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Background: Aggressive breast cancer is a term commonly used in literature to describe breast cancer
with a poor prognosis. Identifying and understanding the factors associated with aggressiveness could be
helpful to the management of patients with breast cancer. Breast cancer is a heterogeneous disease, both
clinically and biologically, which may be responsible for the wide range of survival durations for patients
with metastatic disease.
Aim: The goal of this study was to identify the factors most often described in association with aggressive
metastatic breast cancer (MBC).
Methods: A systematic review was performed by querying PubMed from January 1, 2012 to June 1, 2014
for “metastatic breast cancer” (“aggressive” or “poor prognosis” or “high risk”). The level of evidence to
support each potential prognostic factor of aggressive MBC was also reviewed.
Results: The identified factors were grouped into 3 principle categories: clinical, biological, and patient
related. Because patient-related factors may not be indicative of inherent cancer aggressiveness, this
review focused only on clinical and biological factors. The factors with the highest levels of evidence to
support associations with survival in metastatic breast cancer were visceral metastases, number of
metastatic sites, disease-free interval, presence of CTCs, triple-negative disease, and tumour grade.
Conclusion: Identification of these factors and understanding their contribution to the aggressiveness of
MBC and disease progression may lead to more personalized treatment in this patient population.
© 2015 The Authors. 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/).
Introduction

Breast cancer is the most prevalent cancer malignancy and the
leading cause of cancer-related mortality in women in developed
countries [1]. In 2014 in the United States, an estimated 232,670
women will be diagnosed with invasive breast cancer, and
40,000 will die from it [2]. In 2012 in Europe, there were an
estimated 463,800 new breast cancer cases and 131,200
breast cancererelated deaths [3]. Approximately 5% of patients
with breast cancer in the United States are diagnosed with
metastatic disease at initial presentation [4]. Furthermore, a
recent study found that approximately 10% of patients diagnosed
with early-stage breast cancer developed metastatic disease
within a mean follow-up of 5.7 years [5].

Breast cancer is a clinically and biologically heterogeneous dis-
ease, characterized by dysregulation of multiple cellular pathways
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[6] and different sensitivities to treatment [7e9], which may
contribute to the wide range of survival durations for patients with
metastatic disease. Some types of breast cancers are more aggres-
sive than others. “Aggressive breast cancer” is not a standard term
commonly used in the breast cancer literature. However, the ability
to identify factors associated with aggressive breast cancer and to
predict prognosis and treatment response has a considerable
impact on patient management.

Studies in early-stage breast cancer have established numerous
factors prognostic of efficacy outcomes, including axillary nodal
status, tumour size, oestrogen receptor status, and histological
grade, among others [10,11]. There have been relatively fewer re-
ports on prognostic factors in metastatic breast cancer (MBC). This
may in part be due to the inherent difficulty in separating whether
a factor is a “pure” prognostic factor, a predictive factor for response
to therapy, or both. However, prognostic factors could aid in
selecting treatment for the individual patient and developing risk-
adjusted treatment strategies.

Here we report a systematic literature review of breast cancer
publications to identify potential prognostic factors of aggressive
MBC and describe studies that evaluated them.
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Methods

Identifying factors

PubMedwas queried from January 1, 2012 to June 1, 2014 for the
following search terms: “metastatic breast cancer” (“aggressive” or
“poor prognosis” or “high risk”). The abstracts of the resulting
returns were reviewed for factors that were examined with respect
to prognosis, and these factors were chosen for more detailed
evaluation.

Evaluating factors

Once aggressive disease factors were identified, PubMed was
queried for each term specifically (“breast cancer” [prognostic OR
predictive] [specific factor]), with no date ranges selected to allow a
more robust analysis. If these criteria returned limited results for a
given factor, then the search was further relaxed. In selecting
studies to describe for the evaluation of factors, preference was
given to prospective, randomized data in evaluating the prognostic
ability of each factor. However, in many cases, retrospective ana-
lyses were the only studies available. Discussions were prioritized
to include the most relevant, statistically rigorous (prospective and
multivariate analysis where possible), and recent results possible.

Results of systematic analysis

Identification of factors

The most relevant prognostic factors associated with aggressive
MBC were identified based on systematic search methods
described earlier. This search returned a total of 141 results (135 in
English). Three categories of factors were identified: clinical, bio-
logical, and patient-related (Table 1). Patient-related factors were
not examined in detail. Other factors were excluded for further
analysis for the following reasons: representation in only 1 report,
Table 1
Identification of potential prognostic factors for aggressive breast cancer.

Factor Represented in >1
publication?

Releva

Clinical
Site of metastasis Yes Yes
Number of metastatic sites Yes Yes
DFI Yes Yes
Prior therapy Yes Yes
Nodal status Yes No
Response to prior therapy No Yes
Platelet-to-lymphocyte ratio No Yes
Biological
ER/PR status Yes Yes
HER2 status Yes Yes
TNBC Yes Yes
Presence of CTCs Yes Yes
Tumour grade/differentiation Yes Yes
Tumour size Yes Yes
Molecular subtype Yes Yes
Inflammation Yes Yes
Ki-67 No Yes
Histology (ductal vs lobular) No Yes
Concordance of receptor status between

primary tumour and metastasis
No Yes

Patient-related
Age Yes Yes
Performance status Yes Yes
Race Yes Yes

CTCs, circulating tumour cells; DFI, disease-free interval; ER, oestrogen receptor; HER2
progesterone receptor; TNBC, triple-negative breast cancer.
relevance to early-stage breast cancer only, or difficulty evaluating
the factor in other reports due to lack of uniformity in its definition.

