EDITORIAL
Prognosis and Prediction in Breast Cancer:
Is There a Need for Further Tests?
Olaf G. Wilhelm1* and Marion Kiechle2

Paradigm shifts in diagnostic and therapeutic
approaches in breast cancer substantially improved survival and quality of life. Since 1989 until
2015, the mortality rate decreased by 39% according to US breast cancer statistics (1). The first paradigm shift occurred once it was recognized that
breast cancer is not a local but rather a systemic
disease. Veronesi and coworkers demonstrated in
a ground-breaking trial that breast-conserving
surgery instead of mutilating radical mastectomy
does not impact survival (2). The next paradigm
shift emerged with the understanding that clinicopathological factors such as the axillary lymph
node status, tumor size, incidence of metastases,
and grade of cellular differentiation have prognostic value, which led to the introduction of adjuvant
chemotherapy to reduce and prevent disease recurrence. Subsequently, the knowledge of the importance of the estrogen receptor (ER) not only
identified patients with better overall survival but
also led to the first targeted therapy approach,
which blocked the estrogen receptor pathway (3).
Further subtyping was enabled through the discovery of the human epidermal growth factor 2
(HER2) receptor by Slamon and coworkers (4). At
the beginning of the new millennium, Perou et al.
introduced intrinsic subtyping in the molecular pathology of breast cancer (5). Shortly thereafter, Sørlie
and coworkers defined the molecular subtypes

Luminal A, Luminal B, basal-like, and HER2-enriched
and demonstrated the very different prognosis for
overall survival and disease-free survival (6).
The obviously heterogeneous nature of breast
cancer triggered the next key challenge: how to
provide the optimum management and treatment
for each and every patient diagnosed with this disease. Predictive factors foretell the probability of
response of a cancer patient to a specific anticancer
therapy. Determination of ER, progesterone receptor, and HER2 has become mandatory for predicting
response to endocrine or to HER2-directed therapy
before administration of (neo)adjuvant anticancer
drugs. For example, adjuvant endocrine treatment of
ER-positive breast cancer patients with tamoxifen
reduced disease recurrence rates by about 40%,
whereas ER-negative patients failed to benefit from
such treatment (7).
Different from that, prognostic factors provide
information about the future course of the disease
(disease-free and overall survival) of patients not
treated with anticancer therapeutics. It is crucial in
breast cancer patient management to determine
the aggressiveness of the tumor, i.e. how do we
gain information about the probability of disease
recurrence and to identify those patients in need
for systemic treatment. Following this line of
thoughts, Jänicke and coworkers (8) demonstrated
that increased concentrations of either one or
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both uPA and/or PAI-1 in the primary tumor correlate with cancer aggressiveness and poor outcome
independent of ER, HER2, or progesterone receptor expression. Low-risk lymph node-negative patients, according to the uPA/PAI-1 status (uPA and
PAI-1 low), may be spared the burden of adjuvant
chemotherapy because of their excellent prognosis, whereas high-risk patients derive enhanced
benefit from adjuvant chemotherapy. The clinical
value of the uPA/PAI-1 status (high or low) has
been evaluated in retrospective and different
prospective multicenter clinical trials, including a
meta-analysis conducted by the EORTC Receptor
and Biomarker Group, comprising 8377 breast
cancer patients from 18 independent studies and
collectives (9). Finally, the prognostic and predictive impact of uPA/PAI-1 was validated with the
highest level of evidence (LoE 1A). The 10-year data
of the prospective multicenter Chemo N0-trial
confirmed that patients of the low-risk group without adjuvant chemotherapy had a low risk of recurrence (10). This uPA/PAI-1 ELISA, commercially
available as FEMTELLE® (BioMedica Diagnostics),
is a prognostic test for node-negative, early-stage
breast cancer patients.
Defining intrinsic subtypes and gene expression
has substantially improved the understanding of
the biological diversity and heterogeneity of breast
cancer. Especially in ER-positive and HER2-negative
patients, a reliable estimation of the risk of
disease recurrence is crucial to select the appropriate (neo)adjuvant therapy. Commercially available
gene signatures such as Endopredict® (Myriad
Genetics Inc.), OncotypeDX® (Genomic Health
Inc.), Mammaprint® (Agendia Inc.), PAM50 (Nanostring Technologies Inc.), IHC4 score, or the Breast
Cancer Index (Biotheranostics Inc.) have been developed to serve this purpose and are highly valuable to identify patients who could be spared
chemotherapy and who are sufficiently treated
with endocrine therapy alone (11). The American
Society of Clinical Oncology has provided thorough clinical practice recommendations for the

