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ARTICLE INFO ABSTRACT

Breast cancer is the most frequent cancer in women all over the world. The prognosis is generally good, with a
five-year overall survival rate above 90% for all stages. It is still the second leading cause of cancer-related death
among women. Surgical treatment of breast cancer has changed dramatically over the years. Initially, treatment
involved major surgery with long hospitalization, but it is now mostly accomplished as an outpatient procedure
with a quick recovery. Thanks to well-designed retrospective and randomly controlled prospective studies,
guidelines are continually changing. We are presently in an era where safely de-escalating surgery is increasingly
emphasized. Breast cancer is a heterogenous disease, where a “one-size-fits-all” treatment approach is not ap-
propriate. There is often more than one surgical solution carrying equal oncological safety for an individual
patient. In these situations, it is important to include the patient in the treatment decision-making process
through well informed consent. For this to be optimal, the physician must be fully updated on the surgical
options. A consequence of an improved prognosis is more breast cancer survivors, and therefore physical ap-
pearance and quality of life is more in focus. Modern breast cancer treatment is increasingly personalized from a
surgical point of view but is dependent on a multidisciplinary approach. Detailed algorithms for surgery of the
breast and the axilla are required for optimal treatment and quality control. This review illustrates how breast
cancer treatment has changed over the years and how the current standard is based on high quality scientific
research.
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1. Introduction negative (TN) tumors in different racial groups. TN tumors are those
that do not express hormone receptors (HR) or overexpress HER2 on the
1.1. Epidemiology surface of the breast cancer cells [5].
Breast cancer is by far the most frequent cancer among women 1.2. Treatment - overview
today. In 2018, there were 2 088 849 new cases worldwide representing

11.6% of all new cancers diagnosed that year. In the same period, Treatment of breast cancer has changed over the years, both sur-

626 679 patients died of breast cancer, which was 6.6% of all cancer
related deaths, making it the second most common cause of cancer-
related death after lung cancer [1]. In the USA, the incidence and
mortality in 2018 were 268 670 and 62 330, respectively [2]. In 2019,
although the incidence in the USA increased to 271 270 in 2019, the
estimated breast cancer mortality was reduced to 42 260 [3]. In the UK
the incidence is around 55 200 with approximately 11 400 breast
cancer deaths [4]. There is a higher incidence rate in Western nations,
but a higher mortality rate in less developed countries [1]. In all age
groups, black women are generally diagnosed at a more advanced stage
and have higher mortality rates than other racial/ethnic groups around
the world. This can be explained by intrinsic biological differences in
lymph node metastasis, distant metastasis, and the prevalence of triple-

gically and medically. The intention of surgical treatment is to achieve
local control, prevent locoregional recurrence and improve survival
[6,7]. The different surgical approaches for treating breast tumors in-
clude mastectomy alone or with reconstruction, either primary or de-
layed, or breast conserving therapy (BCT), with or without the use of
oncoplastic techniques (Fig. 1). The extent of axillary surgery is a
continuous subject of discussion. The use of sentinel node diagnostics is
standard, with or without subsequent complete axillary dissection. In
selected cases, direct complete axillary dissection is recommended [6,7]
(Figs. 2 and 3).
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Fig. 1. A flowchart illustrating the current guidelines in Norway (https://www.helsebiblioteket.no/retningslinjer/brystkreft/kirurgisk-og-kurativ-behandling/
kirurgisk-taktikk-og-teknikk/flytskjema-for-brystkirurgiske-alternativ). There are many steps. Most decisions are made by a multidisciplinary team consisting of
radiologists, pathologists, oncologists, and breast surgeons. In some cases, there are plastic surgeons involved. It is important to include the patients in the decisions

in cases where the different available options are equivalent in terms of prognosis.
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Fig. 2. Flowchart for surgery in the axilla in cases where patients are treated with primary surgery. BCT, breast conserving therapy. SLND, sentinel lymph node
dissection. SLN, sentinel lymph node. ALND, axillary lymph node dissection (Burstein, Curigliano et al., 2019).

2. Surgical treatment of the breast
2.1. Breast conserving therapy (BCT)

BCT can be performed with a simple wide excision or with different
levels of oncoplastic surgery. For a selection of breast cancer patients,
BCT is considered the perfect surgical option, and is oncologically safe
[8-10]. Oncoplastic BCT facilitates larger resections in relatively small
breasts but was introduced mainly to improve cosmetic outcome as up
to 40% of women undergoing BCT report poor cosmetic outcome [11].
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There are several different factors that may influence cosmetic out-
come, both patient-related and surgeon-related, but the most important
is the volume of breast tissue that needs to be excised [12]. Locor-
egional recurrence was previously considered to be a surgical failure
but meta-analyses have illustrated that tumor biology is more im-
portant in terms of prognosis [13,14].

The safety of oncoplastic surgery has been reviewed by Campbell
et al. [15]. Comparing conventional BCT with oncoplastic BCT based
upon earlier studies is challenging because the cohorts often differ
significantly. The safety of conventional BCT is often based on cohorts
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Fig. 3. Flowchart for surgical treatment of the axilla in neoadjuvant treated patients. cN, clinical nodal status. pN, pathological nodal status. SLNB, sentinel lymph
node biopsy. ALND, axillary lymph node dissection. NST, neoadjuvant systemic therapy.
Patients with pN2 or pN3 are advised to have a ALND. * SLNB with certain recommendations; SLNB + > 2 resected lymph nodes. Dual tracing. Histological

examination with H&E and IHC. Metastases > 0,2

mm warrant ALND. In some institutions targeted axillary dissection (TAD) is advised. ** In these cases, ALND can be omitted provided the above recommendations.

When there is doubt, ALND is advised (Burstein, Curigliano et al.,
2019).

with smaller tumors [16,17], while studies focusing on oncoplastic BCT
tend to evaluate patients with larger tumors, with or without neoad-
juvant treatment [18-24]. Women with large tumors and concomitant
large, pendulous breasts are a major challenge for conventional BCT,
but they can be treated by reduction mammoplasty with good oncolo-
gical and cosmetic outcomes [23-26]. Prospective randomized studies
are difficult to initiate for obvious ethical reasons and the best way to
establish treatment safety is via comparative observational studies and
systematic reviews. There are currently published results from eight
comparative studies focusing on recurrence rates and survival, which
are the best measures of oncologic safety [10,19,27-32]. Their results
show non-inferior outcomes for different levels of oncoplastic surgery
compared with standard BCT. Due to size differences in individual
studies, evidence supporting oncoplastic BCT should be compared to
mastectomy rather than to conventional BCT [10,33].

Another bias in these comparative studies is the extent of onco-
plastic surgery, which is not clearly defined in the individual studies
according to the techniques described by Clough et al. [18]. There are
two case-matched retrospective studies from a single institution com-
paring oncoplastic BCT with conventional BCT and mastectomy in
breast cancer patients diagnosed between 2000 and 2008 [30,31].
These include a large series of patients with matched control groups
and their results are therefore considered adequate evidence of the
safety of oncoplastic BCT. The first study included approximately 500
patients who had undergone oncoplastic BCT and twice as many who
had undergone conventional BCT [30]. There was no difference in the
histopathological characteristics between the two groups but there was
more multifocal disease in the oncoplastic BCT group. Overall survival
(OS) at 10 years was similar (91.4% for oncoplastic BCT vs 91.3% in
conventional BCT). The oncoplastic BCT group experienced a slightly
higher incidence of local recurrence (LR) both at 5 years (3.2% vs 1.8%)
and 10 years (6.7% vs 4.4%) but this was not statistically significant.
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Regional and distant events were similar between the two groups [30].
The second study was nearly identical except that oncoplastic BCT was
compared to mastectomy with around 200 patients in the oncoplastic
BCT group and twice as many in the mastectomy group [31]. Results
were similar for OS (87.3% in the oncoplastic BCT group and 87.1% in
the mastectomy group), and for disease free survival (DFS) (60.9% in
the oncoplastic BCT group and 56.3% in the mastectomy group). There
was a slight increase in the incidence of regional recurrence (RR) in the
mastectomy group compared to the BCT group (7.3% vs 3% at 10
years), while the opposite was the case for local events; however, the
differences were not statistically significant. Clearly, more evidence is
needed to support the level of oncological safety and improved esthetic
outcome of oncoplastic surgery [15]. There is global agreement on the
urgent need for prospective multicenter studies to optimize patient
selection and for standardized criteria to qualify and accredit onco-
plastic surgical training centers [15,34,35].

Regardless of the surgical techniques employed, tumor-free surgical
margins are mandatory. These negative margins have no tumor cells in
the ink-colored section, the so-called “no tumor on ink” guideline. The
guidelines concerning margins have changed over the years, but today
“no tumor on ink” is considered adequate [6,7,36-38]. Wider margins
do not have a positive impact in terms of LR in invasive breast cancer
[39]. In ductal carcinoma in situ (DCIS) a margin of 2 mm is re-
commended to reduce the risk of locoregional recurrence; however,
minimum margin distances > 2 mm are not significantly associated
with a further reduction in the likelihood of LR in women receiving
radiation [40,41]. Involved surgical margins occur in 20%-40% of
patients undergoing BCT which means they need a second surgical
procedure [11,42]. This can potentially delay adjuvant therapy and is
associated with increased stress and anxiety in the patients. Oncoplastic
BCT allows a wider resection and involved margins are less frequent.
This facilitates the timing of adjuvant treatment and is also positive
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from a cosmetic perspective [39,43,44].

Campbell et al. [15] compared 13 studies analyzing resection
margins in  conventional BCT and  oncoplastic = BCT
[19,27-30,32,33,44-49], and in eight of these studies oncoplastic BCT
had a superior outcome [27-29,44-47,49]. A population-based study of
7303 eligible women with stage I and II breast cancers was performed
in the United States [50]. It was designed to specifically address sur-
gical margins and the attitude of the individual surgeons in this respect.
Between 2013 and 2015, the number of BCT procedures increased by
13% (p = 0.002), and the number of mastectomies was correspond-
ingly reduced. Re-excision was reduced following implementation of
the “no tumor on ink” guidelines [50], and this reduction was more
pronounced in those hospitals with the most experienced surgeons [50].
As for breast cancer treatment in general, tumor morphology is relevant
when considering involved margins. A significant number of invasive
lobular carcinomas are found to have positive surgical margins and are
in need of re-excision [51]. A possible delay to adjuvant treatment is an
important issue when considering the choice of surgical procedure. In
addition to involved margins, complications such as postoperative in-
fections and bleeding can influence further treatment; however, when
comparing conventional BCT, oncoplastic BCT, and mastectomy, there
were no significant differences in terms of complications [29,45].
Furthermore, comparing studies confirmed that regardless of the sur-
gical procedure selected there is no significant difference in the delay to
adjuvant treatment [20,24,52].

The range of patients receiving BCT as well as the range of patients
in need of only one surgical procedure varies according to the experi-
ence of the surgeon. This is illustrated in an American survey con-
sidering surgical margins and reoperation rates [50]. This was a po-
pulation-based survey of approximately 7000 eligible patients, which
was eventually reduced to 3279 in the analytic cohort. The 488 sur-
geons treating these patients were asked to participate in a survey on
margins after lumpectomy and 342 responded in full. Those treating
more than 50 breast cancers annually were significantly more likely to
report a “no tumor on ink” margin as adequate (85%; n = 105) com-
pared with those treating 20 cases or fewer (55%; n = 131)
(P < 0.001) [50].

There is an ongoing debate as to whether breast cancer surgery
should be centralized, and statistics showing the different procedures
and the varying results from different surgical institutions support this
[50,53]. EUSOMA (European Society of Breast Cancer Specialists) es-
tablished a working group to define the requirements for a Europe-
wide, high quality, specialist service for breast cancer and other benign
diseases of the breast [54]. In addition to detailing skills in surgery,
radiology, pathology, and oncoplastic surgery, there are strict require-
ments that must be met by the breast centers themselves. The European
guidelines recommend treating at least 150 new cases per year for every
250 000 inhabitants [35,55-59], and the core team should meet the
requirements in terms of composition and specialist training.

