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Introduction

In the early twentieth century, there was a tendency to 
overcompensate for a rudimentary understanding of 
pathology by performing extensive, possibly excessive 
surgery, as attested by reports in the year 1929, where 
mastectomies were being performed for entities described 
as ‘chronic cystic mastitis’ or ‘papillary cystadenoma’, which 
eventually proved to be benign (1). Advances in pathology 
allowed definitive diagnosis of malignant disease and 
appropriate selection of patients for mastectomy, with a 
concomitant reduction in the extent of surgery for benign 
conditions. Mastectomy formed the mainstay of treatment 
for breast cancer until prospective randomised controlled 
trials (RCTs) in the late twentieth century demonstrated 
non-inferior survival outcomes with breast conservation 
treatment (BCT) (2). This process represented the blueprint 
of de-escalation of surgical therapy, where selection of 
appropriate candidates was based on clinical parameters, 

comprising tumor size and palpability of lymph nodes (2,3). 
A parallel development of interest which occurred with the 
introduction of BCT was the demonstration of multiple 
ipsilateral breast malignancies (4,5). Warnings were sounded 
that the treatment of a clinically unifocal tumor would result 
in residual foci of cancer, leading to poor local control. 
However, this initial concern was sufficiently allayed when 
the results of the National Surgical and Adjuvant Breast and 
Bowel Project (NSABP) B-06 study were reported, leading 
to the conclusion that radiotherapy played a significant role 
in eradicating and controlling subclinical tumor foci (6,7). 
In the further course of pathologic development, estrogen 
and progesterone receptors (8), prognostic indices (9), 
and axillary nodal involvement contributed to therapeutic 
decisions regarding adjuvant treatment (10).

The discovery of the molecular structure of deoxyribose 
nucleic acid (DNA) in 1953 by Watson & Crick (11), and 
the completion of the genome project (12) marked the 
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beginning of the genomic era, making identification of 
specific tumor mutations possible. Molecular signatures have 
both prognostic and predictive capabilities for therapeutic 
intervention. Thus far, genomics have been applied to 
intensifying or de-escalating medical therapy. There is 
preliminary data on its use for radiotherapy. However, 
contemporary evidence on precision surgery in the genomic 
era is scarce, particularly so for multifocal multicentric 
breast cancer (MFMCBC). This review therefore seeks 
to explore the use of genomics in individualizing surgical 
decisions for MFMCBC.

Methods

A MEDLINE (PubMed) search based on the Preferred 
Reporting Items for Systematic Review and Meta-
Analysis (PRISMA) guidelines (13) was conducted using a 
combination of the terms ‘precision’, ‘surgery’, ‘multifocal’, 
‘multicentric’, ‘breast’, ‘cancer’ and ‘genomics’. Articles 
which were not in English, where abstracts only were 
available and those which did not identify the use of 
genomics in surgical decision making were excluded. 
References of relevant articles were scrutinised for pertinent 
studies. The search was performed in November 2019 and 
there was no prior time limit set for inclusion of data.

Results

Literature search

There were a total of 509 potential citations from the initial 
MEDLINE search (Figure 1).

Amongst these, five articles discussed application of 
molecular profiling in surgical therapeutics. There was a 
nil return for articles specific to the combination of search 
terms: ‘genomics’ and ‘surgery’ and ‘multifocal multicentric 
breast cancer’. Hence, articles were gleaned from additional 
searches using broader terms. In total, 28 articles discussing 
relevant issues pertaining to genomics, surgery and 
MFMCBC were included in this review. It is noteworthy 
that there were no studies reporting the use of genomics 
to guide decision-making in terms of surgical therapeutic 
approach outcomes, nor were there any data on biomarkers 
for predicting ipsilateral or contralateral breast cancer. Due 
to the paucity of studies relating to genomics and treatment 
selection in this clinical setting, a narrative review was 
performed.

Discussion

Sick lobe hypothesis and MFMCBC

The presence of multiple ipsilateral breast cancer (MIBC) 
foci was established at the same time period as the 
initiation of BCT (3-6). It was demonstrated that occult 
foci of malignancy was detected in 63% of cases thought 
to be unifocal in nature, with 43% occurring more than 
2 cm from the index lesion (6). In this context, caution 
was sounded against the routine use of BCT. However, 
this warning was overridden by the results of the NSABP 
B-06 study, which reported adequate local control with 
BCT when negative margins were obtained together 
with whole breast radiotherapy (WBRT) (7). This data, 
together with evidence from other prospective RCTs, led 
to the establishment of BCT as the preferred modality 
of surgical treatment for early breast cancer (14). These 
guidelines, however, did not extend to clinically detected 
MFMCBC and as early studies suggested poorer local 
control with BCT (15,16), initial recommendations favored  
mastectomy (17).

