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Abstract

Metastatic breast cancer is a highly heterogeneous, rapidly evolving and devastating disease that 

challenges our ability to find curative therapies. RAS pathway activation is an understudied 

research area in breast cancer. EGFR/RAS pathway activation is prevalent in breast cancer with 

poor prognosis. The prognostic RAS pathway biomarkers can be used to identify resistant tumour 

clones, stratify patients and guide therapies.

Introduction

Breast cancer currently represents the second leading cause of cancer-related deaths among 

women in the United States [1]. In 2016 alone, an estimated 246660 women will be 

diagnosed and an additional 40450 women are expected to succumb to the disease process 

[1, 2]. By 2030, there are projected to be 294000 new cases, making breast cancer a growing 

public health concern [3–5]. The increased breast cancer screenings, major technical 

advancements in breast cancer imaging and early detection, and targeted anti-cancer 

therapies have contributed to significant decreases in morbidity and mortality since the 

1970s, and now more than 90% of patients with early-stage breast cancer have expected 

survival of much more than 5 years [2, 5]. Despite these amazing advancements, the 
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prognosis for patients with high-grade, locally advanced and metastatic breast cancers 

remains poor with average survival less than 2 years [2, 6–8]. State-of-the-art treatments, 

such as anti-HER2 therapy, anti-ER therapy, anti-PI3K and anti-mTOR therapy, tumour 

genome-guided combination therapies, stem cell therapy, and anti-CTLA-4/PD1 

immunotherapy, alone or in combination, are not curative in eradicating metastatic breast 

cancer [9–14]. The clinical reality is that despite similar clinical diagnoses and presentation, 

patients of en display diverse tumour response to standard therapies. The intrinsic diversity 

and evolving heterogeneity of their mammary tumours can become more pronounced in 

relapsed or metastatic tumours after therapeutic intervention and clonal selection by 

ineffective treatment. This de novo and acquired tumour heterogeneity leads to diverse 

tumour responses in neo-adjuvant and adjuvant setting following standard-of-care therapies, 

which in turn leads to varied clinical outcome and disparity in patient survival [6, 15, 16].

Currently, there are no reliable clinical biomarkers that can be used to consistently predict 

survival of patients with late-stage or metastatic breast cancers [6]. Classically utilized breast 

cancer biomarkers, such as estrogen receptor (ER), progesterone receptor (PR), and human 

epidermal growth factor receptor 2 (HER2) molecular subtypes, do not correlate with 

survival outcomes nor do they predict tumour responses to guided therapies in invasive 

disease [6]. Patients with malignant tumours are often subjected to full regimens of toxic 

therapies followed by a period of uncertainty awaiting to learn the response of their tumours 

and efficacy of their treatments. Unfortunately, some patients may be over-treated, which 

compromises their long-term quality of life, or, conversely, some patients may be under- or 

incorrectly treated and thus miss a critical window of opportunity to change prescribed 

anticancer regimens if therapy-resistant tumours persist after aggressive therapy. There is a 

pressing need to identify reliable, sensitive, and robust prognostic biomarkers to closely 

monitor tumour response in real-time, and, importantly, to determine whether first-line 

standard therapies prescribed are effective against high-risk and invasive mammary tumours, 

given diverse tumour response and intrinsic tumour heterogeneity [7, 16–21].

Current prognostic biomarkers used in breast cancer

Clinicopathological parameters such as patient age, TMN (tumour size, lymph node status, 

metastasis) staging, tumour grade and histology, and molecular subtype of breast tumours 

have become commonplace in justifying medical decision making and prescribing treatment 

modalities. Therapies for invasive and high-risk breast cancer (luminal, basal-like, HER2-

positive and triple-negative breast cancer) are routinely selected based on tumour ER, PR 

and HER2 status, in addition to aforementioned clinicopathological parameters [22–25]. The 

American Society of Clinical Oncology (ASCO) updated their clinical practice guidelines 

this year and according to the panel, only the current gold-standard biomarkers ER, PR, and 

HER2 should be used to guide treatment decisions, despite the fact they do not correlate 

with survival outcomes, nor predict tumour response to standard-of-care therapies [26].