2.2. Mastectomy

A mastectomy is no longer a straightforward procedure. It can be
performed as a conventional mastectomy, which is often a good choice
of treatment for a certain group of patients [60], as it can be performed
as an outpatient procedure with a quick recovery and little risk of
complications. On the other hand, subcutaneous mastectomy with pri-
mary reconstruction is a good option for selected women. This involves
a combination of removal of the breast, and hence removal of the
tumor, and in the same procedure the skin flaps are prepared for im-
mediate breast reconstruction, either with a prosthesis or using auto-
logous tissue [61]. The choice of technique requires a discussion with
the patient prior to surgery. In this consultation, the patient needs to be
well informed about the various procedures and what they may require
from the patient. For example, reconstruction with prosthesis can be
performed with a permanent prosthesis or with a tissue expander which
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then needs to be changed to a permanent prosthesis in a later proce-
dure. However, the expander prosthesis can be gradually inflated to the
final desired volume, while the permanent prosthesis has a specific size
and shape which cannot be altered. The major advantage with a per-
manent prosthesis is the need for only one surgical procedure [62,63].
Both the surgeon and the patient should consider the pros and cons for
both these options, and the surgeon needs to be prepared to make a
final decision during the operation. There is another important aspect
of implant-based reconstruction to consider, namely whether the im-
plant is pre-pectoral or sub-pectoral (in front of or behind the pectoral
muscle, respectively). Initially, all implants were sub-pectoral with a
portion of the muscle covering and supporting the implant. There are
few studies which directly compare pre- and sub-pectoral implant pla-
cement, since there are many components to the procedures, and they
are therefore difficult to compare directly. A publication including 91
patients demonstrated a clear benefit in placing the implant behind the
pectoral muscle [64]; however, this study dated from 1981 and both
surgical techniques and surgical equipment have improved since then
[65]. A more recent comparison (2018) reveals a superior outcome for
pre-pectoral implant-based reconstructions [66]. The researchers re-
ported less postoperative pain, faster recovery from postoperative
upper extremity functional morbidity, and higher esthetic BREAST-Q
scores as well as economic advantages in a series of 86 patients [66].
Proper selection of patients in the hands of an experienced surgeon is
the main factor in achieving optimal outcomes and minimal compli-
cation rates. The final decision on pre- or sub-pectoral placement of the
implant is taken by the surgeon during the surgical procedure [67].

Autologous reconstruction is a procedure which involves moving
tissue flaps with an intact blood supply to the breast. This procedure
takes significantly longer than the implant-based procedure, and often
requires a longer hospital stay [63]. Many factors need to be considered
when deciding on the optimal breast reconstruction technique, in-
cluding patient age, body mass index, further oncological treatment
required, patient's wishes, and obviously which methods are available
[68,69]. A systematic review and a meta-analysis involving 219 studies
comparing autologous versus implant-based reconstruction revealed
significant differences in psychosocial and sexual well-being in favor of
autologous reconstruction; however, there was no difference in physical
well-being between the two groups [70].

Postmastectomy radiation therapy has a positive prognostic influ-
ence on LR and overall survival in breast cancer patients [71,72].
However, it is the biggest threat to implant-based reconstruction. Ra-
diation therapy increases rates of infections, capsular contracture, im-
plant loss, and overall reconstructive failure, which requires additional
surgery [73,74]. In addition, reconstruction with a tissue expander
prior to postmastectomy radiation therapy has a higher incidence of
reconstructive failure compared to permanent silicone implants [75].

The oncological safety of performing a skin-sparing mastectomy
(SSM) compared to a non-skin-sparing mastectomy has been shown in
two large meta-analyses [76,77]. The first of these included nine studies
with approximately 3700 patients [76]. The stage of disease was
comparable in the mastectomy group and in the group of patients un-
dergoing SSM. There was no significant difference in LR between the
groups (6.2% vs. 4.0%, odds ratio (OR) = 1.25, 95% CI: 0.81-1.94).
There were fewer cases of distant relapse in the mastectomy group
(10.0% vs. 12.7%, OR = 0.67, 95% CI: 0.48-0.94) but this may be
biased due to patient selection [76]. The second meta-analysis was
published five years later and included 20 studies and approximately
5600 patients [77]. The risk difference in LR between the two groups
was 0.4%, while the risk difference for all possible outcomes was not
significant [77]. A more recently published review covers indications
for SSM and complication rates between the surgical procedures [61].
As for the meta-analyses, although they emphasize the oncologic safety
of the procedures, the results are dependent on the skills of the in-
dividual surgeons and close collaboration with plastic surgeons is re-
commended. The urgent need for prospective studies is stressed in all
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these publications.

There has been a major increase in the utilization of nipple-sparing
mastectomy (NSM) [78]. Preservation of the nipple is considered safe
and it has great impact on quality of life [61,79-81]. A recent review of
14 publications showed there was no statistically significant difference
in five-year DFS and mortality between NSM and SSM with resection of
the nipple. NSM had a partial or complete nipple necrosis rate of 15%,
and a higher overall complication rate than SSM, but this was due to the
rate of nipple necrosis in the first group [82]. However, it is emphasized
that these procedures should be performed by experienced breast sur-
geons in collaboration with plastic surgeons [61]. An ongoing inter-
national NSM registry has been initiated by the European Society of
Surgical Oncology (https://www.essoweb.org/eurecca-inspire/). The
aim of this registry is to gain insight into treatment strategies for
women undergoing NSM and immediate breast reconstruction. The
results should provide solid evidence of the oncological safety of these
procedures and will help to optimize patient satisfaction by using pa-
tient-reported outcome measures (PROMS). Neoadjuvant che-
motherapy (NAC) is not a contraindication for NSM [83,84]. NSM after
NAC is not associated with statistically significant differences in terms
of post-operative complications, total nipple loss for necrosis, or in-
volved margins, and results improve with the experience of the clin-
ician. The locoregional relapse rate was higher after NAC, yet it was
consistent with traditional mastectomy in this group of high-risk pa-
tients [83].

Malignant breast tumors in young patients are known to show ag-
gressive behavior [85,86] with a significantly worse prognosis than for
older patients [87-89]. It may be difficult to compare studies con-
cerning young women, mainly because the definition of “young” differs
between individual studies [90,91]. Due to aggressive tumor behavior,
young women were previously recommended mastectomy rather than
BCT, which was supported by the literature [92]. However, a reluctance
to perform SSM in young women with aggressive tumor biology has
been questioned. The oncologic safety in these patients was demon-
strated in a retrospective study comparing SSM and immediate re-
construction with conventional mastectomy in women under 35 years
[93]. The cohort consisted of 118 patients in the skin-sparing group and
141 in the group undergoing conventional mastectomy. After adjusting
for tumor stage there was no statistically significant difference in dis-
ease-free survival and breast cancer-specific survival between the two
groups [93].

There are numerous publications with robust data showing that BCT
is non-inferior compared to mastectomy in terms of OS, contralateral
breast cancer, distant metastases or second primary cancers [8,16,17].
Some of these even indicate that BCT is superior to mastectomy [8,94].
In most publications, locoregional recurrence is shown to be more
frequent in patients treated with BCT [16,17]. However, this varies
according to tumor biology [94]. Early stage triple negative breast
cancer (TNBC) treated with modified radical mastectomy without ad-
juvant radiation had a significantly increased risk of locoregional re-
currence compared to BCT followed by radiation [94].

Despite this knowledge there is an increasing trend towards mas-
tectomy [95,96]. There is a similar trend towards contralateral pro-
phylactic mastectomy (CPM) even though studies have confirmed that
this is not associated with improved survival outcome [97]. This trend
was mirrored in a decrease in unilateral mastectomy [97]. This increase
in CPM, with a concomitant increase in breast reconstruction, is most
evident in the United States, and the rise was noted across all ages,
stage of cancer, racial groups, and geographic regions [97]. Factors
influencing CPM were young age, white ethnicity, marital status, family
history of breast cancer, use of hormonal replacement therapy, testing
for BRCAl1 and 2, higher tumor stage, lobular carcinoma, and the
possibility of reconstruction [98].
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2.3. Surgical treatment of the axilla in early stage breast cancer

The status of the axillary nodes is vital in predicting the outcome for
patients with early stage breast cancer [99,100]. A study by the
American College of Surgeons in 1978, which included 498 hospitals
distributed over 47 states reported that the five-year survival rate was
reduced from 60.5% in clinically localized disease (malignant disease in
the breast where regional lymph nodes were not involved) to 49.1% in
locoregional disease (malignant disease in the locoregional lymph
nodes) [101]. This finding was confirmed in a later review involving 69
trials and more than 8000 patients [99]. The presence of axillary me-
tastases decreases the patient's five-year survival by between 28% and
40% [101,102]. The role of sentinel lymph node dissection (SLND) and
examination in breast cancer surgery is considered to be a safe proce-
dure with few complications [103,104] and is reliable [100,104]. Ax-
illary lymph node dissection (ALND) has previously been a standard
procedure for staging of the axilla.

The National Surgical Adjuvant Breast and Bowel Project (NSABP)
B-32 was a randomized controlled phase 3 trial performed in Canada
and the USA between 1999 and 2005, which included 80 centers [105].
The trial confirmed that in patients with negative sentinel lymph nodes
(SLN), the OS, DFS and regional disease control were equivalent in
those who underwent SLN resection alone and those who underwent
SLN resection plus ALND [105]. However, the latter procedure is as-
sociated with considerable arm morbidity, including lymphedema,
sensory nerve damage, hemorrhage, and formation of seroma
[106,107]. Long term consequences based on self-reported ques-
tionnaires confirm that this is a problem for a significant number of
patients [108]. Chyle leakage as a complication of ALND has an in-
cidence of less than 0.7% [109]; however, when it occurs it can be
difficult to treat. SLND causes limited arm morbidity compared to
ALND [103,106] and has, therefore, gradually replaced ALND as the
standard procedure for staging of the axilla.

SLND allows extensive histopathological examination of the lymph
nodes, with and without metastases [110,111]. Pathologically, there is
a broad spectrum of clinical presentation for lymph node metastases.
The mode of detection is either hematoxylin and eosin (H&E) and/or
immunohistochemistry (IHC). The extent of the metastases is described
using different parameters including size and potential growth beyond
the lymph node capsule. The size of the metastases ranges from H&E-
detectable macrometastases (defined as > 2 mm) to H&E— and/or
IHC-detectable micrometastases (<2 mm), staged as N1(mi), to iso-
lated tumor cells (<0.2 mm) visualized via H&E and/or IHC staining
and staged as NO(i+) [112].

The presence of macrometastases worsens the prognosis in breast
cancer [99]. However, the presence and significance of micro-
metastases and/or isolated tumor cells (ITC) is questionable. In a study
involving 109 patients with micrometastases in the sentinel nodes, the
overall frequency of metastases in axillary non-sentinel nodes was
21,8% [113]. The frequency was significantly associated with the size
of the micrometastatic lesion in the sentinel node. It varied from 44.7%
in those cases approaching macrometastatic spread, to 15.6% in pa-
tients with micrometastases of < 1 mm [113]. The conclusion from this
study, and similar studies [114], was that patients with micro-
metastases in the SLN should continue to undergo ALND, while those
with ITC should not [115]. However, this advice was later altered based
on results from the International Breast Cancer Study Group (IBCSG)
23-01 multicenter, randomized, non-inferiority, phase 3 trial, with 5
and 10 years of follow-up [116,117]. In these studies patients with
micrometastases to SLN were randomized to either undergo ALND or
not to undergo ALND. 5-year disease-free survival was 87-:8% (95% CI
84-4-91-2) in the group without axillary dissection and 84-4%
(80:7-881) in the group with axillary dissection (log-rank p = 0-16; HR
for no axillary dissection vs axillary dissection was 078, 95% CI
0-55-1-11, non-inferiority p = 0-0042). The findings of the IBCSG
23-01 trial after a median follow-up of 97 years corroborate those
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obtained at 5 years.

The possibility of minimizing morbidity following local therapy
without negatively affecting outcome has been recognized and is sup-
ported by the results of recent trials. The American College of Surgeons
Oncology Group (ACOSOG) Z0011 trial in 2011, with patients enrolled
at 115 sites in the USA, demonstrated that with appropriate systemic
therapy and radiation, clinically node-negative patients with positive
sentinel nodes, who received breast-conserving surgery did not have an
inferior outcome when complete ALND was omitted [118]. The
AMAROS trial (published in 2014), which included almost 5000 pa-
tients enrolled at 34 centers from nine European countries, proved that
complete ALND and axillary radiation after identification of a positive
sentinel node were comparable in terms of local control for patients
with tumors < 5 cm without palpable axillary lymph nodes [119].
These studies have provided physicians with the confidence to spare
patients the addition of complete axillary clearance while supporting
the importance of other modalities, namely radiotherapy and systemic
therapy, in optimizing breast cancer management.

However, the results of the ACOSOC-Z0011 study were questioned
by specialists around the world. The three main concerns were: 1)
follow-up was too short, especially considering the awareness of late
recurrence in estrogen receptor (ER) positive patients; 2) specialists
argued that the trial had involved a highly selected population and that
the results were not applicable to all patients, and finally 3) the re-
commendations were not considered safe for high risk patients [120].
The first concern was addressed by a long-term follow-up study with
significant results for non-inferiority of LR and OS in patients treated
with sentinel node dissection alone versus complete axillary clearance
[121,122]. The next two concerns, involving the selection of patients
and the safety of high risk patients, were addressed by Mamtani et al.
who looked at patients younger than 50 years old, and those with
HER2 + and TN disease [123]. The group found that the need for
complete axillary dissection in these patients was the same as for those
with a more favorable tumor biology, and in the cases where a complete
axillary dissection was performed, there was no greater burden of dis-
ease in the axilla (the number of positive nodes did not differ) [123].
This was later confirmed in a prospective study including almost 800
patients who all met the ACOSOC-Z0011 study's eligibility criteria
[124]. The recommendations for surgery of the axilla in patients un-
dergoing primary surgery are illustrated in Fig. 2.