The ‘sick lobe’ hypothesis was derived through 
comprehensive study of the complexities involving breast 
anatomy and pathology (18,19). Detailed analysis of large 
format histology sections provided ability to differentiate 
unifocal, multifocal (MF), diffuse and multicentric (MC) 
disease (19,20). It is postulated that genetic instability 
and susceptibility originates during embryology, and 
these aberrations are distributed along the arborization of 
ducts all along the individual lobe to the terminal lobular 
ductal units (TDLUs) (20). Further mutagenesis within 
a single duct or TDLU results in unifocal cancer, while 
simultaneous carcinogenic changes at several points within 
the same lobe produced MF disease. Concurrent changes in 
more than one lobe generated MC tumors. Disease within 
the same lobe, therefore, would be expected to harbor 
similar genetic mutations, while it might be predicted 
that those in different lobes, or true MC disease, will have 
genomic heterogeneity.

Implications of genomics in classification of MFMCBC

Interestingly, independent of large format histology, a 
recent study conducted on the genomic characteristics of 
MF cancer appear to support the sick lobe theory (21). 
In this study by Desmedt et al., multifocal breast cancer 
(MFBC) was defined as any ipsilateral, synchronous tumors 
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presenting with separate invasive lesions. MFBC was not 
differentiated from MC disease by distance of separation 
or according to lobar anatomy. Based on the analysis of the 
genetic mutations in homogenous phenotypic ductal MFBC 
lesions in terms of grade, estrogen receptor (ER) and human 
epidermal growth factor receptor 2 (HER2), the researchers 
were able to identify three ‘genomic’ groups. Thirty-one 
percent of tumors were referred to as the ‘homogeneous’ 
group where all MF lesions carried the same mutations. The 
second or ‘intermediate group’, comprising 36% of patients, 
had both common and private mutations. The third group 
of patients had no single mutation in common among 
all samples from the investigated lesions. This last group 
was categorized as ‘heterogeneous’. The only association 

of significance between inter-lesion heterogeneity and 
clinico-pathological characteristics was that of inter-lesion 
distance. It was noted that the lesions from patients of the 
heterogeneous group were further apart from each other 
than those from patients of the homogeneous group. This 
observation supports the concept of the sick lobe theory, 
where it is postulated that a susceptible progenitor cell 
develops during embryology and retains the mutation, 
which passes on through mitosis to its cell lineage during 
mammary gland formation at puberty. These aberrant 
cells are dispersed along the ductal tree and within the 
TDLUs. The finding of genomic similarity for lesions in 
close proximity, would therefore be consistent with this 
hypothesis. The ‘homogenous’ group identified by Desmedt 

Figure 1 Diagram, modified from PRISMA chart, detailing identification of studies included in narrative review. PRISMA, Preferred 
Reporting Items for Systematic Review and Meta-Analysis.
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et al. would correspond to true MFBC, where lesions arise 
from elements within a single lobe. Extrapolating this 
concept to MC disease, different anomalous progenitor cell 
lines mature into separate lobes, resulting in heterogeneous 
mutations. This is consistent with the finding of greater 
inter-lesion separation. Furthermore, the proportion of 
patients with lesions sharing at least a fraction of identified 
mutations by targeted sequencing is concordant with large 
clinical studies reporting findings relating to MFMCBC. 
Shared mutations were noted in 67% of patients by 
Desmedt et al., while Ataseven et al. and Wolters et al. 
reported MF lesions in 58% & 75.1% of patients with 
MIBCs, respectively (22,23).

In their report, Desmedt and colleagues recommend 
that, due to the observed genomic heterogeneity in 
morphologically homogenous malignant foci, each lesion 
from patients with MFBC should be individually evaluated, 
in particular when the lesions are relatively distant from 
each other. However, no exact inter-lesion dimension was 
suggested. This lack of a distinct inter-lesion distance is 
comparable to the absence of a universally accepted clinical 
definition demarcating MF form MC disease, with MC 
disease being defined as lesions separated by distances 
anywhere between 2 and 5 cm (24). In the light of emerging 
molecular information, the boundaries defining multifocality 
or multicentricity may not be anatomical, pathological 
or related to inter-lesion distance, but may be genomic. 
If so, extent of the ‘sick lobe’ might only be discovered 
through gene-expression studies identifying the existence 
of private mutations. The interaction of such individual 
genetic mutations with the stromal microenvironment 
could have implications for margin status (25). Recognition 
of certain tumor mutations, in conjunction with stromal 
characteristics, could be a factor determining individualized 
phenotypic ‘clear’ margin in time to come. The ideal 
physical dimension of a negative margin has been postulated 
by Leyba et al. to be variable according to the interaction 
between tumor and tissue biology (25). This could provide 
insights into margin status and required resection volume 
and is therefore logically the subject of future research on 
biomarkers for precision surgical therapy.