ER-positive breast tumours account for the majority of cases worldwide [27]. Estrogen is the 

main stimulation for growth in the mammary tumours allowing this clinical biomarker to 

direct treatment planning and assess the benefit of mainstay anti-hormone therapies such as 

tamoxifen and aromatase inhibitors. The expression of PR is frequently associated with ER-
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positive tumours where less than 1% of mammary tumours are PR-positive and ER negative 

[27]. Furthermore, PR expression has shown strong prognostic value with high level PR 

expression in invasive breast tumours displaying better outcomes to anti-hormone treatment 

when compared to low level PR expression [28]. Current guidelines put forth by the ASCO 

recommend ER and PR testing of all new cases of primary and distant recurrent breast 

tumours [29].

HER2 status has been identified as a strong indicator of patient overall survival. Over-

expression of the HER2 oncogene leads to higher chances of relapse with shorter survival 

times. The development of anti-HER2 therapies, such as trastuzumab, in treating HER2 have 

been shown to have major benefit and therefore HER2 status is tested in the majority of 

breast cancer diagnoses [30]. Other emerging biomarkers such as Ki67 have a possible 

prognostic role in invasive breast cancers [31]. While the exact function is unknown, Ki67 is 

expressed in cycling tumour cells and it has strong correlation with tumour grade [31, 32]. 

Approaches to combining Ki67 with established biomarkers ER, PR, and HER2 are now 

being used to further distinguish breast cancers into clinical subtypes. However, the ASCO 

did not recommend using Ki67 to guide adjuvant therapies [29].

The ASCO has recognized the clinical utility of six multigene expression assays for specific 

subgroups of patients, including OncotypeDX (Genomic Health), Endo-Predict (Sividon 

Diagnostics), PAM50 (Prosigna Breast Cancer Prognostic Gene Signature Assay), Breast 

Cancer Index, urokinase plasminogen activator, and plasminogen activator inhibitor type 1 

[33–37]. Most of these assays are recommended for patients with early-stage breast cancers 

only; none of these multi-gene assays were encouraged for patients with HER2-positive or 

triple-negative cancers, in addition to late-stage or metastatic cancers [34, 35]. The 

development of these promising gene signature-based molecular assessment tools for breast 

cancer is encouraging for the personalization of breast cancer therapies; however, there still 

remains an unmet medical need for patients with locally advanced and metastatic breast 

cancers.

The potential role of RAS pathway proteins in the prognosis and treatment 

of breast cancer

The oncogenic K-RAS carries the most common gain-of-function mutations in human 

cancer (30% of all human cancers) and its oncogenic role has been well-established in many 

types of human cancers [38, 39]. Thus, focusing on this tumour-promoting RAS signalling 

pathway is a logical choice of investigation for prognostic biomarker discovery and novel 

anticancer therapy development against oncogenic K-RAS-driven human cancer [40, 41]. 

The RAS pathway has been an intensely studied area of cancer research due to its activation 

of downstream effectors resulting in tumour proliferation, survival and motility (Fig. 1A). 

The loss of its most essential downstream signalling gatekeeper, SIAH (seven in absentia 

homologue), impeded oncogenic K-RAS-driven human pancreatic cancer and lung cancer 

[40, 42, 43]. Although oncogenic K-RAS mutations are rarely detected in mammary 

tumours (observed in about 5% of patients), genomic studies have indicated that the EGFR/

HER2/K-RAS ‘pathway’ is activated in a large proportion of aggressive and malignant 
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breast cancers [44, 45]. EGFR/HER2/K-RAS activation has been correlated with shortened 

survival, resistance to therapy, and tumour relapse despite aggressive treatments in breast 

cancer [44–47]. The mechanism and function of persistent RAS pathway activation remains 

elusive in breast cancer. This lack of mechanistic understanding, along with the low 

mutation rate of oncogenic RAS/RAF/MARK detected in mammary tumours, may 

contribute to the tumour-driving RAS pathway activation being understudied in the area of 

breast cancer research. It should also be noted that activation of RAS pathway in mammary 

tissues of animal models is adequate to induce oncogenic transformation and malignancy 

[48, 49]. Therefore, although there may not be any detectable RAS mutations in high-grade, 

locally advanced and metastatic breast tumours, alternative RAS pathway activation 

mechanisms of the RAS pathway downstream effectors may be present, promoting 

mammary tumorigenesis and metastasis.