The next step is to be able to select patients with clinically and
radiologically lymph node-negative early stage breast cancer who can
be spared any form of axillary surgery, including sentinel lymph node
biopsy (SLNB), without impairing oncological safety. The issue was
investigated in a retrospective study of 1360 patients with primary
breast cancer, who underwent SLND, with or without ALND. The study
evaluated tumor localization, multicentricity and multifocality, histo-
logical subtype, tumor size, histological grade, lympho-vascular inva-
sion (LVI), HR status, and HER2 status. The presence of a large tumor or
LVI were the only independent predictive factors of metastatic spread to
the SLN [125]. The issue was further evaluated in a prospective study,
the Intergroup-Sentinel-Mamma (INSEMA) Trial [126], but the results
were not as convincing as in previous studies, which demonstrated that
ALND could be safely omitted [118,119]. In the INSEMA Trial there
was a significant degree of patient selection bias in terms of morpho-
logical differences in the control arm where SLND was omitted, but
there was also a selection bias between the different centers as to which
patients were assigned to NAC. The economic consequences of omitting
SLND were not greater than performing the procedure [126]. A com-
parison of observation, axillary radiation, and complete axillary clear-
ance for the management of the axilla in patients with a positive sen-
tinel node was also addressed through a large systematic review of
current trials [127]. This review identified almost 5000 publications,
and after excluding various studies for different reasons, resulted in 10
trials being included in the narrative synthesis
[116-119,121,122,128-131]. Three of these studies compared
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observation with ALND [100,118,130], and two compared axillary ra-
diation with ALND [119,128]. There was no significant difference in
OS, DFS or axillary recurrence in these groups. Four trials registered
morbidity outcome [100,117,119,131], and all concluded that ALND
was associated with increased morbidity such as lymphedema, par-
esthesia, and shoulder dysfunction. Conclusively, the omission of
complete axillary clearance in selected patients was considered safe and
incurred significantly less morbidity [127]. These findings are in ac-
cordance with international guidelines used worldwide today
[6,7,36-38].

2.4. Effect of neoadjuvant treatment on choice of surgical procedure

2.4.1. Breast surgery after neoadjuvant treatment

NAC is the standard of care for patients with locally advanced breast
cancer [6,7,36,37]. A pathologic complete response (pCR) is a positive
prognostic factor with great impact on OS and recurrence-free survival
[132-135], especially in the most aggressive tumors [134-136].
Neoadjuvant treatment is routinely performed in all patients with a
tumor size < 5 cm. For patients with tumors between 2 and 5 cm the
order of surgery and additional treatment is based upon the histo-
pathological characteristics of the tumor, and treatment is often dis-
cussed by a multidisciplinary team. There is no difference in OS or DFS
in patients receiving adjuvant treatment either pre- or postoperatively
[137]. Until recently, these patients routinely had a mastectomy even if
they had a pCR. Today, the aim is to perform BCT in patients with a
radiologic complete response (rCR), but also in those cases with a
partial response where it is still technically possible to perform BCT.
There is no difference in local recurrence rate (LRR) in patients down
staged to BCT and there is no difference in LRR after NAC with respect
to the type of surgery [138,139]. A meta-analysis has shown that dis-
tant recurrence, DFS, and OS are better in patients who respond well to
neoadjuvant treatment with breast conserving surgery as opposed to
mastectomy [140]. There was no significant difference in RR or locor-
egional recurrence.

Assessment of the disease response to chemotherapeutic agents
prior to any surgical intervention is also necessary as medical oncolo-
gists may tailor further treatment in ongoing regimens according to the
response. Where there is no response, surgery may be performed earlier
than initially planned. There is currently no standard imaging method
for monitoring the response to therapy, but magnetic resonance ima-
ging (MRI) seems to be the best option, with a reasonably high sensi-
tivity (86%-92%, but a lower specificity (60%-86%) [141].

The next challenge is the extent of the resection. In some cases, the
tumor may show clear concentric shrinking making it fairly easy for the
surgeon to decide what to excise. Asymmetric shrinking, producing
scattered residual enhancement on the MRI, makes it difficult to decide
what is the actual tumor and what is necrotic disease from the pre-
operative medical treatment. MRI as a predictor of rCR [142] as well as
pCR(143) varies between biological subgroups [142-144]. This
awareness of the variation in tumor shrinkage and scattered residual
disease led to an agreement between the American College of Radi-
ology, the American College of Surgeons, the College of American Pa-
thology, and the Society of Surgical Oncology concerning re-excision
after neoadjuvant treatment that differs from the standard of care for
BCT having primary surgery. If there is a viable tumor present
throughout the specimen, even if it does not extend to the margin, a
further re-excision should be considered [7].

Patients with calcification visible on the mammogram, multifocal
multicentric lesions, invasive lobular cancer, or non-mass enhancement
in pretreatment MRI, are significantly associated with false-negative
results on MRI after NAC. The results for these patients should therefore
be interpreted with caution [142]. In addition, luminal subtypes are
associated with a high false negative rate (FNR) when evaluating rCR
after NAC.

Post-neoadjuvant treatment residual

systemic (NST),
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mammographic microcalcifications have a lower correlation with re-
sidual tumor size than enhancing lesions on MRI. Other than in patients
with an HR+ /HER2-subtype, the extent of calcifications during pre-
operative evaluation is not considered to be accurate in predicting the
extent of the residual tumor after NST [144].

It is mandatory to mark the tumor before starting chemotherapy in
order to be able to perform BCT [145]. There are strict criteria for BCT
after neoadjuvant treatment. The primary tumor bed must be localized
either by residual mass, calcification, or previously inserted radiopaque
clips. In addition, there must be an acceptable tumor-volume to breast-
volume ratio and an absence of diffuse suspicious microcalcification.
Multicentricity, either at presentation or after NAC, is a matter of
concern, but is not an absolute contraindication [146]. It is also im-
portant to know that there is an increased risk of lumpectomy failure in
cases of invasive lobular carcinoma [145,147] as opposed to other
histological tumor types. Furthermore, it is important to keep in mind
that the pCR rate varies depending on the biological subtype and
therapy used [148-153]. Post-treatment change in the proliferation
marker Ki67 after NAC is used as a marker of treatment response and is
therefore associated with improved survival [153]. Patients with triple
negative disease have significantly higher pCR rates than those with
HR-positive disease. With adequate targeted treatment, HER2 enriched
cancers have the greatest pCR rates, especially when a dual anti-HER2
blockade is applied [148,149].

To conclude, patients undergoing BCT after NAC have an excellent
five-year locoregional recurrence-free survival with variable responses
according to molecular subtype and response to NAC [154]. The his-
tological subtype is relevant when choosing patients who are eligible
for BCT after neoadjuvant treatment. In a large meta-analysis including
17 studies, there was a significant difference in the pCR rate between
ductal carcinoma and lobular carcinoma (5.9%-16.7%; OR = 3.1, 95%
CI: 2.48-3.87, P < 0.00001), while the OR for having a breast con-
serving surgery was significantly higher in ductal carcinomas
(35.4%-4.8%; OR = 2.1, 95% CI: 1.8-2.45, P < 0.00001) [147].

As mentioned previously, multicentricity is not an absolute con-
traindication for BCT after neoadjuvant treatment [146]; however, it is
a matter of concern. In a study of more than 6000 patients, the tumors
were divided into unifocal, multifocal or multicentric. Those patients
with multicentric tumors had worse DFS (P < 0.001) and OS
(0% 0.009) than patients with unifocal tumors. However, local re-
currence-free survival (LRFS), DFS, and OS were not inferior for pa-
tients with multicentric or multifocal tumors if pCR was achieved.
Tumor-free margins are naturally required [146]. This means that in
selected patients with multifocal or multicentric breast cancer, BCT
with a wide resection is not associated with inferior local disease con-
trol and can be considered when acceptable cosmetic results can be
achieved [146,155].

The omission of breast cancer surgery entirely in complete re-
sponders to neoadjuvant therapy has also been questioned. This was
addressed in a single-center prospective study including 40 patients, all
with triple-negative or HER2+ cancers, and a TNM (Tumor Node
Metastasis) status of T1-3NO-3 [156]. Approximately half of these pa-
tients (47.5%) had a breast pCR, indicating no residual invasive or in
situ changes in the breast. The radiological response in these 19 patients
with pCR was surprisingly not complete; 12 of the 19 (63.2%) had both
PCR and rCR. Image-guided biopsies (both fine needle aspiration and
vacuum-assisted core biopsy) correctly identified the patients with pCR
in 39 out of the 40 patients (97.5%). Importantly, these 39 patients had
a concordant breast pathologic response and pathologic nodal status.
The remaining patient had only micrometastases in the sentinel node.
This correlation between breast pCR and nodal pCR agrees with results
from a retrospective study of 237 patients with biopsy-proven positive
lymph node disease [157]. In the same study, all 116 patients with
breast pCR also had axillary pCR. This opens the way for a prospective
clinical trial where breast surgery can be omitted, and this has already
been initiated at the University of Texas M.D. Anderson Cancer Center,
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starting in January 2017 and with estimated completion in January
2022 [158].

2.4.2. Surgery of the axilla after neoadjuvant treatment

Sentinel node biopsy can be performed safely on patients receiving
neoadjuvant therapy and this is the standard of care for clinically node-
negative patients prior to chemotherapy [159,160]. Neoadjuvant
treatment not only downstages the breast tumor but also downstages
disease in the axilla [156,157,161], and as in the breast, pCR of the
axilla is associated with a significant prognostic benefit [153]. Patients
with a biopsy-proven positive lymph node have, up until recently,
routinely been treated with complete axillary dissection. It has been
reported that neoadjuvant treatment changes patient status from clin-
ical node-positive to clinical node-negative in 35%-49% of cases
[123,161-163]. There are five possible histological outcomes after
NAC: 1) no change (clinical stage is the same as the pathological stage
post-NAC); 2) breast-only pCR; 3) node-only pCR; 4) overall pCR
(breast + axilla) or 5) upstage of disease (pathological state post-NAC
worse than clinical stage) [164]. However, a sixth possibility involves a
partial response in the node, breast, or both.

A review of breast cancer patients from the National Cancer Data
Base (NCDB) included women with ¢T1-3/cN0-1 breast cancer diag-
nosed between 2010 and 2014 who underwent surgery following NAC.
Approximately 33 000 patients were identified, and after exclusion of
patients with discordant or partial post-NAC response, around 20 000
were evaluated further [164]. The patients were divided into four
groups based on their HR and HER2 status: HR+/HER2-, HR
+/HER2 +, HR-/HER2 +, and triple negative (TN). Based on the dif-
ferent histological outcomes, 19.2% experienced overall pCR, 1.5%
breast-only pCR, 3.4% node-only pCR, and 29.1% no change, with 7.9%
experiencing tumor upstaging. The different outcomes and subtypes
were evaluated with respect to OS and it was found that in node-po-
sitive patients, pCR when limited to either the breast or axilla predicted
survival for selected receptor subtypes. In patients achieving pCR in
both the breast and axilla, survival is driven by response to NAC rather
than the clinical status of the lymph node [164]. With the im-
plementation of the results from the ACOSOC- Z0011 study, of de-es-
calating surgery of the axilla in early breast cancer, it has been tempting
to de-escalate surgery in the axilla of those patients who have become
clinically node-negative after NAC. Both the safety and reliability of the
SLN procedure in these patients are of importance.

Three prospective studies have addressed this matter and have es-
tablished the FNR for SLN in this setting: the ACOSOG Z1071 (Alliance)
Prospective Multicenter Clinical Trial [162], the SN FNAC study [163],
and the SENTINA study [165]. Two of these studies had an FNR below
10%, which is acceptable for primary surgery [162,165]. However, the
FNR is closely related to the number of SLNs removed. If more than 3
nodes are removed the FNR is below 10%. When only one or two nodes
are removed, the FNR is above 10%, which is not acceptable. When IHC
is included in the evaluation of the SLN procedure, a further decrease in
the FNR is obtained, and therefore IHC is required in these cases
[162,163].

The next concern was if the SLN was the same lymph node as the
biopsy-proven metastatic lymph node detected prior to neoadjuvant
treatment. It was reported that ultrasound and palpation of the axilla
following neoadjuvant therapy were not accurate enough, and that
additional tools and/or imaging were needed [166]. The ACOSOG
71071 study addressed this question by placing a clip in the biopsy-
proven metastatic node at the time of diagnosis [167]. In 75.9% of
cases, the clipped node was within the SLN. The application of targeted
axillary dissection (TAD) of the clipped node in addition to the com-
bination of dual tracer, removal of at least two SLNs, and clinical se-
lection of patients through axillary ultrasound, led to a reduction in the
FNR to 6.8% [167]. There are various alternatives for marking an af-
fected lymph node, identifying and surgically removing it. The initial
study used a metallic clip marked with a guide wire prior to surgery.
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Confirmation of clip removal through radiological examination of the
surgical specimen was necessary [167]. The affected lymph node can
also be marked with a radioactive seed, which is identified by the
surgeon per-operatively using a gamma probe [168]. The latter proce-
dure is preferred by most surgeons because it involves the same tech-
nique used in SLN detection and only requires changing the probe
setting.