Clinical features

Site of metastasis/recurrence
Definitions of metastatic sitemay vary slightly from one study to

the next. It may refer to simply the presence of a lesion in that site,
the first distant recurrence after treatment for early-stage disease,
or the dominant site of metastasis.

Visceral metastases. Visceral lesions are those confined to visceral
organs, typically the liver or lung. Approximately 70% of patients
enrolled in MBC trials have visceral metastases at baseline [12e14].
Multiple studies have suggested that the presence of visceral me-
tastases is associated with worse overall survival [15e20]. A phase
III trial (N ¼ 739) in which patients with MBC were treated with
doxorubicin, paclitaxel, or the combination of both demonstrated
that patients with visceral-dominant metastases had worse overall
survival than those with other dominant sites of metastasis [21].
Specifically, a multivariate analysis demonstrated that visceral-
dominant metastases were significant, independent predictors of
overall survival (hazard ratio [HR] 1.4; P ¼ 0.004; Table 2). In
another robust dataset, a meta-analysis (N ¼ 1361) performed on
10 consecutive MBC trials conducted by the Hellenic Oncology
Cooperative Group (HeCOG) from 1991 through 2006 found that
the presence of visceral metastases significantly associated with a
worse prognosis [17]. Most patients (79.5%) received taxanes as
first-line treatment. Patients with visceral metastases made up 70%
of the total population. The results of a Cox model that accounted
for different treatments demonstrated a 44% higher risk of mor-
tality for patients with visceral metastases vs those without (HR
1.44; 95% CI, 1.24e1.68; P < 0.001; Table 2).

Brain metastases. Based on case series, the incidence of clinically
evident central nervous system metastases among women with
nce for MBC Selected for evaluation?

Yes
Yes
Yes
No e less relevant to understand disease aggressiveness
No e less relevant to MBC
No e low representation
No e low representation

Yes
Yes
Yes
Yes
Yes
Yes
No e focus will be on clinical markers (e.g., ER/PR, HER2)
No e no standard marker of inflammation in these reports
No e low representation
No e low representation
No e low representation

No e less relevant to understand disease aggressiveness

, human epidermal growth factor receptor-2; MBC, metastatic breast cancer; PR,



Table 2
Clinical factors associated with increased risk of death in patients with MBC.

Factor Level of evidence N HR (95% CI) P Value

Visceral metastasis (yes vs no)
Sledge et al. [21] Phase III trial e MVA 738 1.4 (NR) 0.004
Dafni et al. [17] Meta-analysis of phase II and III trials e MVA 1361 1.44 (1.24e1.68) <0.001
Brain metastasis (yes vs no)
Jung et al. [25] Retrospective review of a patient series e MVA 557 1.58 (1.04e2.41) 0.033
Largillier et al. [26] Retrospective review of a patient series e MVA 1038 15.00 (8.17e27.50) <0.0001
Number of metastatic sites
Fountzilas et al. [28]
(2 vs 1) Phase III trial e MVA 416 1.51 (1.03e2.21) 0.03
(�3 vs 1) 2.47 (1.68e3.63) <0.001
Pierga et al. [27]
(2 vs 1) Retrospective review of multiple clinical trials e MVA 1430 1.22 (1.12e1.33) Overall 0.000001
(�3 vs 1) 1.49 (1.25e1.77)
DFI
Yamamoto [33] (�24 vs <24 months) Phase III trial e MVA 233 2.70 (1.92e3.79) <0.0001
Chang [19] (�12 vs <12 months) Retrospective review of a patient series e MVA 346 1.59 (1.14e1.67) 0.0008

DFI, disease-free interval; HR, hazard ratio; MVA, multivariate analysis; NR, not reported.

G. Arpino et al. / The Breast 24 (2015) 594e600596
MBC is estimated to be 10%e16% [22], whereas in autopsy series,
brain metastases have been found in up to 30% of patients [23].
Brain metastases occur slightly more frequently in patients with
human epidermal growth factor receptor-2epositive (HER2þ)
breast cancer than other molecular subtypes (14% vs 2%e11% in 1
study of 3726 patients) [24]. In a retrospective review that analysed
the records of >500 patients with MBC treated at a single centre,
the presence of brainmetastases was significantly associatedwith a
shorter OS than the absence of brain metastases (HR 1.58; 95% CI,
1.04e2.41; P ¼ 0.033; Table 2) [25]. Similar findings were observed
in a separate retrospective analysis of >1000 patients [26]. The risk
of mortality was 15-fold higher for patients with brain metastases,
making metastasis to the brain the most powerful predictor of
survival in that study (Table 2).

Number of metastatic sites
Metastatic breast cancer trials often define groups of patients

based on the number of metastatic sites, generally setting thresh-
olds between 1 and 3 [14,27e30]. Higher numbers of metastatic
sites have generally indicated a worse prognosis for patients than
lower numbers of metastatic sites. For example, a phase III trial
(N ¼ 416) of patients treated with paclitaxel plus carboplatin,
docetaxel plus gemcitabine, or paclitaxel monotherapy (plus tras-
tuzumab in all patients with HER2þ disease) demonstrated that the
presence of >1 metastatic site (separate analyses of 2 vs 1 or �3 vs
1) was a significant independent predictor of survival (Table 2) [28].
The presence of multiple metastatic sites was also confirmed as a
factor associated with aggressive MBC in a retrospective review of
>1400 patients treated in 8 consecutive prospective trials of
anthracycline-based therapy for first-line treatment at the Curie
Institute. The HR for 2 sites vs 1 site was 1.22, and the HR for �3
sites vs 1 site was 1.49 (overall P ¼ 0.000001; Table 2) [28].