Treatment selection

Neoadjuvant chemotherapy

First generation prognostic indicators for breast cancer 
include tumor size, histologic grade and lymph node 

status, which continue to play a significant role in decision 
making for adjuvant treatment. More contemporary 
methods of classification define molecular phenotypes 
(luminal A, luminal B, HER2 enriched and triple negative) 
also influence the use of medical treatment, chiefly 
whether or not to administer chemotherapy. Neoadjuvant 
chemotherapy was first mooted in 1985 (26), and its 
present position as a validated means of preoperative 
downstaging lays testament to the extensive work on it 
over the last few decades. Patients with tumors too large 
for breast conserving surgery at the time presentation may 
now undergo primary medical treatment for tumor size 
reduction and potential BCT eligibility (27).

A pragmatic approach to personalized therapy would be 
to apply subtype appropriate systemic therapy for women 
presenting with stage II & III breast cancer. Extent of 
surgery, either mastectomy or BCT, following primary 
medical treatment, would be directed by tumor response. 
Subsequent medical treatment may be intensified or de-
escalated according to the degree of residual tumor burden. 
When applied to MFMCBC, this approach has prognostic 
value (22). Ataseven et al. found no significant difference 
in local recurrence-free survival in women with complete 
pathologic response regardless of type of disease (unifocal or 
MFMCBC) and surgical therapy (22). However, for those 
without a pathologic complete response, women with MC 
had a poorer local recurrence-free survival. Nevertheless, 
combined data from the GeparTrio, GeparQuattro and 
GeparQuinto studies suggests that BCT is feasible for 
appropriately selected patients with clinical MFMCBC who 
undergo neoadjuvant chemotherapy (22).

Recurrence scores using multi-gene assays appear 
promising in predicting tumor response to primary medical 
therapy (28). In a study by Bear et al., of patients initially 
not suitable for BCT, more than 57% underwent successful 
BCT. Although there was a trend towards higher BCT 
rates for patients with hormone receptor positive and low 
recurrence scores, this was not found to be statistically 
significant. These results provide opportunities for future 
evaluation of multigene assays in predicting response of 
MFMCBC to preoperative medical therapy and appropriate 
case selection for BCT (22,28), offering potential for 
genomics also to guide individualized de-escalation of 
surgical therapy.

Radiotherapy

Since the NSABP B-06 study demonstrated significantly 
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reduced local recurrence when WBRT was administered, it 
was routinely recommended as adjuvant treatment for BCT. 
In a large study comprising multiple tumor types, including 
breast cancer, Scott et al. surmised that a genomic-
adjusted radiation dose (GARD) clinical model could 
allow individualization of radiotherapy dose (29). Current 
consensus recommends the administration of WBRT for 
MFMCBC (30). With the present improved understanding 
of genetic mutations in MFMCBC, it is reasonable to 
anticipate biomarker-guided precision adjuvant radiotherapy 
when more research data is available.

Extent of surgery

There is adequate contemporary evidence reporting 
acceptable local control and survival rates with BCT for 
MFMCBC to support a consensus statement approving 
the use of BCT for MFMCBC provided clear margins 
are obtained for all clinically evident tumor foci and 
WBRT is administered (30). Once these imperative 
oncologic principles are fulfilled, a secondary requisite is 
the attainment of a reasonable cosmetic outcome. To date, 
selection criteria for BCT in patients with MFMCBC are 
based primarily on clinico-pathologic characteristics. In the 
foreseeable future, patient selection on a more fundamental 
level relating to tumor biology and genomics is a tenable 
reality.

Historically, adequacy of margin was determined by 
a concentric rim of phenotypically normal tissue, with 
current guidelines requiring ‘no ink on tumor’ (31). Based 
on patho-anatomy, it may be logical to resect tumor(s) 
together with the diseased lobe(s). Since modern imaging 
technology does not enable the preoperative identification 
of the ‘sick lobe(s)’, the closest estimate would be the 
surgical extirpation of a segment, in the case of MF disease, 
or multiple segments, in the case of MC tumors (32). In 
larger contemporary studies, BCT rates for MF disease are 
reported to be between 47.6% and 58.6% while those for 
MC lesions are between 13% and 30% (22,23). Applying a 
lobar surgical approach in a small cohort of patients using a 
segment classification for MFMCBC, BCT rates of 84.6% 
and 86.7% for MF and MC cancers respectively can be 
achieved (33). In this small cohort of patients reported by 
Tan et al., local control and overall survival outcomes for 
women who had undergone BCT were comparable to other 
larger studies (22,23,33). Moreover, classifying MFMCBC 
based on quadrants instead of segments may not have a 

