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Personomics – an innovative tool of precision medicine and its role in the 
individualized treatment of patients with breast cancer

Abstract 
Precision medicine considers specific biological characteristics of each individual patient to 
tailor diagnostic and therapeutic strategies to a given patient. This approach is particularly 
important for a growing number of patients with malignancies. Currently, some unique 
biological properties in the terms of different “omics” platforms (e.g., genomics, proteomics, 
transcriptomics, metabolomics, epigenomics, and pharmacogenomics) have been introduced 
to precision medicine. 
  In addition, specific personal characteristics of the patients have been described as 
personomics. It should be highlighted that personomics include an individual patient’s 
personality type, set of personal values, priorities, preferences, health-related beliefs, goals, 
economical status, and different life circumstances, which influence when and how a certain 
disease (e.g., breast cancer (BC)) can be manifested in a given person. As a consequence, 
personomics are considered to be an innovative clinical tool that is crucial for making a 
connection between the existing and emerging, more individualized model of medical care. 
This is particularly important among patients suffering from the most difficult to treat cancers 
(e.g., BC subtypes, such as the triple-negative BC (TNBC), and the human epidermal growth 
factor receptor 2 (HER2)-positive BC). 
  This mini-review addresses some research concepts in personalized medicine, focusing 
on personomics, which apply individualized data of the patient to the therapeutic plan. In this 
light, personomics can facilitate the transition from standard medical treatment to personalized 
medical management of individual women with BC. 
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Introduction

Over the past few decades, evidence-based medicine (EBM), 
using data from randomized controlled trials (RCTs) contributed 
to the development of clinical practice guidelines for the majority 
of commonly occurring diseases, including different types of 
malignancies [1]. According to the EBM guidelines, the treatment 
was predominantly focused on groups of patients, who shared 
similar diseases, in comparable stages of progression [1]. Since 
such practice guidelines did not consider the patient’s individual 
variability, some of the recommended approaches could have been 
inappropriate to the individual patients (e.g., those with difficult to 
treat malignancies, multiple comorbidities, or advanced age). As 
a consequence, the therapeutic recommendations were typically 
based on a prediction about health outcomes and evaluation of 
benefit to risk ratios, derived from the groups of patients, who 
resembled the patient in need of certain treatment. Furthermore, 
many of the vulnerable patients with cancers could receive various 
unnecessary medications or procedures, leading to different 
adverse reactions, and high medical expenses [1]. Currently, this 
strategy has been modified, to some degree, with the emergence 
of precision medicine and personalized medicine approaches 
[2]. This article presents some research concepts in personalized 
medicine, focusing on personomics that can play the role of the 
“bridge” connecting traditional healthcare with personalized 
medicine. Furthermore, this mini-review highlights some unique 
advantages of approaching patients with cancer “as people”, so that 
professional medical care can be more adequately tailored to their 
specific health-related needs. It also describes how personomics 
can facilitate the transition from the standard medical treatment to 
personalized medical management of the individual women with 
the most difficult to treat BC subtypes. 

The main tools of precision medicine and the unique role of 
personomics

In essence, precision medicine is the application of modern medical 
sciences to characterize individual patients, based on their unique 
biological characteristics [2]. By using information from various 
biological “omics” platforms (e.g., genomics, transcriptomics, 
proteomics, metabolomics, epigenomics, and pharmacogenomics), 
precision medicine creates accurately tailored diagnostic and 
therapeutic strategies, aimed at improving the management of 
various medical conditions [2]. 
  The main goal of precision medicine in the oncology area is to 
individualize every patient’s management (based on a careful 
evaluation of the risk of cancer progression or recurrence), along 
with the entire duration of the malignancy course ( e.g., diagnostic 
work-up, treatment process, monitoring, and survivorship period) 
[2]. Figure 1 illustrates the main components of the precision 
medicine and personalized model of healthcare [2]. In order 
to make measurable improvements in the patients’ outcomes, 
the information from precision medicine needs to be properly 
integrated (e.g., starting from the molecular level, through cells, 
tissues, organs, systems, and whole organisms, to the population 
level) [3]. At this point, systems biology needs to be used, 
incorporating high throughput technologies to generate large data 
sets, which will contribute to expanding many interconnected 
aspects of human biology[3]. Furthermore, these data should be 
disseminated, so that the predictive, preventive, personalized, 
and participatory (also known as P4) medicine system can be 
developed [3]. For improvement of the patient’s management, 
valuable data derived from “omics” have enormous potential. 
However, this model of precision medicine does not typically 
include the patient’s individual variability, relevant to the life 
experiences or circumstances of a given person. In fact, these 

