain, on average, less favorable than with luminal A
cancers (lower grade, lower measures of proliferation such as Ki67,
with higher levels of hormone receptors), treated with endocrine
therapy alone. That is, even though luminal B cancers are treated
with chemotherapy, chemotherapy does not ‘normalize outcomes’
in this tumor group or compensate to equalize their natural history
[7].

Chemotherapy is also the mainstay of treatment for triple
negative tumors. While many triple-negative cancers have an
excellent response to neoadjuvant therapy, with complete eradi-
cation of the tumor (a ‘complete pathological response’ or pCR) a
substantial fraction of triple-negative cancers do not in fact achieve
that benchmark. For patients with residual cancer after neo-
adjuvant treatment, the risk of recurrence is 4 fold higher than
among those with pCR following neoadjuvant therapy. Even in
contemporary practice with maximal neo/adjuvant chemotherapy
with four agents, paired with immune checkpoint inhibitor ther-
apy, the risk of recurrence for those not achieving pCR approaches
25-50% within 3 years [8]. These findings underscore the need to
improve therapeutic options for luminal B and triple-negative
breast cancers, as we appear to have reached the limit of what
chemotherapy can accomplish for endocrine-resistant or less sen-
sitive tumors.

3. Markers for response and resistance

The use of adjuvant endocrine therapy has been standard in
early stage, ER positive breast cancer since the 1990s. To date,
however, the only marker to predict benefit from endocrine ther-
apy is expression of ER, itself. Dynamic markers such as change in
Ki67 with short, preoperative, window exposures to endocrine
therapy may serve as a prognostic marker in ER positive breast
cancer, but do not define which patients should or should not
receive such treatments [9]. The use of adjuvant anti-HER2 therapy
has been standard in early stage, HER2 positive breast cancer since
2005. To date, however, the only marker to predict benefit from
anti-HER2 therapy is expression/amplification of HER2, itself. And
yet, it is apparent that there is tremendous heterogeneity in the
outcomes for ER positive and HER2 positive cancers, despite uni-
form treatment approaches. Thus, despite decades of research and
thousands of studies, we know almost nothing about what predicts
lack or response or resistance to the two most widely used classes
of targeted therapy in early stage breast cancer. Similarly, we lack
any marker of resistance to chemotherapy as a whole, much less
specific chemotherapeutic agents. Identifying such markers would
be a remarkable discovery that would allow for much more cus-
tomization of treatment.
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4. Challenges to clinical trial designs

Randomized, prospective clinical trials are the engine of prog-
ress in systemic therapy for early stage breast cancer. No other
cancer condition has been studied as rigorously on a global scale
with so many large, randomized studies. The traditional endpoints
for defining standards of care have been disease-free or overall
survival in the study population, critical landmarks that truly define
how a new treatment affects the long-term natural history of the
disease. A dilemma for such studies is that to have adequate power
to answer key questions in the modern era, clinical trials require
hundreds, and more commonly thousands, of study subjects, who
are followed for many years. Fundamentally, this is a ‘good prob-
lem’ to have, as it underscores the fact that most women with early
stage breast cancer have a very favorable long-term prognosis. But
the investment of resources to develop, administer, and analyze
such trials is huge, and the operational size of such trials often
demands nearly a decade of effort. That scale and timeframe limits
the pace of progress in early stage breast cancer.

Consider the outcomes for women with stage 1, ER positive or
HER?2 positive breast cancers, who account for about 45% of all new
diagnoses of early breast cancer in the US. Recent studies have
shown cancer free survival on the order of >95% through nearly a
decade of follow-up [7,10]. This is marvelous news for patients and
a real tribute to the progress in early stage breast cancer. But it
poses a practical challenge, because to show ‘improvement’ in such
cohorts of women, clinical trials would likely require more than
20,000 subjects, and 10 years of follow-up.