There are alternative options for preoperative marking of the SLN, a
biopsy-proven affected lymph node, as well as a tumor in the breast
itself. The SentiMag® magnetic localization system is a procedure based
on the detection of a magnetic particle, which is placed in the lymph
node or breast lesion. This is identified with a handheld magnetometer
(SentiMag®). A meta-analysis including five clinical trials comparing
this method to standard methods of detecting SLNs confirmed its non-
inferiority [169]. SAVI SCOUT® is another potential method based on a
non-radioactive infrared-activated electromagnetic wave reflector. The
reflector remains passive until activated using the manufacturer's con-
sole and handpiece system. A pilot study using this method performed
on 50 patients confirmed that it was safe and effective for guiding the
excision of non-palpable breast lesions [170]. The evaluation of longer
duration use of the SAVI SCOUT® system has been tested in a pilot study
with neoadjuvant treated patients (NCT03015649, CMI- SCOUT-001).
The trial was initiated in 2017 and has been completed but the results
have not yet been published. The SAVI SCOUT® technique was FDA-
approved in 2014, and SentiMag® was approved in 2016. A brief
summary on the alternatives to standard pre-operative localization of
non-palpable breast lesions was published by Jeffries et al., in 2017
[171].

Through prospective trials, the safety and utility of surgery of the
axilla in neoadjuvant-treated patients has been confirmed both in 1)
patients with clinically node-negative disease prior to neoadjuvant
treatment and 2) patients with clinically node-positive disease prior to
neoadjuvant treatment. The procedure itself requires removal of at least
two lymph nodes, application of IHC in addition to H&E, and con-
firmation that the removed lymph node is the biopsy proven metastatic
lymph node. When these requirements are followed, the procedure is
considered be reliable. Current recommendations suggest that if the
SLN is negative at surgery, no further dissection of the axilla is needed.
If the SLN is positive, the surgeon then proceeds with complete axillary
dissection. If the SLN is not localized a complete axillary dissection is
advised [6,7,37]. The concept of clipped/marked nodes (TAD) has not
yet been introduced in all surgical units around the world [6]. The
development of surgery in the axilla, and the confirmation of the safety
and utility of the SLN procedure in neoadjuvant-treated patients has
been well reviewed by Fisher et al. [172]. The recommendations for
surgery in the axilla in neoadjuvant-treated patients are illustrated in
Fig. 3.

The next important question is whether or not regional nodal irra-
diation (RNI) improves the recurrence-free interval in patients that are
biopsy-proven lymph node-positive prior to NAC and who, after treat-
ment, become pathologically node-negative. A further question is
whether patients who remain node-positive after NAC can be spared
ALND if they receive RNI in addition to axillary radiotherapy. These
two issues have been addressed in two randomized trials, the NSABP B-
51/RTOG 1304 trial [173], and the Alliance A11202 trial [174]. The
estimated completion dates are 2028 and 2024, respectively.

During this era of de-escalating surgery, it is important to stress that
breast cancer is a heterogenous disease [175]. A one-size-fits-all solu-
tion is clearly not a viable approach. Considering tumor biology is
crucial in all steps, and especially in the response to neoadjuvant
therapy [176-179]. HER2-overexpressing tumors and TN tumors re-
spond well to neoadjuvant treatment, and in stage 2 or 3 of HER2 + or
TN disease, NST is the preferred initial approach [38,156] enabling
these patients to avoid axillary dissection and making them possible
candidates for BCT [38].
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2.5. Quality of life in breast cancer survivors

It has been established that oncoplastic breast surgery is safe [15],
but is there a difference in esthetic outcome? Patient-reported esthetic
and functional outcomes after conventional and oncoplastic resection
have been evaluated [180] and it seems that esthetic outcome after
conventional resection is as good as with oncoplastic surgery with the
right selection of patients. Oncoplastic resection enables BCT in patients
with larger tumors and those with multifocal tumors with a favorable
esthetic outcome [180]. These are women where BCT is not an option
without tumor reduction through neoadjuvant chemo- or endocrine
therapy. A recent review by Cardoso et al. [181] addressed the question
of how the esthetic outcome has changed over the years and, more
importantly, investigated methods of training and recommendations for
future efforts in achieving the best possible esthetic outcome [181].
With an increasing number of breast cancer survivors, there is an in-
crease in the number of women living with an unsatisfactory esthetic
outcome and quality of life studies clearly shows that this adversely
affects the patients. There are not only esthetic concerns, but also issues
with chronic pain, and cognitive and sexual changes that lead to a
decreased quality of life [182]. How to evaluate the esthetic outcome is
a challenge, but there are methods available, both subjective
[183,184], and objective, as evaluated by a surgical expert [185], and
finally objective protocol-based [186] methods. None of these are
perfect, and for an optimal surgical outcome, the centralization of
breast cancer surgery may be a solution [57].

Even though these factors were not considered in the early days of
breast cancer treatment, it has become clear that quality of life, body
image, and psychosocial well-being are critically important to women
after mastectomy [187]. Breast reconstruction offers significant benefits
when considering quality of life in these women [188-193]. The
techniques for reconstruction after a mastectomy, whether primary or
secondary, may naturally vary. The major differences are implant-based
breast reconstruction as opposed to autologous breast reconstructions.
A large multicenter study from Michigan, USA compared two-year
complication rates associated with common techniques for post-
mastectomy breast reconstruction among 2343 women registered at 11
sites participating in the Mastectomy Reconstruction Outcomes Con-
sortium study [194]. The results revealed high rates of overall com-
plications and re-operative complications, with significantly higher
odds of complications associated with autologous reconstruction com-
pared with implant-based techniques. However, although failure rates
were low across procedure types they were higher in the implant-based
reconstructions. Delayed reconstructions were significantly less likely
to develop any complications compared with women receiving im-
mediate reconstructions.

Using data from the same multicenter study (which involved 57
plastic surgeons), colleagues from Michigan used the BREAST-Q survey
to examine patient satisfaction and breast-related quality of life two
years after breast reconstruction using implant or autologous techni-
ques [195]. After stratification for baseline patient characteristics, it
was found that patients who underwent autologous reconstruction had
greater satisfaction with their breasts, and improved psychosocial and
sexual well-being at two years compared with patients who underwent
implant-based reconstruction [195]. To our knowledge, both these
studies [194,195] represent the largest prospective multicenter, pa-
tient-focused outcome series on breast reconstruction. However, before
firm conclusions can be drawn, further long-term (> 10 years) analyses
of longitudinal and cost-effective outcomes in a similar cohort must be
performed. We know that there are more complications with re-
constructive surgery compared to conventional mastectomy and it is
important to inform the patients about these possible complications so
that they can make an informed decision on which procedure is best for
them [62,196,197].

The choice of mastectomy with implant-based reconstruction may
seem like a good solution, but it is not the best choice for all. It is
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important to bear in mind how the patients themselves experience the
different surgical procedures. By using the BREAST-Q patient-reported
outcome measure, BCT was compared to mastectomy with implant-
based reconstruction in a study involving approximately 3200 patients.
Of these women, 63% had BCT, 4% had nipple-sparing mastectomy and
34% had skin-sparing or conventional mastectomy [198]. Baseline
characteristics like age, marital status, race, body mass index and
clinicopathologic characteristics of the tumor were included in the
evaluation, and overall patients with BCT were most satisfied. This
knowledge is important and may be of help in counseling patients. The
International Consortium for Health Outcomes Measurement (ICHOM)
organized a multidisciplinary working group for breast cancer with the
intention of providing a minimal standard set of outcomes for patients
with breast cancer [199]. The aims of the group were to: 1) enhance
clinician-patient shared decision-making, 2) provide quality outcome
information to providers and institutions to drive transparency and
improvement, and 3) increase the opportunity for comparative effec-
tiveness research [199].

The economic consequences of different levels of oncoplastic sur-
gery is another aspect of breast cancer treatment. Cost-utility analyses
from the USA, where oncoplastic surgery is most widespread, have been
performed. They compared large volume displacement oncoplastic
surgery to mastectomy with implant-based reconstruction [200] and
free flap reconstruction [201] in the treatment of breast cancer. In both
cases, oncoplastic BCT was found to be more cost effective [200,201].

2.6. Quality control of surgical procedures

Quality control of surgical procedures is important both for the
patients and for the different clinics. The National Surgical Quality
Improvement Program (USA) conducted a study looking at reoperation
for complications after breast conserving surgery and mastectomy
[202]. It included 18 500 patients. Only 4% required an unplanned
reoperation within 30 days, and the most frequent operation was
mastectomy with immediate breast reconstruction. Bleeding is the most
common complication requiring reoperation [202].

To maintain the excellent results for breast cancer treatment that we
have today, there must be general rules and requirements for treatment
both internationally [35,54,55,59] and nationally [203]. Included in
this concept are requirements that must be met by the breast cancer
centers treating patients as well as strict requirements on quality con-
trol [35,54,55,59,203]. This includes the clinicians involved, both on-
cological surgeons and medical oncologists, surgical skills, medical
equipment (pharmaceutical and technical), the number of patients
treated in the unit, research activity, and the proper use of multi-
disciplinary teams [35,56,57].

3. Conclusions

Breast cancer is a heterogenous disease which unfortunately affects
a significant number of patients, mostly women but also some men.
Because of its heterogeneity a “one-size-fits all” treatment is not the
correct approach. Information about breast cancer is available on-line
and breast cancer patients are often well informed about their disease;
however, even though the information is available to the public, it does
not mean that it can be readily understood by those without a medical
education and it is important therefore, for the physicians to be well
prepared for the consultation. In addition, the different surgical pro-
cedures require efforts from the patient, both in terms of experienced
pain and restrictions in daily routines. It is important for the clinicians
to inform the patients in an understandable way that the chosen
treatment is safe, and the patient is confident with the solution selected.
Achieving the best possible treatment for breast cancer patients is
considered the major goal for the health care system. This implies op-
timizing health outcomes per dollar spent and needs to encompass
overall disease control, possible complications, and quality of life.
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There are many treatment options which can lead to the same surgical
and oncological results, and many of these are decisions that need to be
taken by the patient through informed consent.

To conclude, it is clear that the treatment of breast cancer is a field
that is undergoing continuous change and improvements are occurring
constantly. It is mandatory for the clinicians to be cognizant of, and up
to date with, all these changes in order to be able to offer the best
possible treatment. Fortunately, many patients diagnosed with breast
cancer will outlive their cancer, which means the choice of optimal
treatment will be crucial in terms of prognosis and quality of life.

Ethical approval

This is a review where individual patients are not involved. Ethical
approval is not relevant.

Sources of funding

This manuscript is written without external funding. Publishing
charges will be done through the medical library at Oslo University
Hospital.

Author contribution

MR has initiated the idea of the review and written the manuscript.
ES and TS has critically read through the manuscript and added useful
information which is added to the initial draft. Special thanks to Sarah
Lang for help with language editing.

Trial registry number

Name of the registry:

Unique Identifying number or registration ID:

perlink to your specific registration (must be publicly accessible and
will be checked):

Guarantor

Dr Margit Riis take the full responsibility for the work and the
content of the review.

Provenance and peer review
Not commissioned, externally peer-reviewed.

Declaration of competing interest

There is no conflict of interest.
References

[1] F. Bray, J. Ferlay, I. Soerjomataram, R.L. Siegel, L.A. Torre, A. Jemal, Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality world-
wide for 36 cancers in 185 countries, CA A Cancer J. Clin. 68 (6) (2018) 394-424.
R.L. Siegel, K.D. Miller, A. Jemal, Cancer statistics, 2018, CA A Cancer J. Clin. 68
(1) (2018) 7-30.

American Cancer Society, Cancer Facts and Figures 2019, (2019) Available from:
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-
statistics/annual-%20cancer-facts-and-figures/2019/cancer-facts-and-figures-
2019.pdf.

UK Cr. Cancer Research UK.

J. Igbal, O. Ginsburg, P.A. Rochon, P. Sun, S.A. Narod, Differences in breast cancer
stage at diagnosis and cancer-specific survival by race and ethnicity in the United
States, Jama 313 (2) (2015) 165-173.

Guidelines, Nbcg, www.nbcg.no.

ASCO guidelines, https://www.asco.org/research-guidelines/quality-guidelines/
guidelines/breast-cancer.

0.J. Hartmann-Johnsen, R. Karesen, E. Schlichting, J.F. Nygard, Survival is better
after breast conserving therapy than mastectomy for early stage breast cancer: a
registry-based follow-up study of Norwegian women primary operated between

[2]

[3]

[4]
[5]

[6]
[71

[8]


http://refhub.elsevier.com/S2049-0801(20)30155-2/sref1
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref1
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref1
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref2
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref2
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-%20cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-%20cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-%20cancer-facts-and-figures/2019/cancer-facts-and-figures-2019.pdf
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref5
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref5
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref5
http://www.nbcg.no
https://www.asco.org/research-guidelines/quality-guidelines/guidelines/breast-cancer
https://www.asco.org/research-guidelines/quality-guidelines/guidelines/breast-cancer
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref8
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref8
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref8

M. Riis

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

1998 and 2008, Ann. Surg Oncol. 22 (12) (2015) 3836-3845.