issues are crucial for the creation of the most accurate patient’s 
profile. 
  The “personomics” includes the psychosocial, behavioral, 
cultural, and economic factors, which influence the patient’s health 
beliefs, the attitude towards diseases, and the potential engagement 
in the relations with healthcare providers [4]. In other words, 
the “personomics” encompasses the patient’s priorities, values, 
goals, needs, preferences, and support systems. A consideration of 
these personal circumstances is very helpful for a comprehensive 
understanding of the health conditions of individual patients 
[4]. Therefore, similarly to the biological instruments of 
precision medicine, personomics can serve as a valuable tool to 
operationalize the personalized medical care [4]. 

A place of personomics in the academic teaching - the Aliki 
Initiative   

A concept of personomics acknowledges that individual patients 
present a wide spectrum of personal variabilities, life situations, 
and social structures, which can contribute to their health-related 
outcomes (e.g., when and how a specific medical condition will be 
manifested in a given individual, or what may be the therapeutic 
response to a given medication) [4, 5]. The personomics approach 
to the patient’s medical history taking includes five structured 
components, which can be addressed during the medical interview, 
recorded, and implemented into clinical practice (Figure 2) [5, 6]. 
As an illustration, a physicians’ survey, addressing the patient’s 
concerns, personal relationships, jobs, hobbies, and the patient’s 
views of the patient-physician relationships can provide some 
valuable details for improvement of the patient-centered care [6, 7].
Recently, to incorporate the information from different “omics”, 
including personomics, into the patient management, the Aliki 
Initiative (AI) has been developed at Johns Hopkins Bayview 
Medical Center, in the U.S. [8, 9]. The AI (a patient-centered 
curriculum for internal medicine residents) is a program that 
includes a focused strategy for academic teaching, addressing the 
main aspects of personomics. The AI promotes the evidence-based 
diagnostic work-up, therapeutic process tailored to a given patient, 
and consistent follow-up [9]. Such an individualized, “humanistic” 
approach often translates into an improvement of the patient’s 
satisfaction, reduced number of medical errors and unnecessary 
hospitalizations [10]. 
 
Considerations of personalized medical care for women with 
breast cancer – opportunities and limitations

It should be highlighted that the transition from the standard 
healthcare to personalized medicine can be facilitated by asking 
direct questions about a patient as a person (rather than strict 
inquiring about medical symptoms). This, in turn should aid 
in providing adequate medical care (consistent with the patient 
expectations, needs and goals), and hopefully may lead to 
improved outcomes [11, 12]. The information about a hormone 
receptor (HR) status, such as the estrogen receptor (ER), the 
progesterone receptor (PR), and the human epidermal growth 
factor receptor 2 (HER2) status allows clinicians to choose the 
most appropriate, molecularly targeted therapies, based on the 
tumor’s assessment [11, 12]. 
  The personalized approach can favorably change the prognosis 
of many women suffering from breast cancer (BC), especially 
in case of the most difficult to treat BC subtypes (e.g., the 
triple-negative BC and HER2-positive BC) [11, 12, 13, 14]. 
Approximately 15–20% of BCs overexpress HER2 that is related 
to aggressive tumor behavior and decreased survival [15, 16]. 
Therefore, targeted treatments with humanized monoclonal 
antibodies that block HER2 (e.g., trastuzumab and pertuzumab) 
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[17] have been implemented for patients with HER2-positive BC, 
in addition to systemic therapy (e.g., chemotherapy (CHT)) in 
order to improve outcomes [17, 18]. In addition, lapatinib, a small 
molecule that reversibly inhibits HER1 and HER2, is another 
treatment option for patients with metastatic HER2-positive BC, 
who have progressed after treatment with conventional CHT and 
trastuzumab [19, 20]. 
  In spite of remarkable progress in precision medicine, some 
important limitations exist in the oncology area. For instance, 
some trials of anticancer treatments, guided by genetic sequencing, 
have revealed different safety concerns, probably due to the 
intratumor heterogeneity [21]. In particular, it has been reported 
that targeted therapies were able to (only to some degree) block the 
main signaling pathways, which also operate in the healthy cells 
[21]. As a result, such treatments have frequently been associated 
with dose-limiting adverse effects. Moreover, malignant cells 
usually develop resistance to therapeutics, which target a single 
signaling pathway. For this reason, combinations of targeted 
therapies, which simultaneously block various pathways are 
necessary. Unfortunately, the adverse effects of such combinations 
can reduce a patient’s tolerability of effective therapeutic doses.
In response to this obstacle, an application of the personomics 