Short disease-free interval
Multiple studies have shown that early recurrence is an inde-

pendent predictor of survival and that disease-free interval (DFI) is
one of the strongest prognostic factors reflecting the aggressiveness
of advanced breast cancer [19,31e33]. Researchers often group
patients based on DFI cutoffs of either 12 or 24 months
[14,19,27,33,34]. A study of patients treated in a phase III trial with
either tamoxifen or medroxyprogesterone acetate combined with
doxorubicin and cyclophosphamide found that patients with a DFI
<24 months had a better survival prognosis than those with a DFI
�24 months (HR 2.70; 95% CI, 1.92e3.79; P < 0.0001; Table 2) [33].
More recently, Chang et al. demonstrated an association between
short DFI (<12 months) and a worse outcome in a series of patients
(N ¼ 346) identified retrospectively from a central laboratory [19].
The risk of mortality for patients with a shorter DFI was almost 60%
higher than the mortality risk of patients with a longer DFI
(Table 2).

Biological features

Histological and molecular subtypes
One of the most established factors upon which to base treat-

ment decisions is histological subtype. In general, breast cancer can
be divided into one of the following 3 subtypes based on the
expression of the hormone receptors (oestrogen and progesterone)
and HER2: hormone receptorepositive (59%e79%), HER2-
overexpressing (22%e24%), and triple-negative (13%e24%)
[35e38]. Differential gene expression profiles have also been used
to classify breast cancer into molecular subtypes with distinct bi-
ologies [39]. Specifically, 5 core molecular subtypes have been
identified: luminal A, luminal B, HER2-enriched, basal-like, and
normal-like [40]. The basal-like and HER2-enriched subtypes were
associated with the poorest outcomes [40]; however, a growing
number of HER2-targeted therapies has improved the prognosis of
patients with HER2-enriched disease [29,41,42]. Histological and
molecular subtypes show some degree of overlap. For example, the
majority of luminal A and luminal B tumours are hormone recep-
torepositive; nuclear staining of the proliferation marker protein
Ki-67 can distinguish between the 2 subtypes (<14% of cells in
luminal A and �14% of cells in luminal B) [6,37,43]. In addition, the
majority of molecularly defined HER2-enriched disease is HER2þ in
the histological classification [6,37]. Lastly, most basal-like tumours
are histologically triple negative [6,37]. Some might question the
degree of actionable detail that a molecular approach can provide
beyond classic histological subtyping based on these data. Others
might point to the incomplete overlap of subtypes as a clear indi-
cation of an opportunity to improve care.

Current treatment decisions are still based largely on histolog-
ical findings so we will focus on exploring the aggressiveness of
these subtypes [44]. However, trial inclusion criteria typically
specify patient populations based on the expression of hormone
receptors and HER2; therefore, comparisons between such sub-
types are not available in the context of current randomized clinical
trials.

HER2. HER2þ tumours are known to possess a number of factors
associated with an aggressive disease phenotype, including lymph
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node positivity, worse nuclear grade, higher mitotic index, and
frequent mutations in the gene TP53 [6,35]. In a seminal study
(N ¼ 86) of patients with early-stage breast cancer, amplification of
the HER2/neu gene was significantly associated with both time to
disease relapse (P ¼ 0.001) and overall survival (P ¼ 0.02) in
multivariate analyses [45]. Since that study, a number of HER2-
targeted therapies have been introduced that have improved effi-
cacy outcomes for patients with HER2þ MBC, including trastuzu-
mab, lapatinib, pertuzumab, and trastuzumab emtansine
[29,41,42,46]; therefore, patients with HER2þ tumours are no
longer considered to have a worse prognosis than those with
HER2� tumours.
Triple-negative breast cancer (TNBC). Like HER2þ tumours, triple-
negative tumours are also known to have an inherently aggres-
sive disease phenotype, including worse nuclear grade, worse
histological grade, high mitotic index, high genomic instability, and
mutations or loss of the genes TP53, PIK3CA, PTEN, RB1, and BRCA1
[6,35]. A large study of >50,000 patients from 8 regional registries
in California found that the 5-year survival rates for patients with
TNBC vs non-TNBC were 77% vs 93%, respectively [38]. The poor
prognosis of patients with TNBC was also confirmed in a large trial
of patients with MBC treated with first-line chemotherapy. In that
study, a multivariate analysis demonstrated a 4.3-folder higher risk
of mortality for patients with TNBC vs non-TNBC (Table 3) [47].
Unlike the hormone receptorepositive and HER2þ subtypes, no
targeted agents have yet been proven useful for triple-negative
disease.
Circulating tumour cells (CTCs) as prognostic and predictive markers
Circulating tumour cells (CTCs) are tumour cells detectable in

blood that have been released by primary tumours or metastases
[48,49]. Counting and characterizing CTCs represent a relatively
recent approach to prognosis and determining response to therapy
[47,49e52]. Multiple prospective studies in breast cancer patients
have validated the prognostic significance of baseline CTC level on
survival, and most use a cutoff of 5 CTCs per 7.5 mL of blood at
baseline to define prognostic groups [47,49,53].

In a randomized, prospective multicentre study on patients
(N ¼ 177) with MBC, Cristofanilli et al. found that the CTC level, as
measured before a new therapy was initiated and at the first
follow-up visit, was a predictor of both progression-free survival
and overall survival [53]. In a multivariate analysis, a CTC count �5
Table 3
Biological factors associated with increased risk of death in patients with MBC.