S. Hofvind, A. Holen, T. Aas, M. Roman, S. Sebuodegard, L.A. Akslen, Women
treated with breast conserving surgery do better than those with mastectomy in-
dependent of detection mode, prognostic and predictive tumor characteristics,
Eur. J. Surg. Oncol. 41 (10) (2015) 1417-1422.

J. Mansell, E. Weiler-Mithoff, S. Stallard, J.C. Doughty, E. Mallon, L. Romics,
Oncoplastic breast conservation surgery is oncologically safe when compared to
wide local excision and mastectomy, Breast 32 (2017) 179-185.

M.H. Haloua, N.M. Krekel, H.A. Winters, D.H. Rietveld, S. Meijer, F.W. Bloemers,
et al., A systematic review of oncoplastic breast-conserving surgery: current
weaknesses and future prospects, Ann. Surg. 257 (4) (2013) 609-620.

R.A. Cochrane, P. Valasiadou, A.R. Wilson, S.K. Al-Ghazal, R.D. Macmillan,
Cosmesis and satisfaction after breast-conserving surgery correlates with the
percentage of breast volume excised, Br. J. Surg. 90 (12) (2003) 1505-1509.

G. Cancello, P. Maisonneuve, N. Rotmensz, G. Viale, M.G. Mastropasqua,

G. Pruneri, et al., Prognosis in women with small (T1mic,T1a,T1b) node-negative
operable breast cancer by immunohistochemically selected subtypes, Breast Canc.
Res. Treat. 127 (3) (2011) 713-720.

A.J. Lowery, M.R. Kell, R.W. Glynn, M.J. Kerin, K.J. Sweeney, Locoregional re-
currence after breast cancer surgery: a systematic review by receptor phenotype,
Breast Canc. Res. Treat. 133 (3) (2012) 831-841.

E.J. Campbell, L. Romics, Oncological safety and cosmetic outcomes in oncoplastic
breast conservation surgery, a review of the best level of evidence literature,
Breast Canc. 9 (2017) 521-530 Dove Medical Press.

B. Fisher, S. Anderson, J. Bryant, R.G. Margolese, M. Deutsch, E.R. Fisher, et al.,
Twenty-year follow-up of a randomized trial comparing total mastectomy, lum-
pectomy, and lumpectomy plus irradiation for the treatment of invasive breast
cancer, N. Engl. J. Med. 347 (16) (2002) 1233-1241.

U. Veronesi, N. Cascinelli, L. Mariani, M. Greco, R. Saccozzi, A. Luini, et al.,
Twenty-year follow-up of a randomized study comparing breast-conserving sur-
gery with radical mastectomy for early breast cancer, N. Engl. J. Med. 347 (16)
(2002) 1227-1232.

K.B. Clough, J.S. Lewis, B. Couturaud, A. Fitoussi, C. Nos, M.C. Falcou, Oncoplastic
techniques allow extensive resections for breast-conserving therapy of breast
carcinomas, Ann. Surg. 237 (1) (2003) 26-34.

C. Mazouni, A. Naveau, A. Kane, A. Dunant, J.R. Garbay, N. Leymarie, et al., The
role of oncoplastic breast surgery in the management of breast cancer treated with
primary chemotherapy, Breast 22 (6) (2013) 1189-1193.

S.J. McCulley, R.D. Macmillan, Therapeutic mammaplasty—analysis of 50 con-
secutive cases, Br. J. Plast. Surg. 58 (7) (2005) 902-907.

C. Nos, A. Fitoussi, D. Bourgeois, A. Fourquet, R.J. Salmon, K.B. Clough,
Conservative treatment of lower pole breast cancers by bilateral mammoplasty
and radiotherapy, Eur. J. Surg. Oncol. 24 (6) (1998) 508-514.

M. Rietjens, C.A. Urban, P.C. Rey, G. Mazzarol, P. Maisonneuve, C. Garusi, et al.,
Long-term oncological results of breast conservative treatment with oncoplastic
surgery, Breast 16 (4) (2007) 387-395.

A. Stolier, R. Allen, L. Linares, Breast conservation therapy with concomitant
breast reduction in large-breasted women, Breast J. 9 (4) (2003) 269-271.

B.P. Thornton, D.H. Stewart, P.C. McGrath, L.L. Pu, Breast reduction as an alter-
native treatment option for early breast cancer in women with macromastia, Ann.
Plast. Surg. 56 (1) (2006) 26-30.

A. Losken, T.M. Styblo, G.W. Carlson, G.E. Jones, B.J. Amerson, Management al-
gorithm and outcome evaluation of partial mastectomy defects treated using re-
duction or mastopexy techniques, Ann. Plast. Surg. 59 (3) (2007) 235-242.

S.L. Spear, C.V. Pelletiere, A.J. Wolfe, T.N. Tsangaris, M.F. Pennanen, Experience
with reduction mammaplasty combined with breast conservation therapy in the
treatment of breast cancer, Plast. Reconstr. Surg. 111 (3) (2003) 1102-1109.
S.A. Carter, G.R. Lyons, H.M. Kuerer, R.L. Bassett Jr., S. Oates, A. Thompson, et al.,
Operative and oncologic outcomes in 9861 patients with operable breast cancer:
single-institution analysis of breast conservation with oncoplastic reconstruction,
Ann. Surg Oncol. 23 (10) (2016) 3190-3198.

A. Chakravorty, A.K. Shrestha, N. Sanmugalingam, F. Rapisarda, N. Roche,

G. Querci Della Rovere, et al., How safe is oncoplastic breast conservation?
Comparative analysis with standard breast conserving surgery, Eur. J. Surg. Oncol.
38 (5) (2012) 395-398.

A. Chauhan, M.M. Sharma, K. Kumar, Evaluation of surgical outcomes of onco-
plasty breast surgery in locally advanced breast cancer and comparison with
conventional breast conservation surgery, Indian J. Surg. Oncol. 7 (4) (2016)
413-419.

F. De Lorenzi, G. Hubner, N. Rotmensz, V. Bagnardi, P. Loschi, P. Maisonneuve,
et al., Oncological results of oncoplastic breast-conserving surgery: long term
follow-up of a large series at a single institution: a matched-cohort analysis, Eur. J.
Surg. Oncol. 42 (1) (2016) 71-77.

F. De Lorenzi, P. Loschi, V. Bagnardi, N. Rotmensz, G. Hubner, G. Mazzarol, et al.,
Oncoplastic breast-conserving surgery for tumors larger than 2 centimeters: is it
oncologically safe? A matched-cohort analysis, Ann. Surg Oncol. 23 (6) (2016)
1852-1859.

M.A. Gulcelik, L. Dogan, M. Yuksel, M. Camlibel, C. Ozaslan, E. Reis, Comparison
of outcomes of standard and oncoplastic breast-conserving surgery, J. Breast Canc.
16 (2) (2013) 193-197.

J. Mansell, E. Weiler-Mithoff, J. Martin, A. Khan, S. Stallard, J.C. Doughty, et al.,
How to compare the oncological safety of oncoplastic breast conservation surgery -
to wide local excision or mastectomy? Breast 24 (4) (2015) 497-501.

W.P. Weber, S.D. Soysal, M. El-Tamer, V. Sacchini, M. Knauer, C. Tausch, et al.,
First international consensus conference on standardization of oncoplastic breast
conserving surgery, Breast Canc. Res. Treat. 165 (1) (2017) 139-149.

104

[35]

[36]
[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[571

[58]

[59]

[60]

Annals of Medicine and Surgery 56 (2020) 95-107

1.T. Rubio, L. Wyld, A. Esgueva, T. Kovacs, M.J. Cardoso, M. Leidenius, et al.,
Variability in breast cancer surgery training across Europe: an ESSO-EUSOMA
international survey, Eur. J. Surg. Oncol. 45 (4) (2019) 567-572.

NCCN guidelines, https://www.nccn.org/professionals/physician_gls/default.
aspx.

ESMO clinical guidelines on breast cancer treatment, http://www.esmo.org/
Guidelines/Breast-Cancer.

H.J. Burstein, G. Curigliano, S. Loibl, P. Dubsky, M. Gnant, P. Poortmans, et al.,
Estimating the benefits of therapy for early-stage breast cancer: the St. Gallen
International Consensus Guidelines for the primary therapy of early breast cancer
2019, Ann. Oncol. 30 (10) (2019) 1541-1557.

N. Houssami, P. Macaskill, M.L. Marinovich, M. Morrow, The association of sur-
gical margins and local recurrence in women with early-stage invasive breast
cancer treated with breast-conserving therapy: a meta-analysis, Ann. Surg Oncol.
21 (3) (2014) 717-730.

M.L. Marinovich, L. Azizi, P. Macaskill, L. Irwig, M. Morrow, L.J. Solin, et al., The
association of surgical margins and local recurrence in women with ductal carci-
noma in situ treated with breast- conserving therapy: a meta-analysis, Ann. Surg
Oncol. 23 (12) (2016) 3811-3821.

M. Morrow, K.J. Van Zee, L.J. Solin, N. Houssami, M. Chavez-MacGregor,

J.R. Harris, et al., Society of surgical Oncology-American society for radiation
Oncology-American society of clinical Oncology consensus guideline on margins
for breast-conserving surgery with whole-breast irradiation in ductal carcinoma in
situ, J. Clin. Oncol. 34 (33) (2016) 4040-4046.

R. Jeevan, D.A. Cromwell, M. Trivella, G. Lawrence, O. Kearins, J. Pereira, et al.,
Reoperation rates after breast conserving surgery for breast cancer among women
in England: retrospective study of hospital episode statistics, BMJ 345 (2012)
e4505.

N. Houssami, P. Macaskill, M.L. Marinovich, J.M. Dixon, L. Irwig, M.E. Brennan,
et al., Meta-analysis of the impact of surgical margins on local recurrence in
women with early-stage invasive breast cancer treated with breast-conserving
therapy, Eur. J. Canc. 46 (18) (2010) 3219-3232.

A. Crown, D.G. Wechter, J.W. Grumley, Oncoplastic breast-conserving surgery
reduces mastectomy and postoperative Re-excision rates, Ann. Surg Oncol. 22 (10)
(2015) 3363-3368.

S.K. Down, P.K. Jha, A. Burger, M.I. Hussien, Oncological advantages of onco-
plastic breast- conserving surgery in treatment of early breast cancer, Breast J. 19
(1) (2013) 56-63.

P.L. Giacalone, P. Roger, O. Dubon, N. El Gareh, S. Rihaoui, P. Taourel, et al.,
Comparative study of the accuracy of breast resection in oncoplastic surgery and
quadrantectomy in breast cancer, Ann. Surg Oncol. 14 (2) (2007) 605-614.

N. Kaur, J.Y. Petit, M. Rietjens, F. Maffini, A. Luini, G. Gatti, et al., Comparative
study of surgical margins in oncoplastic surgery and quadrantectomy in breast
cancer, Ann. Surg Oncol. 12 (7) (2005) 539-545.

P.L. Tenofsky, P. Dowell, T. Topalovski, S.D. Helmer, Surgical, oncologic, and
cosmetic differences between oncoplastic and nononcoplastic breast conserving
surgery in breast cancer patients, Am. J. Surg. 207 (3) (2014) 398-402 discussion.
A. Losken, X. Pinell-White, A.M. Hart, A.M. Freitas, G.W. Carlson, T.M. Styblo, The
oncoplastic reduction approach to breast conservation therapy: benefits for margin
control, Aesthetic Surg. J. 34 (8) (2014) 1185-1191.

M. Morrow, P. Abrahamse, T.P. Hofer, K.C. Ward, A.S. Hamilton, A.W. Kurian,
et al., Trends in reoperation after initial lumpectomy for breast cancer: addressing
overtreatment in surgical management, JAMA Oncol. 3 (10) (2017) 1352-1357.
L.Z. Braunstein, J.E. Brock, Y.H. Chen, L. Truong, A.L. Russo, N.D. Arvold, et al.,
Invasive lobular carcinoma of the breast: local recurrence after breast-conserving
therapy by subtype approximation and surgical margin, Breast Canc. Res. Treat.
149 (2) (2015) 555-564.

J. Khan, S. Barrett, C. Forte, S. Stallard, E. Weiler-Mithoff, J.C. Doughty, et al.,
Oncoplastic breast conservation does not lead to a delay in the commencement of
adjuvant chemotherapy in breast cancer patients, Eur. J. Surg. Oncol. 39 (8)
(2013) 887-891.

G. Naume BU, Arsrapport 2018 med resultater og forbedringstiltak fra Nasjonalt
kvalitetsregister for brystkreft, (2019) Oslo https://www kreftregisteret.no/
globalassets/publikasjoner-og-rapporter/arsrapporter/publisert-2019/arsrapport-
2018-brystkreft.pdf.