offers valuable help to clinicians. In particular, they may use 
additional, personal information about a given patient, in an 
attempt to optimize the medical management [22]. This includes 
taking into consideration the patient’s age and general psycho-
physical condition ( e.g., the patient’s main goals or needs, as 
well as comorbidities, poly-pharmacotherapy, hepatic or renal 
insufficiency) and combine these data with the molecular subtype 
of this patient’s BC [22]. Furthermore, the medical team should 
inquire about the patient’s medical insurance and support system 
(e.g., family, friends, home and work environment), as well as 
financial resources that will help determine whether or not she 
can afford certain medications recommended for her specific BC 
subtype. 

Selected therapeutic targets in advanced or metastatic 
triple-negative breast cancer (TNBC) – correlations with a 
personalized approach

Triple-negative BC (TNBC) (Estrogen Receptor (ER)-negative, 
Progesterone Receptor (PR)-negative, and HER2-negative BC) 
is a very heterogeneous type of BC, with a high risk of relapse 
[23]. The following TNBC subtypes have been determined: basal-
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Figure 1. Precision medicine and personalized care – the main interconnected components.



like (BL) (BL1 and BL2), immunomodulatory, mesenchymal, 
mesenchymal stem-like 1, luminal androgen receptor (LAR) 
and unstable [24]. Due to the heterogeneity, therapy of TNBC is 
very difficult. In contrast to HR-positive or HER2-positive BC, 
TNBC does not respond to endocrine therapy or targeted therapy 
with trastuzumab. CHT is the systemic treatment option that can 
improve the prognosis of TNBC (to a greater degree than in HR-
positive BC subtypes) [25]. 
  Recently, an enzyme poly adenosine diphosphate-ribose 
polymerase (PARP) (which is involved in base-excision repair 
after DNA damage) has been found to be a clinical target in 
patients with TNBC [26]. Based on the OlympiAD and the 
EMBRACA trials (Table 1), it has been reported that using 
PARP inhibitors (olaparib and talazoparib) is beneficial and safe 
for women with metastatic BC, associated with germline (g) 
BRCA1/2 mutations [26, 27]. The OlympiAD study has revealed 
that patients who received olaparib had a 40% improvement in 
median PFS, compared standard-of-care CHT [26]. In addition, 
this treatment was well-tolerated and the health-related QoL was 
improved in the PARP inhibitor arm over standard CHT. Likewise, 
the EMBRACA trial has reported that talazoparib was associated 
with over 40% improvement in median PFS compared to standard 

CHT) [27]. Similarly, favorable results of veliparib (another PARP 
inhibitor), in combination with carboplatin have been reported [28]. 
For instance, the rate of pathological complete response (pCR) 
in the TNBC patient population was 51% in the group receiving 
veliparib-carboplatin (added to the standard treatment), compared 
to 26% in the control group, receiving the standard treatment only 
(docetaxel, doxorubicin, and cyclophosphamide) [28]. In addition, 
some correlations between the TNBC subtypes, pCR status, and 
patient survival have been noted. For instance, the BL1 subtype of 
TNBC had the highest pCR rate (52%), comparing to BL 2 (0%), 
and LAR (10%) subtypes [29]. Unfortunately, the mesenchymal 
subtype of TNBC had the worst pCR and overall survival (OS) 
rates [29]. According to the GeparTrio trial that assessed the 
androgen receptor (AR) expression in women with primary BC 
(who were treated with neoadjuvant docetaxel, doxorubicin, 
and cyclophosphamide) no significant differences between the 
pCR rates of women with AR-positive TNBC (29.2%) and the 
ones with AR-negative TNBC tumors (33.3%) were noted. [30]. 
Concurrently, it has been reported that the LAR subtype of TNBC 
(that has high expression of genes LAR and GATA3), is related 
to a more favorable prognosis than tumors, which harbor cancer 
stem cell markers [31]. At present, targeting specific molecules that 
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Figure 2. Structured parts of personomics for the patient’s medical history taking.
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contribute to the development of new treatment targets for TNBC 
is more accessible, due to the BC genome sequencing, resulting 
in the identification of more than two thousand somatic mutations 
(e.g., p53, PIK3CA, and PTEN) [32].
  Since a metastatic TNBC still remains one of the biggest 
therapeutic challenges, it is necessary to choose a reasonable 
treatment strategy (e.g., a PARP inhibitor), for an individual 
patient. Since the gBRCA-directed therapies are available, it 
is important to search for these mutations, to help guide the 
application of PARP inhibitors. In practical terms, the treatment 
side-effects can aid in the selection of olaparib (associated with 
nausea) versus talazoparib (associated with cytopenias, including 
anemia, thrombocytopenia, and neutropenia, and alopecia) [26, 
27]. Also, when there are various treatment modalities, but no 
significant differences in survival with one agent over another, the 
patient’s preferences, related to the QoL, should be a priority in 
making a therapeutic choice.