Factor Level of evidence

Histological status
HER2 (amplified vs not)
Slamon et al. [45] Retrospective review of a patient series e MVA
TNBC (yes vs no)
Pierga et al. [47] Prospective, multicentre study e MVA
Presence of CTCs (≥5 vs <5 per 7.5 mL)
Cristofanilli et al. [53] Prospective, multicentre study e MVA
Pierga et al. [47] Prospective, multicentre study e MVA
Wallwiener et al. [49] Prospective, multicentre study e MVA
Tumour grade
Poikonen et al. [57]
Grade 3 vs 2 or 1 Phase III trial e MVA
Largillier et al. [26]
Grade 2 or 3 vs 1 Retrospective review of a patient series e MVA
Primary tumour size
Largillier et al. [26]
>20 vs �20 mm Retrospective review of a patient series e MVA

CTCs, circulating tumour cells; HER2, human epidermal growth factor receptor-2; HR, haz
cancer.
per 7.5 mL of blood was a significant independent predictor of
worse survival compared with a CTC count <5 (HR 4.26; P < 0.001;
Table 3). A subgroup analysis of 83 patients who were treated with
first-line chemotherapy confirmed the prognostic significance of
�5 vs<5 CTCs per 7.5 mL of blood at baseline (multivariate HR 3.45;
P ¼ 0.01) [54]. Interestingly, the same study found that CTC level at
the first follow-up visit was also predictive of progression-free and
overall survival [53].

Two more-recent prospective studies have confirmed the
prognostic significance of CTCs. The first was an analysis of data
from 267 patients who received first-line chemotherapy (±a tar-
geted agent, including trastuzumab or lapatinib for HER2þ disease
or bevacizumab for HER2� disease), which showed a >2-fold
higher probability of mortality for patients with �5 CTCs per
7.5 mL of blood at baseline (Table 3) [47]. The second analysis
included 468 patients with MBC who were initiating a new line of
systemic therapy [49]. The HR for survival in patients with�5 vs <5
CTCs per 7.5 mL of blood at baseline in that study was almost 5
(Table 3).
Tumour grade
Tumour grade, a measure of the differentiation and mitotic ac-

tivity of tumours, is a well-accepted prognostic marker in early-
stage breast cancer [44,55]. However, studies have revealed that
tumour grade is also associated with survival in MBC [26,56]. A
subanalysis of a phase III trial in which patients received either
methotrexate plus 5-fluorouracil or docetaxel as second-line ther-
apy demonstrated a significant association in multivariate analysis
between histological grade and overall survival [57]. Ninety-six
patients had evaluable immunohistochemical samples, and the
HR for grade 3 vs grade 1 or 2 was 1.95 (Table 3); although the P
value was not reported, the 95% CI did not cross 1, suggesting a
significant difference. Histological grade was also a significant, in-
dependent predictor of survival in a retrospective review of >1000
women with MBC treated at a single centre (multivariate HR 1.25;
95% CI, 1.00e1.55; P ¼ 0.048; Table 3) [26].
Tumour size
Although tumour size is a component of tumour stage [44], only

tumour size was identified during the systematic search of poten-
tial prognostic factors associated with aggressive MBC. Like tumour
grade, primary tumour size may be thought of more as a prognostic
factor for early-stage disease. However, a study of 1038 patients
N HR (95% CI) P value

83 NR 0.02

1430 4.3 (2.1e8.8) 0.0002

177 4.26 (NR) <0.001
267 2.4 (1.1e5.4) 0.03
468 4.79 (2.95e7.79) <0.001

96 1.95 (1.16e3.27) NR

1038 1.25 (1.00e1.55) 0.048

1038 1.24 (1.02e1.50) 0.027

ard ratio; MVA, multivariate analysis; NR, not reported; TNBC, triple-negative breast
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with MBC treated at a single institution found tumour size
(>20 mm vs �20 mm) to be a significant, independent factor
associated with survival by multivariate analysis (HR 1.240; 95% CI,
1.02e1.50; P ¼ 0.027; Table 3) [26]. Our evaluation criteria did not
return any other strongly supportive evidence in the metastatic
setting, and 1 recent study specifically stated that primary tumour
size was not prognostic for disease recurrence in patients with
nonmetastatic disease [58].

Discussion

In this literature analysis, the highest level of evidence (large
clinical trial) was available to support the following factors being
associated with aggressive MBC: visceral metastases, number of
metastatic sites, disease-free interval, presence of CTCs, triple-
negative disease, and tumour grade [17,21,28,33,47,49,53,57]. Only
retrospective reviews were available to support brain metastases,
HER2 positivity, and tumour size as markers of aggressive disease
[25,26,29]. However, in the case of HER2 positivity, this lack of
highest-level evidence is likely due to current trial designs, which
understandably provide different treatments for patients with
HER2þ disease and HER2� disease. Although the absence of clin-
ical trial data for brain metastases was somewhat unexpected, the
lack of data on tumour size may have been less so, as this factor is
often thought of as a marker of prognosis for early-stage breast
cancer.

Even though the underlying mechanisms are not always known,
some of these identified factors have shown a possible contribution
to rapid disease progression or resistance to treatment. Therefore,
understanding prognosis and treatment options for these patient
types is of particular importance in patient management.

This review focused on clinical and biological factors associated
with inherent disease aggressiveness. As such, we did not discuss a
handful of identified patient-related factors that are thought to be
important clinically, including age, performance status, comorbid-
ities, and race. Also beyond the scope of this review were more
recently identified factors, such as genetic mutations, markers of
inflammation, and receptor concordance between the primary
tumour and metastatic sites.

Although in this review histological subtyping was prioritized
ahead of molecular subtyping as a prognostic tool due its current
clinical use, there is evidence that molecular subtypes are also
related to outcomes, including survival [37,40]. Molecular analysis
allows for a more nuanced examination of tumour biology than
histological subtyping. The Cancer Genome Atlas Network charac-
terized the molecular subtypes by examining gene expression
profiles, somatic mutations, structural rearrangements, copy
number alterations, and epigenetic events [6]. The study described
variability between and within molecular subtypes; however, it
was revealed that somatic mutations in just 3 genes (TP53, PIK3CA,
and GATA3) were present in >10% of all breast cancers. In addition, a
retrospective analysis (N ¼ 437) suggested that molecular subtyp-
ing demonstrated a potential benefit over histological subtyping in
identifying specific subsets of patients that may be more vs less
likely to benefit from specific treatments [37]. Future prospective
studies that evaluate the efficacy of specific treatments on molec-
ularly defined subtypes may further answer the question of the
added value provided by a molecular vs histological subtyping
approach.