EUSOMA European Society of Breast Cancer Specialists, (2020) Available from:
https://www.eusoma.org/en/guidelines/breast-centre-guidelines/1-148-1.

L. Biganzoli, L. Marotti, M.J. Cardoso, L. Cataliotti, G. Curigliano, J. Cuzick, et al.,
European guidelines on the organisation of breast centres and voluntary certifi-
cation processes, Breast Care 14 (6) (2019) 359-365.

T. Kovacs, 1.T. Rubio, C. Markopoulos, R.A. Audisio, S. Knox, T. Kuhn, et al.,
Theoretical and practical knowledge curriculum for European Breast Surgeons,
Eur. J. Surg. Oncol. 46 (4 Pt B) (2020) 717-736.

E. Pons-Tostivint, L. Daubisse-Marliac, P. Grosclaude, E. Oum Sack, J. Goddard,
C. Morel, et al., Multidisciplinary team meeting and EUSOMA quality indicators in
breast cancer care: a French regional multicenter study, Breast 46 (2019)
170-177.

1. Ratosa, G. Plave, Comment on: "Multidisciplinary team meeting and EUSOMA
quality indicators in breast cancer care: a French regional multicenter study,
Breast 51 (2020) 1.

AR. Wilson, L. Marotti, S. Bianchi, L. Biganzoli, S. Claassen, T. Decker, et al., The
requirements of a specialist Breast Centre, Eur. J. Canc. 49 (17) (2013)
3579-3587.

M. Morrow, R. Jagsi, A.K. Alderman, J.J. Griggs, S.T. Hawley, A.S. Hamilton,

et al., Surgeon recommendations and receipt of mastectomy for treatment of
breast cancer, Jama 302 (14) (2009) 1551-1556.


http://refhub.elsevier.com/S2049-0801(20)30155-2/sref8
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref9
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref9
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref9
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref9
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref10
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref10
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref10
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref11
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref11
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref11
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref12
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref12
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref12
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref13
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref13
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref13
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref13
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref14
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref14
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref14
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref15
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref15
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref15
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref16
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref16
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref16
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref16
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref17
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref17
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref17
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref17
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref18
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref18
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref18
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref19
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref19
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref19
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref20
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref20
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref21
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref21
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref21
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref22
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref22
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref22
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref23
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref23
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref24
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref24
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref24
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref25
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref25
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref25
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref26
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref26
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref26
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref27
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref27
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref27
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref27
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref28
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref28
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref28
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref28
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref29
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref29
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref29
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref29
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref30
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref30
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref30
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref30
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref31
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref31
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref31
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref31
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref32
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref32
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref32
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref33
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref33
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref33
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref34
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref34
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref34
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref35
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref35
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref35
https://www.nccn.org/professionals/physician_gls/default.aspx
https://www.nccn.org/professionals/physician_gls/default.aspx
http://www.esmo.org/Guidelines/Breast-Cancer
http://www.esmo.org/Guidelines/Breast-Cancer
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref38
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref38
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref38
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref38
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref39
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref39
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref39
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref39
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref40
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref40
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref40
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref40
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref41
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref41
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref41
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref41
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref41
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref42
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref42
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref42
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref42
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref43
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref43
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref43
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref43
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref44
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref44
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref44
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref45
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref45
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref45
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref46
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref46
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref46
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref47
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref47
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref47
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref48
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref48
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref48
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref49
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref49
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref49
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref50
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref50
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref50
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref51
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref51
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref51
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref51
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref52
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref52
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref52
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref52
https://www.kreftregisteret.no/globalassets/publikasjoner-og-rapporter/arsrapporter/publisert-2019/arsrapport-2018-brystkreft.pdf
https://www.kreftregisteret.no/globalassets/publikasjoner-og-rapporter/arsrapporter/publisert-2019/arsrapport-2018-brystkreft.pdf
https://www.kreftregisteret.no/globalassets/publikasjoner-og-rapporter/arsrapporter/publisert-2019/arsrapport-2018-brystkreft.pdf
https://www.eusoma.org/en/guidelines/breast-centre-guidelines/1-148-1
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref55
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref55
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref55
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref56
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref56
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref56
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref57
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref57
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref57
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref57
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref58
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref58
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref58
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref59
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref59
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref59
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref60
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref60
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref60

M. Riis

[61]

[62]

[63]

[64]

[65]

[66]

671

[68]

[69]

[70]

[71]

[72]

[731]

[74]

[75]

[76]

[771

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

V. Galimberti, E. Vicini, G. Corso, C. Morigi, S. Fontana, V. Sacchini, et al., Nipple-
sparing and skin- sparing mastectomy: review of aims, oncological safety and
contraindications, Breast 34 (Suppl 1) (2017) S82-s4.

C.N. Lee, P.A. Ubel, A.M. Deal, L.B. Blizard, K.R. Sepucha, D.W. Ollila, et al., How
informed is the decision about breast reconstruction after mastectomy?: a pro-
spective, cross-sectional study, Ann. Surg. 264 (6) (2016) 1103-1109.

G.K. Lee, C.C. Sheckter, Breast reconstruction following breast cancer treatment-
2018, Jama 320 (12) (2018) 1277-1278.

R.P. Gruber, R.A. Kahn, H. Lash, M.R. Maser, D.B. Apfelberg, D.R. Laub, Breast
reconstruction following mastectomy: a comparison of submuscular and sub-
cutaneous techniques, Plast. Reconstr. Surg. 67 (3) (1981) 312-317.

G. Jones, A.K. Antony, Single stage, direct to implant pre-pectoral breast re-
construction, Gland Surg. 8 (1) (2019) 53-60.

L. Cattelani, S. Polotto, M.F. Arcuri, G. Pedrazzi, C. Linguadoca, E. Bonati, One-
step prepectoral breast reconstruction with dermal matrix-covered implant com-
pared to submuscular implantation: functional and cost evaluation, Clin. Breast
Canc. 18 (4) (2018) e703-e711.

A.A. Salibian, J.D. Frey, N.S. Karp, Strategies and considerations in selecting be-
tween subpectoral and prepectoral breast reconstruction, Gland Surg. 8 (1) (2019)
11-18.

M. Brown, J.D. Namnoum, Indications and controversies for implant-only based
breast reconstruction, Clin. Plast. Surg. 45 (1) (2018) 47-54.

B.D. Murphy, I. Kerrebijn, J. Farhadi, J. Masia, S.0.P. Hofer, Indications and
controversies for abdominally-based complete autologous tissue breast re-
construction, Clin. Plast. Surg. 45 (1) (2018) 83-91.

N.M. Toyserkani, M.G. Jorgensen, S. Tabatabaeifar, T. Damsgaard, J.A. Sgrensen,
Autologous versus implant-based breast reconstruction: a systematic review and
meta-analysis of Breast-Q patient-reported outcomes, J. Plast. Reconstr. Aesthetic
Surg. : JPRAS 73 (2) (2020) 278-285.

J. Van de Steene, G. Soete, G. Storme, Adjuvant radiotherapy for breast cancer
significantly improves overall survival: the missing link, Radiother. Oncol. 55 (3)
(2000) 263-272.

J. Ragaz, S.M. Jackson, N. Le, I.H. Plenderleith, J.J. Spinelli, V.E. Basco, et al.,
Adjuvant radiotherapy and chemotherapy in node-positive premenopausal women
with breast cancer, N. Engl. J. Med. 337 (14) (1997) 956-962.

A.L. Ho, E.S. Bovill, S.A. Macadam, S. Tyldesley, J. Giang, P.A. Lennox,
Postmastectomy radiation therapy after immediate two-stage tissue expander/
implant breast reconstruction: a University of British Columbia perspective, Plast.
Reconstr. Surg. 134 (1) (2014) 1e-10e.

P.G. Cordeiro, C.R. Albornoz, B. McCormick, Q. Hu, K. Van Zee, The impact of
postmastectomy radiotherapy on two-stage implant breast reconstruction: an
analysis of long-term surgical outcomes, aesthetic results, and satisfaction over 13
years, Plast. Reconstr. Surg. 134 (4) (2014) 588-595.

J.A. Ricci, S. Epstein, A.O. Momoh, S.J. Lin, D. Singhal, B.T. Lee, A meta-analysis
of implant-based breast reconstruction and timing of adjuvant radiation therapy,
J. Surg. Res. 218 (2017) 108-116.

S. Lanitis, P.P. Tekkis, G. Sgourakis, N. Dimopoulos, R. Al Mufti, D.J. Hadjiminas,
Comparison of skin-sparing mastectomy versus non-skin-sparing mastectomy for
breast cancer: a meta-analysis of observational studies, Ann. Surg. 251 (4) (2010)
632-639.

L. De La Cruz, A.M. Moody, E.E. Tappy, S.A. Blankenship, E.M. Hecht, Overall
survival, disease-free survival, local recurrence, and nipple-areolar recurrence in
the setting of nipple-sparing mastectomy: a meta-analysis and systematic review,
Ann. Surg Oncol. 22 (10) (2015) 3241-3249.

M.G. Valero, S. Muhsen, T.A. Moo, E.C. Zabor, M. Stempel, A. Pusic, et al., Increase
in utilization of nipple-sparing mastectomy for breast cancer: indications, com-
plications, and oncologic outcomes, Ann. Surg Oncol. 27 (2) (2020) 344-351.

B. Gerber, A. Krause, M. Dieterich, G. Kundt, T. Reimer, The oncological safety of
skin sparing mastectomy with conservation of the nipple-areola complex and au-
tologous reconstruction: an extended follow-up study, Ann. Surg. 249 (3) (2009)
461-468.

K.A. Metcalfe, T.D. Cil, J.L. Semple, L.D. Li, S. Bagher, T. Zhong, et al., Long-term
psychosocial functioning in women with bilateral prophylactic mastectomy: does
preservation of the nipple- areolar complex make a difference? Ann. Surg Oncol.
22 (10) (2015) 3324-3330.

C.H. Wei, A.M. Scott, A.N. Price, H.C. Miller, A.F. Klassen, S.M. Jhanwar, et al.,
Psychosocial and sexual well-being following nipple-sparing mastectomy and re-
construction, Breast J. 22 (1) (2016) 10-17.

R.A. Agha, Y. Al Omran, G. Wellstead, H. Sagoo, I. Barai, S. Rajmohan, et al.,
Systematic review of therapeutic nipple-sparing versus skin-sparing mastectomy,
BJS Open 3 (2) (2019) 135-145.

S. Santoro, A. Loreti, F. Cavaliere, L. Costarelli, M. La Pinta, E. Manna, et al.,
Neoadjuvant chemotherapy is not a contraindication for nipple sparing mas-
tectomy, Breast 24 (5) (2015) 661-666.

J.D. Frey, M. Choi, N.S. Karp, The effect of neoadjuvant chemotherapy compared
to adjuvant chemotherapy in healing after nipple-sparing mastectomy, Plast.
Reconstr. Surg. 139 (1) (2017) 10e-9e.

A.H. Woodson, J.L. Profato, K.I. Muse, J.K. Litton, Breast cancer in the young: role
of the geneticist, J. Thorac. Dis. 5 (Suppl 1) (2013) S19-S26.

C.K. Anders, C. Fan, J.S. Parker, L.A. Carey, K.L. Blackwell, N. Klauber-DeMore,
et al., Breast carcinomas arising at a young age: unique biology or a surrogate for
aggressive intrinsic subtypes? J. Clin. Oncol. 29 (1) (2011) e18-20.

Z. Anastasiadi, G.D. Lianos, E. Ignatiadou, H.V. Harissis, M. Mitsis, Breast cancer
in young women: an overview, Updates Surg. 69 (3) (2017) 313-317.

H.J. Kim, W. Han, O.V. Yi, H.C. Shin, S.K. Ahn, B.S. Koh, et al., Young age is
associated with ipsilateral breast tumor recurrence after breast conserving surgery

[89]

[90]

[91]
[92]

[93]

[94]

[95]

[96]

[97]

[98]

[991]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

Annals of Medicine and Surgery 56 (2020) 95-107

and radiation therapy in patients with HER2- positive/ER-negative subtype, Breast
Canc. Res. Treat. 130 (2) (2011) 499-505.

W. Han, S.W. Kim, L.A. Park, D. Kang, S.W. Kim, Y.K. Youn, et al., Young age: an
independent risk factor for disease-free survival in women with operable breast
cancer, BMC Canc. 4 (2004) 82.

N. Kroman, M.B. Jensen, J. Wohlfahrt, H.T. Mouridsen, P.K. Andersen, M. Melbye,
Factors influencing the effect of age on prognosis in breast cancer: population
based study, BMJ 320 (7233) (2000) 474-478.