Current and emerging targeted therapies in HER2-

positive advanced or metastatic BC

Approx i mately  20% of  i nvasive BC present s  H ER 2 
overexpression, and the HER2 gene amplification is related to the 
augmented metastatic potential and reduced overall survival (OS) 
rates [33]. The HER2 expression can be monitored during the 
course of the HER2-positive BC, based on the circulating tumor 
cells (CTCs) and liquid biopsy assessment [34]. The presence of 
CTC has been related to poor prognosis in women with both early 
and metastatic stages of BC [35, 36]. Moreover, monitoring of the 
CTCs during therapy of metastatic BC may predict progression-
free survival (PFS) and OS rates [37]. In addition to well 
established targeted therapy including trastuzumab and lapatinib, 
pertuzumab (a HER2 dimerization inhibitor) and taxanes (as first-
line CHT), have been recommended for patients with advanced 
HER2-positive BC, who had disease progression on trastuzumab 
[38, 39]. However, in spite of many favorable effects of such 
therapies (used alone or in combination with CHT), the therapeutic 
resistance has been developed in more than 30% of patients [40]. 

Table 1. Examples of targeted treatments for patients with TNBC and HER2-positive BC.

Therapeutic 
agent 

Molecular 
target  

Clinical trial 
phase 

Design and implications of the trial; patients’ outcomes [reference 
number]

Olaparib PARP 
inhibitor

OlympiAD 
Phase 3 
NCT02000622

Efficacy and safety of olaparib vs. standard CHT in patients with gBRCA 
mutations, HER2-negative metastatic BC; 
PFS was improved in the olaparib group [26] 

Talazoparib PARP 
inhibitor

EMBRACA 
phase 3
NCT01945775

Efficacy and safety of talazoparib vs. standard CHT in patients with gBRCA 
mutations, HER2-negative, advanced or metastatic BC; 
PFS and QoL were improved in the talazoparib group [27]

Veliparib PARP 
inhibitor

I-SPY 2 TRIAL
phase 2
NCT01042379

Veliparib-carboplatin added to standard therapy resulted in higher rates of 
pCR than the standard therapy alone, in  patients with TNBC [28]

Trastuzumab HER2  
inhibitor 

HERA (HERceptin 
Adjuvant)
phase 3
NCT00045032

1 year of adjuvant trastuzumab after CHT for patients with HER2-positive 
early BC significantly improved long-term DFS (compared with observation) 
[14]

Pertuzumab  HER2 inhibitor
CLEOPATRA
phase 3
NCT00567190

Combination of pertuzumab with docetaxel and trastuzumab, in patients with 
HER2-positive metastatic BC increased PFS [42] 

Trastuzumab 
emtansine 
(T-DM1)

antibody-drug 
conjugate:
HER2 inhibitor,  
microtubule 
inhibitor 

EMILIA
phase 3
NCT00829166

T-DM1 prolonged PFS and OS, with less toxicity (compared to lapatinib 
plus capecitabine), in patients with HER2-positive advanced BC, previously 
treated with trastuzumab and a taxane [45]

Neratinib TK inhibitor
(irreversible)

ExteNET
phase 3
NCT00878709

Neratinib was investigated for its efficacy and safety, after trastuzumab-based 
adjuvant treatment, in patients with early stage HER2-positive BC; neratinib 
improved DFS (when applied after CHT and trastuzumab) [44]