Nuclear Ki-67 is a prognostic factor in early-stage breast cancer
[59]. Although it did not meet the criteria for inclusion in this
systematic review, studies have suggested that a high nuclear Ki-67
level in primary tumours may also predict poorer outcomes in
patients with MBC [60,61]. In one study, a significant association
was observed between Ki-67 level and shorter time to progression
in patients (n ¼ 146) treated with aromatase inhibitors (HR 1.19,
P ¼ 0.041) [60]. A separate study of patients being treated with
endocrine therapy as first-line treatment for ER-positive MBC
(n ¼ 241) characterized Ki-67 levels as low (<10%), intermediate
(10%e25%), or high (>25%) and found significant associations of Ki-
67 with clinical benefit rate, time to progression, and OS (P � 0.001
for each) [61]. A recent retrospective study of 210 patients with
MBC demonstrated that low levels of Ki-67 in metastatic lesions
(mKi-67 �20%) were significantly associated with longer OS (me-
dian 25 vs 17 months; HR 0.69; P ¼ 0.01) [62]. More research is
needed to fully elucidate the biological implications of Ki-67 for
MBC treatment.

Another intriguing subject in understanding breast cancer
aggressiveness is the spectrum of somatic mutations that may
contribute to breast cancer pathogenesis and resistance to thera-
pies [63]. For example, alterations in the ESR1 gene may lead to
endocrine therapy resistance in hormone receptorepositive breast
cancer [64]. Such results should only be considered hypothesis-
generating at this point; however, future treatment paradigms
may eventually be influenced by deep genomic analysis. Each of
these recently identified factors is interesting, and continued
research will give ever more biological insight as to the contribu-
tion of each of these factors to disease progression.

Advances in the overall care of patients with MBC has led to
improved trial designs and the possibility that analyses of prog-
nostic factors can be accounted for in studies' statistical plans. Data
from such trials will contribute to a more comprehensive under-
standing of each patient's unique disease phenotype and accelerate
our ability to offer personalized treatment.

Conflict of interest statement

The authors declare that they have no competing interests.

Funding and acknowledgements

Writing assistance was provided by John R. McGuire, PhD, of
MediTech Media, LLC and funded by Celgene Corporation. The au-
thors were fully responsible for all content and editorial decisions
for this manuscript.

References

[1] Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer sta-
tistics. CA Cancer J Clin 2011;61:69e90.

[2] Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA Cancer J Clin 2014;64:
9e29.

[3] Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JW,
Comber H, et al. Cancer incidence and mortality patterns in Europe: estimates
for 40 countries in 2012. Eur J Cancer 2013;49:1374e403.

[4] Howlader N, Noone AM, Krapcho M, Garshell J, Miller D, Altekruse SF, et al.
SEER Cancer Statistics review, 1975e2011. Bethesda, MD: National Cancer
Institute. Available at: http://Seer.cancer.gov/csr/1975_2011/ [accessed
01.09.2014].

[5] Colzani E, Johansson AL, Liljegren A, Foukakis T, Clements M, Adolfsson J, et al.
Time-dependent risk of developing distant metastasis in breast cancer pa-
tients according to treatment, age and tumour characteristics. Br J Cancer
2014;110:1378e84.

[6] Koboldt DC, Fulton RS, McLellan MD, Schmidt H, Kalicki-Veizer J,
McMichael JF, et al., for The Cancer Genome Atlas Network. Comprehensive
molecular portraits of human breast tumours. Nature 2012;490:61e70.

[7] Liedtke C, Mazouni C, Hess KR, Andre F, Tordai A, Mejia JA, et al. Response to
neoadjuvant therapy and long-term survival in patients with triple-negative
breast cancer. J Clin Oncol 2008;26:1275e81.

[8] Rouzier R, Perou CM, Symmans WF, Ibrahim N, Cristofanilli M, Anderson K,
et al. Breast cancer molecular subtypes respond differently to preoperative
chemotherapy. Clin Cancer Res 2005;11:5678e85.

[9] Esserman LJ, Berry DA, DeMichele A, Carey L, Davis SE, Buxton M, et al.
Pathologic complete response predicts recurrence-free survival more effec-
tively by cancer subset: results from the I-SPY 1 TRIALeCALGB 150007/
150012, ACRIN 6657. J Clin Oncol 2012;30:3242e9.

http://refhub.elsevier.com/S0960-9776(15)00129-0/sref1
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref1
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref1
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref2
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref2
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref2
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref3
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref3
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref3
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref3
http://Seer.cancer.gov/csr/1975_2011/
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref4
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref4
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref4
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref4
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref4
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref5
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref5
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref5
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref5
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref6
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref6
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref6
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref6
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref7
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref7
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref7
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref7
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref8
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref8
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref8
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref8
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref8
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref8


G. Arpino et al. / The Breast 24 (2015) 594e600 599
[10] Cianfrocca M, Goldstein LJ. Prognostic and predictive factors in early-stage
breast cancer. Oncologist 2004;9:606e16.

[11] Carter CL, Allen C, Henson DE. Relation of tumor size, lymph node status, and
survival in 24,740 breast cancer cases. Cancer 1989;63:181e7.