C. Reyna, M.C. Lee, Breast cancer in young women: special considerations in
multidisciplinary care, J. Multidiscip. Healthc. 7 (2014) 419-429.

H.B. Lee, W. Han, Unique features of young age breast cancer and its management,
J. Breast Canc. 17 (4) (2014) 301-307.

S.B. Lee, J.W. Lee, B.H. Son, J.S. Eom, E.K. Kim, T.J. Lee, et al., Oncologic safety of
skin-sparing mastectomy followed by immediate reconstruction in young patients
with breast cancer, Asian J. Surg. 42 (1) (2019) 274-282.

B.S. Abdulkarim, J. Cuartero, J. Hanson, J. Deschenes, D. Lesniak, S. Sabri,
Increased risk of locoregional recurrence for women with T1-2NO triple-negative
breast cancer treated with modified radical mastectomy without adjuvant radia-
tion therapy compared with breast-conserving therapy, J. Clin. Oncol. 29 (21)
(2011) 2852-2858.

A.E. Dragun, B. Huang, T.C. Tucker, W.J. Spanos, Increasing mastectomy rates
among all age groups for early stage breast cancer: a 10-year study of surgical
choice, Breast J. 18 (4) (2012) 318-325.

D.J. Lucas, J. Sabino, C.D. Shriver, T.M. Pawlik, D.P. Singh, A.E. Vertrees, Doing
more: trends in breast cancer surgery, 2005 to 2011, Am. Surg. 81 (1) (2015)
74-80.

S.M. Wong, R.A. Freedman, Y. Sagara, F. Aydogan, W.T. Barry, M. Golshan,
Growing use of contralateral prophylactic mastectomy despite no improvement in
long-term survival for invasive breast cancer, Ann. Surg. 265 (3) (2017) 581-589.
M. Yi, K.K. Hunt, B.K. Arun, I. Bedrosian, A.G. Barrera, K.A. Do, et al., Factors
affecting the decision of breast cancer patients to undergo contralateral prophy-
lactic mastectomy, Canc. Prev. Res. 3 (8) (2010) 1026-1034.

T. Kim, A.E. Giuliano, G.H. Lyman, Lymphatic mapping and sentinel lymph node
biopsy in early- stage breast carcinoma: a metaanalysis, Cancer 106 (1) (2006)
4-16.

A.E. Giuliano, D.M. Kirgan, J.M. Guenther, D.L. Morton, Lymphatic mapping and
sentinel lymphadenectomy for breast cancer, Ann. Surg. 220 (3) (1994) 391-398
discussion 8-401.

T. Nemoto, J. Vana, R.N. Bedwani, H.W. Baker, F.H. McGregor, G.P. Murphy,
Management and survival of female breast cancer: results of a national survey by
the American College of Surgeons, Cancer 45 (12) (1980) 2917-2924.

C.L. Carter, C. Allen, D.E. Henson, Relation of tumor size, lymph node status, and
survival in 24,740 breast cancer cases, Cancer 63 (1) (1989) 181-187.

U. Veronesi, G. Paganelli, G. Viale, A. Luini, S. Zurrida, V. Galimberti, et al., A
randomized comparison of sentinel-node biopsy with routine axillary dissection in
breast cancer, N. Engl. J. Med. 349 (6) (2003) 546-553.

E. Schlichting, M.E. Harr, T. Sauer, A. Babovic, R. Karesen, Sentinel lymph node
biopsy in breast cancer, Tidsskr. Nor. Laegeforen 126 (16) (2006) 2098-2100.
D.N. Krag, S.J. Anderson, T.B. Julian, A.M. Brown, S.P. Harlow, J.P. Costantino,
et al., Sentinel-lymph- node resection compared with conventional axillary-lymph-
node dissection in clinically node- negative patients with breast cancer: overall
survival findings from the NSABP B-32 randomised phase 3 trial, Lancet Oncol. 11
(10) (2010) 927-933.

R. Gartner, M.B. Jensen, L. Kronborg, M. Ewertz, H. Kehlet, N. Kroman, Self-re-
ported arm- lymphedema and functional impairment after breast cancer treat-
ment-a nationwide study of prevalence and associated factors, Breast 19 (6)
(2010) 506-515.

R. Gartner, M.B. Jensen, J. Nielsen, M. Ewertz, N. Kroman, H. Kehlet, Prevalence
of and factors associated with persistent pain following breast cancer surgery,
Jama 302 (18) (2009) 1985-1992.

J. Rupp, C. Hadamitzky, C. Henkenberens, H. Christiansen, D. Steinmann,

F. Bruns, Frequency and risk factors for arm lymphedema after multimodal breast-
conserving treatment of nodal positive breast Cancer - a long-term observation,
Radiat. Oncol. 14 (1) (2019) 39.

N. Farkas, J. Wong, S. Monib, S. Thomson, A systematic review of chyle leaks and
their management following axillary surgery, Eur. J. Surg. Oncol. 46 (2020).

G. Cserni, 1. Amendoeira, N. Apostolikas, J.P. Bellocq, S. Bianchi, G. Bussolati,
et al., Pathological work-up of sentinel lymph nodes in breast cancer. Review of
current data to be considered for the formulation of guidelines, Eur. J. Canc. 39
(12) (2003) 1654-1667.

T.F. Tvedskov, M.B. Jensen, E. Balslev, B. Ejlertsen, N. Kroman, Stage migration
after introduction of sentinel lymph node dissection in breast cancer treatment in
Denmark: a nationwide study, Eur. J. Canc. 47 (6) (2011) 872-878.

M.B. Amin, F.L. Greene, S.B. Edge, C.C. Compton, J.E. Gershenwald,

R.K. Brookland, et al., The Eighth Edition AJCC Cancer Staging Manual: con-
tinuing to build a bridge from a population-based to a more "personalized" ap-
proach to cancer staging, CA A Cancer J. Clin. 67 (2) (2017) 93-99.

G. Viale, E. Maiorano, G. Mazzarol, S. Zurrida, V. Galimberti, A. Luini, et al.,
Histologic detection and clinical implications of micrometastases in axillary sen-
tinel lymph nodes for patients with breast carcinoma, Cancer 92 (6) (2001)
1378-1384.

G. Cserni, D. Gregori, F. Merletti, A. Sapino, M.P. Mano, A. Ponti, et al., Meta-
analysis of non- sentinel node metastases associated with micrometastatic sentinel
nodes in breast cancer, Br. J. Surg. 91 (10) (2004) 1245-1252.

G. Houvenaeghel, J.M. Boher, F. Reyal, M. Cohen, J.R. Garbay, J.M. Classe, et al.,
Impact of completion axillary lymph node dissection in patients with breast cancer


http://refhub.elsevier.com/S2049-0801(20)30155-2/sref61
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref61
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref61
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref62
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref62
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref62
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref63
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref63
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref64
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref64
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref64
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref65
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref65
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref66
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref66
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref66
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref66
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref67
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref67
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref67
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref68
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref68
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref69
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref69
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref69
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref70
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref70
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref70
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref70
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref71
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref71
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref71
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref72
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref72
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref72
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref73
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref73
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref73
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref73
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref74
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref74
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref74
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref74
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref75
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref75
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref75
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref76
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref76
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref76
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref76
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref77
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref77
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref77
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref77
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref78
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref78
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref78
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref79
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref79
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref79
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref79
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref80
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref80
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref80
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref80
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref81
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref81
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref81
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref82
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref82
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref82
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref83
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref83
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref83
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref84
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref84
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref84
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref85
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref85
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref86
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref86
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref86
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref87
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref87
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref88
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref88
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref88
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref88
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref89
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref89
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref89
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref90
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref90
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref90
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref91
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref91
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref92
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref92
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref93
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref93
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref93
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref94
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref94
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref94
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref94
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref94
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref95
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref95
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref95
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref96
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref96
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref96
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref97
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref97
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref97
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref98
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref98
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref98
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref99
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref99
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref99
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref100
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref100
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref100
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref101
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref101
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref101
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref102
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref102
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref103
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref103
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref103
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref104
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref104
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref105
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref105
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref105
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref105
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref105
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref106
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref106
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref106
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref106
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref107
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref107
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref107
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref108
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref108
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref108
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref108
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref109
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref109
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref110
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref110
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref110
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref110
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref111
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref111
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref111
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref112
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref112
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref112
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref112
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref113
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref113
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref113
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref113
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref114
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref114
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref114
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref115
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref115

M. Riis

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

and isolated tumour cells or micrometastases in sentinel nodes, Eur. J. Canc. 67
(2016) 106-118.

V. Galimberti, B.F. Cole, G. Viale, P. Veronesi, E. Vicini, M. Intra, et al., Axillary
dissection versus no axillary dissection in patients with breast cancer and sentinel-
node micrometastases (IBCSG 23-01): 10-year follow-up of a randomised, con-
trolled phase 3 trial, Lancet Oncol. 19 (10) (2018) 1385-1393.

V. Galimberti, B.F. Cole, S. Zurrida, G. Viale, A. Luini, P. Veronesi, et al., Axillary
dissection versus no axillary dissection in patients with sentinel-node micro-
metastases (IBCSG 23-01): a phase 3 randomised controlled trial, Lancet Oncol. 14
(4) (2013) 297-305.

A.E. Giuliano, K.K. Hunt, K.V. Ballman, P.D. Beitsch, P.W. Whitworth,

P.W. Blumencranz, et al., Axillary dissection vs no axillary dissection in women
with invasive breast cancer and sentinel node metastasis: a randomized clinical
trial, Jama 305 (6) (2011) 569-575.

M. Donker, G. van Tienhoven, M.E. Straver, P. Meijnen, C.J. van de Velde,

R.E. Mansel, et al., Radiotherapy or surgery of the axilla after a positive sentinel
node in breast cancer (EORTC 10981- 22023 AMAROS): a randomised, multi-
centre, open-label, phase 3 non-inferiority trial, Lancet Oncol. 15 (12) (2014)
1303-1310.

J.F. Robertson, P.J. Herrod, J. Matthew, L.S. Kilburn, C.E. Coles, I. Bradbury,
Treatment of the axilla in patients with primary breast cancer and low burden
axillary disease: limitations of the evidence from randomised controlled trials,
Crit. Rev. Oncol. Hematol. 110 (2017) 74-80.

A.E. Giuliano, K. Ballman, L. McCall, P. Beitsch, P.W. Whitworth, P. Blumencranz,
et al., Locoregional recurrence after sentinel lymph node dissection with or
without axillary dissection in patients with sentinel lymph node metastases: long-
term follow-up from the American College of surgeons Oncology group (alliance)
ACOSOG Z0011 randomized trial, Ann. Surg. 264 (3) (2016) 413-420.

A.E. Giuliano, K.V. Ballman, L. McCall, P.D. Beitsch, M.B. Brennan, P.R. Kelemen,
et al., Effect of axillary dissection vs No axillary dissection on 10-year overall
survival among women with invasive breast cancer and sentinel node metastasis:
the ACOSOG Z0011 (alliance) randomized clinical trial, Jama 318 (10) (2017)
918-926.

A. Mamtani, S. Patil, K.J. Van Zee, H.S. Cody 3rd, M. Pilewskie, A.V. Barrio, et al.,
Age and receptor status do not indicate the need for axillary dissection in patients
with sentinel lymph node metastases, Ann. Surg Oncol. 23 (11) (2016)
3481-3486.

M. Morrow, K.J. Van Zee, S. Patil, O. Petruolo, A. Mamtani, A.V. Barrio, et al.,
Axillary dissection and nodal irradiation can Be avoided for most node-positive
Z0011-eligible breast cancers: a prospective validation study of 793 patients, Ann.
Surg. 266 (3) (2017) 457-462.

W. Malter, M. Hellmich, M. Badian, V. Kirn, P. Mallmann, S. Kramer, Factors
predictive of sentinel lymph node involvement in primary breast cancer,
Anticancer Res. 38 (6) (2018) 3657-3662.

T. Reimer, A. Stachs, V. Nekljudova, S. Loibl, S. Hartmann, K. Wolter, et al.,
Restricted axillary staging in clinically and sonographically node-negative early
invasive breast cancer (c/iT1-2) in the context of breast conserving therapy: first
results following commencement of the Intergroup- sentinel-mamma (INSEMA)
trial, Geburtshilfe Frauenheilkd 77 (2) (2017) 149-157.

M. Castelo, S.Y. Hu, F. Dossa, S.A. Acuna, A.S. Scheer, Comparing observation,
axillary radiotherapy, and completion axillary lymph node dissection for man-
agement of axilla in breast cancer in patients with positive sentinel nodes: a sys-
tematic review, Ann. Surg Oncol. (2020), https://doi.org/10.1245/s10434-020-
08225-y.