Abbreviations: BC, breast cancer; g, germline; HER2, human epidermal growth factor receptor 2; gBRCAm, germline BRCA-
mutation; CHT, chemotherapy; DFS, disease-free survival; OS, overall survival; PARP, poly (ADP-ribose) polymerase; pCR, 
pathological complete response; PFS, progression-free survival, QoL, quality of life; TNBC, triple-negative breast cancer; TKI, 
tyrosine kinase inhibitor; vs., versus

about:blank
about:blank
about:blank
about:blank
about:blank


K Rygiel et al./Asia-Pacific Journal of Oncology 2020; 1: 1-86

The mechanisms of this resistance may involve the reactivation 
of HER family signaling pathways or the activation of survival 
pathways (e.g., insulin-like growth factor-1 receptor (IGF-1R)) [40]. 
Moreover, the upregulation of HER3 (a member of EGFR family) 
activity creates an “escape route” by which tumor cells can bypass 
the inhibition of the HER family receptors or the inhibition of the 
downstream PI3K-AKT-mTOR signaling pathway [41]. 
  In the CLEOPATRA trial, conducted in women with metastatic 
HER2-positive BC, the combination of pertuzumab with docetaxel 
and trastuzumab was used, and an increased PFS was reported 
(Table 1) [42]. Unfortunately, some HER2 somatic mutations 
(e.g., activating mutations, which probably drive tumorigenesis) 
are resistant to lapatinib [43]. However, it is possible to overcome 
this resistance by using neratinib (an irreversible TKI of HER1, 
HER2, and HER4) [43]. For instance, in the ExteNET trial, 
neratinib has been investigated for its efficacy and safety, after 
trastuzumab-based adjuvant treatment, in a large group of  patients 
with early-stage HER2-positive BC [44]. The results of this trial 
have shown that neratinib improved DFS (when applied after 
CHT and trastuzumab) (Table1) [44]. In order to further address 
resistance to anti-HER2 therapy, some new strategies have been 
developed, such as trastuzumab emtansine (T-DM1) [45]. T-DM1 
is an antibody-drug conjugate incorporating the HER2-targeted 
antitumor properties of trastuzumab and the cytotoxic activity of 
the microtubule-inhibitory agent DM1 [45]. In the EMILIA trial, 
conducted among women with HER2-positive advanced BC, 
it has been noted that T-DM1 prolonged PFS and OS, with less 
toxicity, compared to lapatinib plus capecitabine (an agent from 
fluoropyrimidine family) in women with HER2-positive advanced 
BC, who were previously treated with trastuzumab and a taxane 
(Table 1) [45]. 

An impact of the personalized approach on patients with 
HER2-positive BC - focus on cardiovascular safety

Targeted anti-cancer therapy, such as treatment with trastuzumab 
has shown a 50% reduction in cancer recurrence rates and over 
30% improvement in survival outcomes of patients with HER2-
positive BC [14]. However, trastuzumab has contributed to 
cardiotoxicity (e.g., asymptomatic left ventricular ejection fraction 
(LVEF) decline or overt heart failure (HF) onset), particularly in 
older women [14]. Fortunately, trastuzumab-induced cardiotoxicity 
is reversible, and prompt evaluation of such patients, even 
before the initiation of trastuzumab can reduce potential cardiac 
side effects. Studies have revealed that angiotensin-converting 
enzyme inhibitors (ACEI) (e.g., enalapril) and beta-blockers (BB) 
(e.g., carvedilol) exert protective actions against CHT-induced 
cardiotoxicity [46]. Moreover, the MANTICORE trial assessing 
the effectiveness of an ACEI (perindopril) and BB (bisoprolol) 
in primary prevention of trastuzumab-induced cardiotoxicity 
has shown that these two agents had beneficial effects on LVEF 
among patients with HER2-positive, invasive BC treated with 
trastuzumab [47]. Furthermore, the PRADA trial has revealed 
that the angiotensin-receptor blocker (ARB), candesartan, but 
not the BB, metoprolol, resulted in less early LVEF deterioration 
compared to placebo during anthracycline-containing CHT with 
or without trastuzumab and radiation therapy [48]. 
  It should be underscored that not only advanced age but 
also pre-existing cardiovascular diseases (CVD) increase the 
risk of trastuzumab-induced cardiotoxicity. Therefore, using 
a personalized approach (e.g. patient’s education focused 
on cardiovascular (CV) health), combined with regular CV 
monitoring and necessary treatment is of critical importance. 
This includes serial assessment of LVEF (e.g., echocardiography 
(ECHO), cardiac biomarkers (e.g., troponin I), and renal function 
parameters, as well as using pharmacotherapy (e.g., ACEIs, BBs, 