[12] Brufsky AM, Hurvitz S, Perez E, Swamy R, Valero V, O'Neill V, et al. RIBBON-2:
a randomized, double-blind, placebo-controlled, phase III trial evaluating the
efficacy and safety of bevacizumab in combination with chemotherapy for
second-line treatment of human epidermal growth factor receptor 2-negative
metastatic breast cancer. J Clin Oncol 2011;29:4286e93.

[13] Lang I, Brodowicz T, Ryvo L, Kahan Z, Greil R, Beslija S, et al. Bevacizumab plus
paclitaxel versus bevacizumab plus capecitabine as first-line treatment for
HER2-negative metastatic breast cancer: interim efficacy results of the
randomised, open-label, non-inferiority, phase 3 TURANDOT trial. Lancet
Oncol 2013;14:125e33.

[14] Robert NJ, Dieras V, Glaspy J, Brufsky AM, Bondarenko I, Lipatov ON, et al.
RIBBON-1: randomized, double-blind, placebo-controlled, phase III trial of
chemotherapy with or without bevacizumab for first-line treatment of human
epidermal growth factor receptor 2-negative, locally recurrent or metastatic
breast cancer. J Clin Oncol 2011;29:1252e60.

[15] Kim H, Choi DH, Park W, Huh SJ, Nam SJ, Lee JE, et al. Prognostic factors for
survivals from first relapse in breast cancer patients: analysis of deceased
patients. Radiat Oncol J 2013;31:222e7.

[16] Staudacher L, Cottu PH, Dieras V, Vincent-Salomon A, Guilhaume MN,
Escalup L, et al. Platinum-based chemotherapy in metastatic triple-
negative breast cancer: the Institut Curie experience. Ann Oncol 2011;22:
848e56.

[17] Dafni U, Grimani I, Xyrafas A, Eleftheraki AG, Fountzilas G. Fifteen-year trends
in metastatic breast cancer survival in Greece. Breast Cancer Res Treat
2010;119:621e31.

[18] Leonard RC, Rodger A, Dixon JM. ABC of breast diseases. Metastatic breast
cancer. BMJ 1994;309:1501e4.

[19] Chang J, Clark GM, Allred DC, Mohsin S, Chamness G, Elledge RM. Survival of
patients with metastatic breast carcinoma: importance of prognostic markers
of the primary tumor. Cancer 2003;97:545e53.

[20] Gennari A, Conte P, Rosso R, Orlandini C, Bruzzi P. Survival of metastatic breast
carcinoma patients over a 20-year period: a retrospective analysis based on
individual patient data from six consecutive studies. Cancer 2005;104:
1742e50.

[21] Sledge GW, Neuberg D, Bernardo P, Ingle JN, Martino S, Rowinsky EK, et al.
Phase III trial of doxorubicin, paclitaxel, and the combination of doxorubicin
and paclitaxel as front-line chemotherapy for metastatic breast cancer: an
Intergroup trial (E1193). J Clin Oncol 2003;21:588e92.

[22] Palmieri D, Smith QR, Lockman PR, Bronder J, Gril B, Chambers AF, et al. Brain
metastases of breast cancer. Breast Dis 2006-2007;26:139e47.

[23] Tsukada Y, Fouad A, Pickren JW, Lane WW. Central nervous system metastasis
from breast carcinoma. Autopsy study. Cancer 1983;52:2349e54.

[24] Kennecke H, Yerushalmi R, Woods R, Cheang MC, Voduc D, Speers CH, et al.
Metastatic behavior of breast cancer subtypes. J Clin Oncol 2010;28:3271e7.

[25] Jung SY, Rosenzweig M, Sereika SM, Linkov F, Brufsky A, Weissfeld JL. Factors
associated with mortality after breast cancer metastasis. Cancer Causes Con-
trol 2012;23:103e12.

[26] Largillier R, Ferrero JM, Doyen J, Barriere J, Namer M, Mari V, et al. Prognostic
factors in 1,038 women with metastatic breast cancer. Ann Oncol 2008;19:
2012e9.

[27] Pierga JY, Robain M, Jouve M, Asselain B, Dieras V, Beuzeboc P, et al. Response
to chemotherapy is a major parameter-influencing long-term survival of
metastatic breast cancer patients. Ann Oncol 2001;12:231e7.

[28] Fountzilas G, Dafni U, Dimopoulos MA, Koutras A, Skarlos D, Papakostas P,
et al. A randomized phase III study comparing three anthracycline-free tax-
ane-based regimens, as first line chemotherapy, in metastatic breast cancer: a
Hellenic Cooperative Oncology Group study. Breast Cancer Res Treat
2009;115:87e99.

[29] Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Bajamonde A, et al. Use
of chemotherapy plus a monoclonal antibody against HER2 for metastatic
breast cancer that overexpresses HER2. N Engl J Med 2001;344:783e92.

[30] Sparano JA, Vrdoljak E, Rixe O, Xu B, Manikhas A, Medina C, et al. Randomized
phase III trial of ixabepilone plus capecitabine versus capecitabine in patients
with metastatic breast cancer previously treated with an anthracycline and a
taxane. J Clin Oncol 2010;28:3256e63.

[31] Insa A, Lluch A, Prosper F, Marugan I, Martinez-Agullo A, Garcia-Conde J.
Prognostic factors predicting survival from first recurrence in patients with
metastatic breast cancer: analysis of 439 patients. Breast Cancer Res Treat
1999;56:67e78.

[32] Coleman RE, Smith P, Rubens RD. Clinical course and prognostic factors
following bone recurrence from breast cancer. Br J Cancer 1998;77:336e40.