use of biomarkers to guide decisions on adjuvant systemic therapy for early breast cancer
(12). However, none of these assays delivered
sufficient evidence to be of predictive value and
are not recommended to be used to guide systemic chemotherapy (12). Furthermore, miRNA
has increasingly attracted attention. The stable
miRNA is easily detectable and quantifiable and
has demonstrated clinical utility as prognostic
and predictive biomarkers, not only in breast
cancer (13).
A major challenge for any prognostic and predictive strategy represents the intratumor heterogeneity. This heterogeneity within each individual
tumor entity occurs not only on a morphologic
level but also on a DNA, RNA, and protein level and
may change over the course of the disease (14).
The initial mutations of the primary tumor may no
longer be responsible for tumor recurrence, or an
initial biomarker-negative tumor may develop into
a biomarker-positive tumor. To overcome these
obstacles, sequencing technologies may be applied
at diagnosis, followed by monitoring to identify drivers of tumor progression and therapy resistance. If
tumor tissue is not accessible, the disease can be
monitored by introducing standardized analysis of a
biofluid sample, e.g., liquid biopsy. Liquid biopsy allows for repeated sampling to monitor changes of
the disease, which leads to progression and resistance. Three approaches are currently intensively
investigated: circulating tumor cells, circulating DNA,
and exosomes (15).
To further improve outcome of breast cancer
patients, 3 areas where prognostic and predictive
tests would be of high clinical value are envisioned:
first, the broad molecular heterogeneity of triplenegative breast cancer (TNBC) has hindered the
discovery of effective biomarkers to tailor chemotherapy at an individual level. Various studies suggested that TNBC consists of several subtypes and,
thus, does require subtype-specific therapy based
on its biological characteristics. To further characterize TNBC on a molecular level, various subtypes
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have been proposed, with some differences in the
number of subtypes or classifying methods; the
clinical relevance of the TNBC-subtypes, however,
is not yet defined (16). Second, Luminal A disease is
treated with endocrine therapy according to
guidelines. However, endocrine therapy such as
ER antagonists is accompanied with significant
toxic effects. Up to 3% of patients develop secondary cancers such as endometrial cancer, and
up to 6% of patients will experience life-threating
thromboembolism. Therefore, a prognostic test
that identifies Luminal A patients with excellent
prognosis could spare a patient subpopulation
from receiving endocrine therapy. Third, postsurgical adjuvant therapy and presurgical neoadjuvant cancer therapy, which apply endocrine
therapy, immunotherapy, and chemotherapy,
have been shown to improve disease-free and
overall survival in early-stage breast cancer patients. Predictive markers indicate response or resistance to a specific medical treatment. For any
specific type of cancer, it is common knowledge
that only a portion of patients will respond to a
particular treatment, whereas others are likely to
suffer from adverse side effects without benefit. In
the case of breast cancer, various patients may
respond differently to chemotherapy and/or endocrine therapy. In the absence of predictive
markers, the one-dose/treatment-fits-all approach
is misguided. Such predictive factors to identify

patients who benefit or do not benefit from certain
therapies are of high medical need. Recently, the
PITX2 DNA-methylation assay was introduced into
the market; it represents the first marker to predict
the outcome to anthracycline-based chemotherapy (17, 18), considered standard-of-care systemic
treatment in early breast cancer patients. Nevertheless, we still do face a demand for individualized
systemic treatment of breast cancer patients. Especially, there is still an unmet need to predict the
necessity, efficacy, and potential toxic side effects
of drugs and the outcome of breast cancer patients under therapy—and thus quality of life—
while also avoiding high treatment-related costs
and unnecessary chemotherapy or endocrine
therapy.
The advances in the treatment of breast cancer
are impressive, and patient- and tumor-tailored
strategies delivered on their promises. Nevertheless, breast cancer is not only a medical problem
but also an economic and social challenge, which
could be overcome by further efforts from academia
and the pharmaceutical and medical drug/device
industry, potentially leading to new treatment modalities in the framework of personalized cancer medicine. Molecular diagnostic tests, which can predict
response of a breast cancer patient to a certain cancer drug, are highly needed but are, unfortunately, in
short supply.
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