Since RAS pathway activation is a major and essential signalling hub to promote human 

malignancies, we investigated whether EGFR/HER2/RAS pathway bio-marker expression 

can be added to evaluate therapy efficacy and predict patient survival in breast cancer (Fig. 

1A). It has been established that expression of SIAH, the most downstream signalling 

module and the most evolutionarily conserved component of the RAS signalling pathway, 

reflects RAS pathway activation, cell proliferation, and tumour growth [40, 42, 43]. In a 

retrospective study, 364 matched pairs of breast tumour specimens from 182 patients who 

received neoadjuvant systemic therapy (NST) were analysed to determine whether SIAH 

and/or EGFR outperform ER, PR, HER2, and Ki67 as a prognostic biomarker in locally 

advanced and metastatic breast cancer. The prognostic power of SIAH and EGFR, alone or 

in combination, is comparable to the clinical gold standards of clinical predictors (lymph 

node positivity, mammary tumour size, grade, stage and molecular subtypes in 

combination), and imaging-guided technology [50]. The activation/inactivation of the 

tumour-promoting RAS pathway biomarkers, SIAH and EGFR, is associated with tumour 

progression/regression in mammary tumours post-neoadjuvant systemic therapies (NST). 

We found that a marked reduction in SIAH/EGFR expression post-NST would indicate 

effective therapy and increased survival, while persistent high SIAH/EGFR expression post-

NST would indicate ineffective therapy and decreased survival [50]. These results suggest 

that NST-induced reduction of SIAH and EGFR expression may be used as two useful 

surrogate prognostic biomarkers to quantify therapeutic efficacy, determine tumour 

responses, detect emerging resistant clones, and predict patient survival in high-grade and 

aggressive molecular subtype of breast cancer in the neo-adjuvant setting in the future (Fig. 

1B).

Conclusion

Early stage breast cancer is highly responsive to commonly prescribed standard of care 

therapies with excellent long-term survival. Locally advanced and metastatic breast cancer 

has a much worse prognosis despite aggressive chemo- and radiation therapies and 

locoregional surgical interventions. This disparity in prognosis underlines the acute need to 

tailor therapy and stratify patients in order to improve patient survival. The discovery of 

incorporating tumour heterogeneity-independent, therapy-responsive and tumour-driven 
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RAS pathway biomarkers is prognostic in breast cancer, have a clear clinical impact to 

benefit breast cancer patients with locally advanced and metastatic diseases.
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Figure 1. 
RAS pathway is prognostic in breast cancer. (A) A schematic illustration of the EGFR/

HER2/RAS signalling pathway is shown. The two upstream receptors, EGFR/HER2, the 

midstream kinases, phospho-ERK, and the most downstream signalling gatekeeper, SIAH 

E3 ligase, were highlighted. (B) SIAH and/or EGFR expression can be used to monitor 

tumour responses and identify resistant tumour clones post-NST and strategy patients. The 

therapy-induced changes in SIAH and EGFR expression, are highly prognostic in 

identifying effective/ineffective therapies, differentiating partial responders, identifying 

resistant tumour clones and predicting remission/relapse in breast cancer patients with 

lymph node metastases at first line therapy. EGFR, epidermal growth factor receptor; 

MAPK, mitogen-activate protein kinase; MEK, mitogen-activate protein kinase kinase; NST, 

neoadjuvant systemic therapy; RAF, rapidly accelerated fi brosarcoma; SIAH, seven in 

absentia homologue. (Adapted from van Reesema et al. SIAH and EGFR, two RAS pathway 

biomarkers, are highly prognostic in locally advanced and metastatic breast cancer. 

EBioMedicine 2016; 11: 183–198 [50]).
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