[33] Yamamoto N, Watanabe T, Katsumata N, Omuro Y, Ando M, Fukuda H, et al.
Construction and validation of a practical prognostic index for patients with
metastatic breast cancer. J Clin Oncol 1998;16:2401e8.

[34] O'Shaughnessy J, Gradishar WJ, Bhar P, Iglesias J. Nab-paclitaxel for first-line
treatment of patients with metastatic breast cancer and poor prognostic
factors: a retrospective analysis. Breast Cancer Res Treat 2013;138:829e37.

[35] Carey LA, Perou CM, Livasy CA, Dressler LG, Cowan D, Conway K, et al. Race,
breast cancer subtypes, and survival in the Carolina Breast Cancer Study.
JAMA 2006;295:2492e502.
[36] Clark GM, Osborne CK, McGuire WL. Correlations between estrogen receptor,
progesterone receptor, and patient characteristics in human breast cancer.
J Clin Oncol 1984;2:1102e9.

[37] Gluck S, de Snoo F, Peeters J, Stork-Sloots L, Somlo G. Molecular subtyping of
early-stage breast cancer identifies a group of patients who do not benefit
from neoadjuvant chemotherapy. Breast Cancer Res Treat 2013;139:759e67.

[38] Bauer KR, Brown M, Cress RD, Parise CA, Caggiano V. Descriptive analysis of
estrogen receptor (ER)-negative, progesterone receptor (PR)-negative, and
HER2-negative invasive breast cancer, the so-called triple-negative pheno-
type: a population-based study from the California Cancer Registry. Cancer
2007;109:1721e8.

[39] Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees CA, et al. Mo-
lecular portraits of human breast tumours. Nature 2000 Aug 17;406:747e52.

[40] Sorlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H, et al. Gene
expression patterns of breast carcinomas distinguish tumor subclasses with
clinical implications. Proc Natl Acad Sci U S A , 2001 Sep 11;98:10869e74.

[41] Baselga J, Cortes J, Kim SB, Im SA, Hegg R, Im YH, et al. Pertuzumab plus
trastuzumab plus docetaxel for metastatic breast cancer. N Engl J Med
2012;366:109e19.

[42] Verma S, Miles D, Gianni L, Krop IE, Welslau M, Baselga J, et al. Trastuzumab
emtansine for HER2-positive advanced breast cancer. N Engl J Med 2012;367:
1783e91.

[43] Feeley LP, Mulligan AM, Pinnaduwage D, Bull SB, Andrulis IL. Distinguishing
luminal breast cancer subtypes by Ki67, progesterone receptor or TP53 status
provides prognostic information. Mod Pathol 2014;27:554e61.

[44] The National Comprehensive Cancer Network. National Comprehensive Can-
cer Network Clinical Practice Guidelines in Oncology. Breast cancer. Version
3.2014. Available at: http://www.nccn.org/professionals/physician_gls/pdf/
breast.pdf [accessed 01.09.2014].

[45] Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL. Human
breast cancer: correlation of relapse and survival with amplification of the
HER-2/neu oncogene. Science 1987;235:177e82.

[46] Geyer CE, Forster J, Lindquist D, Chan S, Romieu CG, Pienkowski T, et al.
Lapatinib plus capecitabine for HER2-positive advanced breast cancer. N Engl J
Med 2006;355:2733e43.

[47] Pierga JY, Hajage D, Bachelot T, Delaloge S, Brain E, Campone M, et al. High
independent prognostic and predictive value of circulating tumor cells
compared with serum tumor markers in a large prospective trial in first-line
chemotherapy for metastatic breast cancer patients. Ann Oncol 2012;23:
618e24.

[48] Lucci A, Hall CS, Lodhi AK, Bhattacharyya A, Anderson AE, Xiao L, et al.
Circulating tumour cells in non-metastatic breast cancer: a prospective study.
Lancet Oncol 2012;13:688e95.

[49] Wallwiener M, Hartkopf AD, Baccelli I, Riethdorf S, Schott S, Pantel K, et al. The
prognostic impact of circulating tumor cells in subtypes of metastatic breast
cancer. Breast Cancer Res Treat 2013;137:503e10.

[50] Weissenstein U, Schumann A, Reif M, Link S, Toffol-Schmidt UD, Heusser P.
Detection of circulating tumor cells in blood of metastatic breast cancer pa-
tients using a combination of cytokeratin and EpCAM antibodies. BMC Cancer
2012;12:206.

[51] Hartkopf AD, Wagner P, Wallwiener D, Fehm T, Rothmund R. Changing levels
of circulating tumor cells in monitoring chemotherapy response in patients
with metastatic breast cancer. Anticancer Res 2011;31:979e84.

[52] Hayes DF, Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Miller MC, et al.
Circulating tumor cells at each follow-up time point during therapy of met-
astatic breast cancer patients predict progression-free and overall survival.
Clin Cancer Res 2006;12:4218e24.

[53] Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Matera J, Miller MC, et al.
Circulating tumor cells, disease progression, and survival in metastatic breast
cancer. N Engl J Med 2004;351:781e91.

[54] Cristofanilli M, Hayes DF, Budd GT, Ellis MJ, Stopeck A, Reuben JM, et al.
Circulating tumor cells: a novel prognostic factor for newly diagnosed met-
astatic breast cancer. J Clin Oncol 2005;23:1420e30.

[55] Elston CW, Ellis IO. Pathological prognostic factors in breast cancer. I. The
value of histological grade in breast cancer: experience from a large study
with long-term follow-up. Histopathology 1991;19:403e10.

[56] Liu MT, Huang WT, Wang AY, Huang CC, Huang CY, Chang TH, et al. Prediction
of outcome of patients with metastatic breast cancer: evaluation with prog-
nostic factors and Nottingham prognostic index. Support Care Cancer
2010;18:1553e64.