or ARBs) for individual patients [49]. In addition, the treatment 
teams should realize that chronological age is not the main factor 
for treatment decision-making. In fact, individual CV risk factors 
and preexisting CVD, or other comorbidities (renal, hepatic, 
and metabolic), as well as the patient preferences should play a 
key role in the multidisciplinary management [49]. In this way, 
personomics can have a positive impact on the prevention of 
potential CV complications in patients with BC.

Integration of personomics into shared decision-making in 
patients with metastatic BC 

Structured parts of personomics (Figure 2) are helpful to 
physicians, in terms of learning about their patients’ preferences 
and needs. This requires respectful professional relationships with 
medical providers, and open discussions during therapeutic visits. 
The shared decision-making is a process of gathering personal 
information about the patients and subsequently negotiating how 
to deliver the most acceptable treatment strategies for them (e.g., 
the benefits and risks of therapeutic options should be analyzed by 
oncology teams with the active participation of patients) [50]. A 
referral to clinical trials is an important consideration, since many 
innovative agents are currently being developed, and patients 
should have an opportunity to explore them, even in metastatic 
stages of BC [26]. Also, depending on the patient’s location, it may 
be useful to optimally match patients to the clinical trials (e.g., 
choose a 3-weekly treatment regimen for patients, who live far 
from oncology centers, versus a weekly regimen). 
  In addition, it is usually helpful to describe the incurable nature 
of the metastatic BC (that is similar to many other, less threatening 
chronic diseases). Also, it should be highlighted that introducing 
palliative care (also referred to as supportive care) from the early 
stages of management is of value to many patients. Palliative care 
involves the existential domain (e.g., the goals of care and patient’s 
personal values and wishes), the practical aspects of providing 
symptomatic control (e.g., pain, insomnia, nausea, vomiting, etc.) 
and some holistic modalities improving the QoL. Furthermore, 
palliative care can positively influence survival (especially, when 
some adverse effects of pharmacotherapy are promptly alleviated, 
and comprehensive comfort care is provided) [51]. Also, frequent 
reviewing of the dynamically changing goals of care, with the 
women with metastatic BC, can help ensure that the physicians 
are making therapeutic decisions in harmony with their patients’ 
physical and psychological conditions.

Conclusion

Incorporating molecular and genomic test results in clinical 
decision-making is becoming an important part of oncology 
practice. However, the clinical impact of genomics is often 
limited by the physicians’ ability to interpret this growing body of 
information. In these circumstances, accessible knowledge bases, 
clearly describing clinical implications of modern diagnostic and 
therapeutic advances are urgently needed.
  In reality, standard clinical practice guidelines are relevant to 
so-called “average patients”. However, physicians do not treat 
hypothetical “average patients”. Therefore, such “average” 
recommendations may not be sufficient to manage individual 
women with BC. 
  Precision medicine presents a remarkable opportunity for 
targeted treatments and individualized management plans, 
depending on the patient’s unique biological features. In order to 
accurately utilize this potential, clinicians need to apply the data 
from the “omics” platforms, and skillfully combine them with 
specific information about patients “as people”. 
  It should be highlighted that personomics can offer unique value, 
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as a tool to facilitate shared decision-making, focused on the 
personal goals and life circumstances of individual patients. It is 
important to realize that the patients differ in priorities, which they 
wish to be considered in therapeutic decision-making. Due to such 
differences in views on the BC management, between patients 
and oncology team members, an open communication, relevant to 
personal preferences and treatment goals, should be encouraged 
during each step of the therapeutic journey. Despite rapid progress 
in the characterization of some mutations and driver genes, as 
well as the development of innovative targeted therapies for 
different BC subtypes (e.g., TNBC and HER2-positive BC), many 
challenges still remain. For instance, the resistance to treatment, 
the adverse effects of many targeted anti-BC therapies, and the 
tumor heterogeneity represent some of the most difficult issues. 
To effectively address such challenging problems and improve 
outcomes of women with BC, continuous multidisciplinary efforts 
are needed. They should be focused not only on novel therapeutic 
targets and biomarkers but also on a personalized approach to 
individual women suffering from BC.
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