significant impact on the high rate of successful BCT (34).
Several advantages of BCT for unifocal disease have 

been identified. Multiple contemporary retrospective, 
population-based studies have reported data to suggest 
that women who had undergone BCT have superior 
outcomes in terms of breast cancer-specific survival and 
local control when compared to mastectomy (35-42). 
In addition, complication rates for BCT are reported 
to be lower than those for mastectomy with or without 
reconstruction (43,44). Whether treatment de-escalation 
in the form of increasing BCT for MFMCBC will confer 
similar benefits to women is a subject for further research. 
Currently a phase II trial comparing BCT and mastectomy 
for MIBCs is underway (45). In this study, inclusion and 
selection criteria are based on clinic-pathologic rather than 
molecular characteristics. There is therefore, opportunities 
for research into the use of genomics to inform appropriate 
intensification and de-escalation of surgical treatment 
for MFMCBC as these are unavailable at present. It is 
conceivable that refinement of selection criteria through 
integration of genomic capabilities with conventional 
subtyping will allow individualized surgical therapy in terms 
of extent and margin status.

Conclusions

It is recognized that surgery for breast disease has evolved 
significantly in the decades that followed the first RCTs 
comparing BCT and mastectomy, in a large part due to 
concomitant scientific progress in the other disciplines 
involved in breast oncologic care. Pathology plays a 
dominant role, and together with breast screening, has 
enabled less extensive and mutilating surgery without 
sacrificing survival outcomes. Modern medicine has 
moved into a new era with genomic technology. The use 
of molecular biomarkers for treatment selection is already 
a clinical reality in the field of medical oncology (46,47). 
While its influence in surgery has been acknowledged for 
a significant period of time (48-50), apart from BRCA 
mutations to guide prophylactic surgery, there has not 
been a breakthrough in its use to the degree where surgical 
decision making for breast cancer is routinely informed by 
tumor biomarkers (51).

It has been several decades since BCT was established 
as appropriate surgical treatment for early breast 
cancer. Despite this, there is a perplexing trend of 
increasing mastectomy and contralateral prophylactic 
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mastectomy rates (52,53), the latter possibly constituting 
overtreatment in BCT-eligible patients (54). Improved 
understanding of tumor biology should enable a reduction 
in such overtreatment. Traditionally, MFMCBC was 
a contraindication to BCT. However, a growing body 
of evidence demonstrates that BCT is appropriate in 
the setting of MFMCBC provided there is a process of 
careful patient selection. Current selection criteria are 
based on traditional clinic-pathologic characteristics. 
Genomic technology holds great promise not only for 
prognostication but also for prediction of surgical outcomes, 
and may be applied in the clinical setting in several ways. 
Firstly, molecular profiling of the tumor can inform risk 
of local or regional recurrence, prompting appropriate 
intensification or de-escalation of surgery. Secondly, the 
identification of specific genetic mutations at the margins 
of phenotypically normal tissue may indicate need for wider 
margins. Alternatively, the relative proportions of cells with 
or without mutations may indicate adequacy of resection 
volume. Thirdly, biomarkers might provide insights into the 
configuration of the ‘sick lobe’ to guide resection patterns. 
As a corollary, the absence of biomarkers would indicate the 
adequacy of less extensive procedures. Hence, personalized 
risk stratified extent of surgery and margin width is a distinct 
possibility with the appropriate integration of genomics in 
clinical practice, for both unifocal and MFMCBC.

In contrast to overtreatment rendered in the past to 
compensate for rudimentary technology, there is scope to 
exploit the capabilities offered in the present genomic era to 
optimize and individualize surgical therapy. This review has 
identified contemporary disparity in the use of genomics 
for medical and surgical intervention for breast cancer. 
Selection criteria for tailored medical therapy using multi-
gene assays is now standard of care for various molecular 
subtypes of breast cancer. In comparison, there is a paucity 
of evidence with respect to biomarkers and surgical decision 
making. It is evident, therefore, that there are tremendous 
opportunities for research into the use of biomolecular 
markers to predict survival and local, regional and distant 
recurrence risk to serve as reliable guides to local, regional 
and systemic therapy. Integration of clinical data, histologic 
information, surgical techniques and molecular profiling 
offer potential for individualized, precision surgery in 
MFMCBC in the genomic era (55).
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