The lack of a near-term surrogate endpoint that permits a clear
definition of improved outcomes in systemic therapy is a critical
deficiency in management of early stage breast cancer. The pCR
endpoint serves as a strong prognostic marker, but to date, modest
improvements in pCR have not translated into clinically meaningful
gains in event-free or overall survival [11]. Neoadjuvant therapy
may help risk-stratify breast cancer patients, identifying cohorts
with greater residual risk, and warranting novel treatment ap-
proaches [12]. In some specific situations, typically with lower risk
cancers with excellent prognoses and well established outcomes
defined by historical controls, it has been possible for single-arm
de-escalation trials involving highly effective drugs to define
acceptable standards of care [10]. Yet few situations truly lend
themselves to such study designs for authoritative use of regimens.
Fundamentally, we remain dependent on maturation of random-
ized clinical trials with event-driven endpoints to define our
standards of care. This lack of a robust surrogate marker is a hin-
drance to faster advances in systemic therapy for early stage breast
cancer.

5. Side effects and symptoms of systemic therapy

There has been tremendous progress in supportive care and
management of treatment-related side effects resulting from sys-
temic therapy for early stage breast cancer. Improved anti-emetics,
white blood cell growth factor support, and hydration have meant
that chemotherapy treatment is nearly always delivered in the
outpatient setting, with very low risk of infection or hospitalization.
Scalp cooling devices now offer the possibility of less alopecia with
many chemotherapy regimens, a transformative intervention that
may redefine the public image of what it means to be a breast
cancer patient. For many women, these innovations have trans-
formed the chemotherapy experience.

And yet, by any measure, the side effects of systemic therapy are
profound and overwhelming. Chemotherapy still brings nausea,
fatigue, neuropathy, mucositis, and a host of other symptoms, all
contributing to a marked decline in physical and psychological



H,J. Burstein

well-being. Endocrine therapies cause menopausal symptoms, ar-
thralgias and osteoporosis, gynecological and sexual health side
effects, and other consequences of estrogen deprivation, which
often persist for years [6]. Both chemotherapy and endocrine
treatments contribute to subtle — and rarely not subtle — neuro-
cognitive issues. It is common for oncologists to say that treatment
is ‘well tolerated.” Yet such side effects are only ‘tolerable’ by the
accepted norms of cancer care, norms that are tremendous outliers
compared to most medical treatments. There is no other disease
where such profound consequences of therapy would be consid-
ered ordinary. These problems demand on going strategies to
optimize care for breast cancer patients.

6. Global disparities in care, access, and outcomes

Breast cancer is a worldwide disease, affecting patients from
every country and every social stratum. Indeed, in 2021, breast
cancer became the most commonly diagnosed cancer in the world
(excepting non-melanoma skin cancers) [13]. As with every clinical
disorder, there are profound disparities between countries in the
available treatments and related long-term outcomes for manage-
ment of breast cancer [13]. These gaps reflect lack of access to
important, effective drugs, lack of early detection, and variations in
epidemiology and public health that predict differences in out-
comes. Within countries, there are similar, profound disparities in
outcomes for breast cancer, which unfortunately track along
familiar, entrenched axes of socioeconomic status and race. More
than any new drug, addressing these variations and disparities in
outcomes within countries and between countries would
contribute immensely to reducing the global burden of breast
cancer.

Even within highly developed, affluent societies, the costs of
breast cancer care are approaching unsustainable levels. Novel
targeted therapies for early stage breast cancer, including those
likely to emerge in the next 12 months, now cost between $80,000
and $150,000 for one year of treatment, while household income in
the US is $68,000 per family. Such costs make treatment inacces-
sible to millions of breast cancer patients around the world, and
tens of thousands of patients in the most affluent nations. It is clear
that the escalating costs of breast cancer therapy now pose a moral
challenge to investigators, clinicians, national governments and
third-party payers, who are stretched to assure appropriate access
for all. Global progress against early stage breast cancer will require
different cost and care delivery models if there is to be uniform,
accessible, and effective care around the world.
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