[57] Poikonen P, Sjostrom J, Amini RM, Villman K, Ahlgren J, Blomqvist C. Cyclin A
as a marker for prognosis and chemotherapy response in advanced breast
cancer. Br J Cancer 2005;93:515e9.

[58] Tazhibi M, Fayaz M, Mokarian F. Detection of prognostic factors in metastatic
breast cancer. J Res Med Sci 2013;18:283e90.

[59] de Azambuja E, Cardoso F, de Castro Jr G, Colozza M, Mano MS, Durbecq V,
et al. Ki-67 as prognostic marker in early breast cancer: a meta-analysis of
published studies involving 12,155 patients. Br J Cancer 2007;96:1504e13.

[60] Anderson H, Hills M, Zabaglo L, A'hern R, Leary AF, Haynes BP, et al. Rela-
tionship between estrogen receptor, progesterone receptor, HER-2 and Ki67
expression and efficacy of aromatase inhibitors in advanced breast cancer.
Ann Oncol 2011;22:1770e6.

[61] Delpech Y, Wu Y, Hess KR, Hsu L, Ayers M, Natowicz R, et al. Ki67 expression
in the primary tumor predicts for clinical benefit and time to progression on

http://refhub.elsevier.com/S0960-9776(15)00129-0/sref9
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref9
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref9
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref10
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref10
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref10
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref11
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref11
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref11
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref11
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref11
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref11
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref12
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref12
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref12
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref12
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref12
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref12
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref13
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref13
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref13
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref13
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref13
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref13
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref14
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref14
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref14
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref14
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref15
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref15
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref15
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref15
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref15
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref16
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref16
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref16
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref16
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref17
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref17
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref17
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref18
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref18
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref18
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref18
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref19
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref19
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref19
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref19
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref19
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref20
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref20
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref20
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref20
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref20
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref21
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref21
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref21
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref22
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref22
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref22
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref23
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref23
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref23
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref24
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref24
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref24
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref24
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref25
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref25
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref25
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref25
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref26
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref26
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref26
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref26
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref27
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref27
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref27
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref27
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref27
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref27
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref28
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref28
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref28
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref28
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref29
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref29
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref29
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref29
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref29
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref30
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref30
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref30
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref30
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref30
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref31
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref31
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref31
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref32
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref32
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref32
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref32
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref33
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref33
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref33
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref33
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref34
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref34
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref34
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref34
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref35
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref35
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref35
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref35
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref36
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref36
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref36
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref36
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref37
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref37
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref37
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref37
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref37
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref37
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref38
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref38
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref38
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref39
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref39
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref39
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref39
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref40
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref40
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref40
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref40
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref41
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref41
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref41
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref41
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref42
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref42
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref42
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref42
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref43
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref43
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref43
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref43
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref44
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref44
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref44
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref44
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref45
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref45
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref45
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref45
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref45
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref45
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref46
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref46
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref46
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref46
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref47
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref47
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref47
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref47
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref48
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref48
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref48
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref48
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref49
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref49
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref49
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref49
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref50
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref50
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref50
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref50
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref50
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref51
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref51
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref51
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref51
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref52
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref52
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref52
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref52
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref53
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref53
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref53
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref53
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref54
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref54
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref54
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref54
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref54
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref55
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref55
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref55
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref55
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref56
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref56
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref56
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref57
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref57
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref57
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref57
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref58
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref58
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref58
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref58
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref58
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref59
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref59


G. Arpino et al. / The Breast 24 (2015) 594e600600
first-line endocrine therapy in estrogen receptor-positive metastatic breast
cancer. Breast Cancer Res Treat 2012;135:619e27.

[62] Falato C, Lorent J, Tani E, Karlsson E, Wright PK, Bergh J, et al. Ki67 measured
in metastatic tissue and prognosis in patients with advanced breast cancer.
Breast Cancer Res Treat 2014;147:407e14.
[63] Ellis MJ, Perou CM. The genomic landscape of breast cancer as a therapeutic
roadmap. Cancer Discov 2013;3:27e34.

[64] Li S, Shen D, Shao J, Crowder R, Liu W, Prat A, et al. Endocrine-therapy-
resistant ESR1 variants revealed by genomic characterization of breast-
cancer-derived xenografts. Cell Rep 2013;4:1116e30.

http://refhub.elsevier.com/S0960-9776(15)00129-0/sref59
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref59
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref59
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref60
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref60
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref60
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref60
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref61
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref61
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref61
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref62
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref62
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref62
http://refhub.elsevier.com/S0960-9776(15)00129-0/sref62

	Features of aggressive breast cancer
	Introduction
	Methods
	Identifying factors
	Evaluating factors

	Results of systematic analysis
	Identification of factors
	Clinical features
	Site of metastasis/recurrence
	Visceral metastases
	Brain metastases

	Number of metastatic sites
	Short disease-free interval

	Biological features
	Histological and molecular subtypes
	HER2
	Triple-negative breast cancer (TNBC)

	Circulating tumour cells (CTCs) as prognostic and predictive markers
	Tumour grade
	Tumour size


	Discussion
	Conflict of interest statement
	Funding and acknowledgements
	References