A. Savolt, G. Peley, C. Polgar, N. Udvarhelyi, G. Rubovszky, E. Kovacs, et al., Eight-
year follow up result of the OTOASOR trial: the Optimal Treatment of the Axilla -
surgery or Radiotherapy after positive sentinel lymph node biopsy in early-stage
breast cancer: a randomized, single centre, phase III, non-inferiority trial, Eur. J.
Surg. Oncol. 43 (4) (2017) 672-679.

A.E. Giuliano, L. McCall, P. Beitsch, P.W. Whitworth, P. Blumencranz, A.M. Leitch,
et al., Locoregional recurrence after sentinel lymph node dissection with or
without axillary dissection in patients with sentinel lymph node metastases: the
American College of Surgeons Oncology Group Z0011 randomized trial, Ann.
Surg. 252 (3) (2010) 426-432 discussion 32-3.

M. Sola, J.A. Alberro, M. Fraile, P. Santesteban, M. Ramos, R. Fabregas, et al.,
Complete axillary lymph node dissection versus clinical follow-up in breast cancer
patients with sentinel node micrometastasis: final results from the multicenter
clinical trial AATRM 048/13/2000, Ann. Surg Oncol. 20 (1) (2013) 120-127.

A. Lucci, L.M. McCall, P.D. Beitsch, P.W. Whitworth, D.S. Reintgen,

P.W. Blumencranz, et al., Surgical complications associated with sentinel lymph
node dissection (SLND) plus axillary lymph node dissection compared with SLND
alone in the American College of Surgeons Oncology Group Trial Z0011, J. Clin.
Oncol. 25 (24) (2007) 3657-3663.

H.M. Kuerer, L.A. Newman, T.L. Smith, F.C. Ames, K.K. Hunt, K. Dhingra, et al.,
Clinical course of breast cancer patients with complete pathologic primary tumor
and axillary lymph node response to doxorubicin-based neoadjuvant che-
motherapy, J. Clin. Oncol. 17 (2) (1999) 460-469.

B. Fisher, J. Bryant, N. Wolmark, E. Mamounas, A. Brown, E.R. Fisher, et al., Effect
of preoperative chemotherapy on the outcome of women with operable breast
cancer, J. Clin. Oncol. 16 (8) (1998) 2672-2685.

P. Cortazar, L. Zhang, M. Untch, K. Mehta, J.P. Costantino, N. Wolmark, et al.,
Pathological complete response and long-term clinical benefit in breast cancer: the
CTNeoBC pooled analysis, Lancet 384 (9938) (2014) 164-172.

G. von Minckwitz, M. Untch, J.U. Blohmer, S.D. Costa, H. Eidtmann,

P.A. Fasching, et al., Definition and impact of pathologic complete response on
prognosis after neoadjuvant chemotherapy in various intrinsic breast cancer

106

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

Annals of Medicine and Surgery 56 (2020) 95-107

subtypes, J. Clin. Oncol. 30 (15) (2012) 1796-1804.

C. Liedtke, C. Mazouni, K.R. Hess, F. Andre, A. Tordai, J.A. Mejia, et al., Response
to neoadjuvant therapy and long-term survival in patients with triple-negative
breast cancer, J. Clin. Oncol. 26 (8) (2008) 1275-1281.

P. Rastogi, S.J. Anderson, H.D. Bear, C.E. Geyer, M.S. Kahlenberg, A. Robidoux,
et al., Preoperative chemotherapy: updates of national surgical adjuvant breast
and Bowel Project protocols B-18 and B- 27, J. Clin. Oncol. 26 (5) (2008) 778-785.
J.S. Mieog, J.A. van der Hage, C.J. van de Velde, Neoadjuvant chemotherapy for
operable breast cancer, Br. J. Surg. 94 (10) (2007) 1189-1200.

E.P. Mamounas, S.J. Anderson, J.J. Dignam, H.D. Bear, T.B. Julian, C.E. Geyer
Jr.et al., Predictors of locoregional recurrence after neoadjuvant chemotherapy:
results from combined analysis of National Surgical Adjuvant Breast and Bowel
Project B-18 and B-27, J. Clin. Oncol. 30 (32) (2012) 3960-3966.

Y. Sun, M. Liao, L. He, C. Zhu, Comparison of breast-conserving surgery with
mastectomy in locally advanced breast cancer after good response to neoadjuvant
chemotherapy: a PRISMA- compliant systematic review and meta-analysis,
Medicine (Baltim.) 96 (43) (2017) e8367.

V. Dialani, T. Chadashvili, P.J. Slanetz, Role of imaging in neoadjuvant therapy for
breast cancer, Ann. Surg Oncol. 22 (5) (2015) 1416-1424.

W.J. Choi, H.H. Kim, J.H. Cha, H.J. Shin, E.Y. Chae, G.Y. Yoon, Complete response
on MR imaging after neoadjuvant chemotherapy in breast cancer patients: factors
of radiologic-pathologic discordance, Eur. J. Radiol. 118 (2019) 114-121.

J.F. De Los Santos, A. Cantor, K.D. Amos, A. Forero, M. Golshan, J.K. Horton, et al.,
Magnetic resonance imaging as a predictor of pathologic response in patients
treated with neoadjuvant systemic treatment for operable breast cancer.
Translational Breast Cancer Research Consortium trial 017, Cancer 119 (10)
(2013) 1776-1783.

E. Um, J.W. Kang, S. Lee, H.J. Kim, T.I. Yoon, G. Sohn, et al., Comparing accuracy
of mammography and magnetic resonance imaging for residual calcified lesions in
breast cancer patients undergoing neoadjuvant systemic therapy, Clin. Breast
Canc. 18 (5) (2018) e1087-e1091.

L.A. Newman, A.U. Buzdar, S.E. Singletary, H.M. Kuerer, T. Buchholz, F.C. Ames,
et al., A prospective trial of preoperative chemotherapy in resectable breast
cancer: predictors of breast-conservation therapy feasibility, Ann. Surg Oncol. 9
(3) (2002) 228-234.

B. Ataseven, B. Lederer, J.U. Blohmer, C. Denkert, B. Gerber, J. Heil, et al., Impact
of multifocal or multicentric disease on surgery and locoregional, distant and
overall survival of 6,134 breast cancer patients treated with neoadjuvant che-
motherapy, Ann. Surg Oncol. 22 (4) (2015) 1118-1127.

F. Petrelli, S. Barni, Response to neoadjuvant chemotherapy in ductal compared to
lobular carcinoma of the breast: a meta-analysis of published trials including 1,764
lobular breast cancer, Breast Canc. Res. Treat. 142 (2) (2013) 227-235.

J. Baselga, 1. Bradbury, H. Eidtmann, S. Di Cosimo, E. de Azambuja, C. Aura, et al.,
Lapatinib with trastuzumab for HER2-positive early breast cancer (NeoALTTO): a
randomised, open-label, multicentre, phase 3 trial, Lancet 379 (9816) (2012)
633-640.

L. Gianni, T. Pienkowski, Y.H. Im, L. Roman, L.M. Tseng, M.C. Liu, et al., Efficacy
and safety of neoadjuvant pertuzumab and trastuzumab in women with locally
advanced, inflammatory, or early HER2-positive breast cancer (NeoSphere): a
randomised multicentre, open-label, phase 2 trial, Lancet Oncol. 13 (1) (2012)
25-32.

M. Konishi, J. Minohata, S. Mizumoto, M. Kubo, T. Hata, K. Asukai, et al.,
[Response to neoadjuvant chemotherapy in breast cancer as assessed by subtype],
Gan To Kagaku Ryoho 40 (12) (2013) 1653-1655.

D.K. Salim, H. Mutlu, M.K. Eryilmaz, F.Y. Musri, D. Tural, S. Gunduz, et al.,
Molecular types and neoadjuvant chemotherapy in patients with breast cancer-
while molecular shifting is more common in luminal a tumors, the pathologic
complete response is most frequently observed in her-2 like tumors, Asian Pac. J.
Cancer Prev. APJCP : Asian Pac. J. Cancer Prev. APJCP 15 (21) (2014) 9379-9383.
H. Kim, W. Park, S.J. Huh, D.H. Choi, J.M. Noh, Y.H. Im, et al., Clinical outcomes
according to molecular subtypes in stage II-III breast cancer patients treated with
neoadjuvant chemotherapy followed by surgery and radiotherapy, Asia Pac. J.
Clin. Oncol. 13 (4) (2017) 329-336.

S. Diaz-Botero, M. Espinosa-Bravo, V.R. Goncalves, A. Esgueva-Colmenarejo,

V. Peg, J. Perez, et al., Different prognostic implications of residual disease after
neoadjuvant treatment: impact of Ki 67 and site of response, Ann. Surg Oncol. 23
(12) (2016) 3831-3837.

S.K. Swisher, J. Vila, S.L. Tucker, I. Bedrosian, S.F. Shaitelman, J.K. Litton, et al.,
Locoregional control according to breast cancer subtype and response to neoad-
juvant chemotherapy in breast cancer patients undergoing breast-conserving
therapy, Ann. Surg Oncol. 23 (3) (2016) 749-756.

O. Gentilini, E. Botteri, N. Rotmensz, L. Da Lima, M. Caliskan, C.A. Garcia-Etienne,
et al., Conservative surgery in patients with multifocal/multicentric breast cancer,
Breast Canc. Res. Treat. 113 (3) (2009) 577-583.

H.M. Kuerer, G.M. Rauch, S. Krishnamurthy, B.E. Adrada, A.S. Caudle,

S.M. DeSnyder, et al., A clinical feasibility trial for identification of exceptional
responders in whom breast cancer surgery can Be eliminated following neoadju-
vant systemic therapy, Ann. Surg. 267 (5) (2018) 946-951.

A.B. Tadros, W.T. Yang, S. Krishnamurthy, G.M. Rauch, B.D. Smith, V. Valero,
et al., Identification of patients with documented pathologic complete response in
the breast after neoadjuvant chemotherapy for omission of axillary surgery, JAMA
Surg. 152 (7) (2017) 665-670.

H.M. Kuerer, Eliminating Breast Cancer Surgery in Exceptional Responders with
Neoadjuvant Therapy, (2017) [ClinicalTrials.gov web site] 2016.

K.K. Hunt, M. Yi, E.A. Mittendorf, C. Guerrero, G.V. Babiera, I. Bedrosian, et al.,
Sentinel lymph node surgery after neoadjuvant chemotherapy is accurate and


http://refhub.elsevier.com/S2049-0801(20)30155-2/sref115
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref115
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref116
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref116
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref116
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref116
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref117
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref117
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref117
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref117
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref118
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref118
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref118
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref118
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref119
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref119
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref119
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref119
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref119
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref120
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref120
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref120
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref120
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref121
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref121
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref121
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref121
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref121
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref122
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref122
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref122
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref122
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref122
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref123
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref123
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref123
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref123
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref124
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref124
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref124
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref124
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref125
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref125
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref125
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref126
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref126
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref126
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref126
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref126
https://doi.org/10.1245/s10434-020-08225-y
https://doi.org/10.1245/s10434-020-08225-y
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref128
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref128
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref128
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref128
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref128
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref129
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref129
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref129
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref129
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref129
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref130
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref130
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref130
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref130
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref131
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref131
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref131
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref131
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref131
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref132
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref132
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref132
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref132
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref133
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref133
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref133
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref134
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref134
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref134
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref135
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref135
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref135
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref135
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref136
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref136
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref136
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref137
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref137
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref137
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref138
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref138
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref139
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref139
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref139
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref139
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref140
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref140
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref140
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref140
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref141
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref141
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref142
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref142
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref142
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref143
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref143
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref143
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref143
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref143
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref144
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref144
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref144
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref144
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref145
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref145
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref145
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref145
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref146
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref146
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref146
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref146
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref147
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref147
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref147
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref148
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref148
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref148
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref148
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref149
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref149
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref149
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref149
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref149
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref150
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref150
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref150
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref151
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref151
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref151
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref151
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref151
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref152
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref152
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref152
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref152
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref153
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref153
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref153
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref153
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref154
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref154
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref154
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref154
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref155
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref155
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref155
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref156
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref156
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref156
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref156
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref157
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref157
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref157
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref157
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref158
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref158
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref159
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref159

M. Riis

[160]

[161]

[162]

[163]

[164]

[165]

[166]

[167]

[168]

[169]

[170]

[171]
[172]

[173]

[174]

[175]

[176]

[177]

[178]

[179]

[180]

reduces the need for axillary dissection in breast cancer patients, Ann. Surg. 250
(4) (2009) 558-566.

J.M. Classe, V. Bordes, L. Campion, H. Mignotte, F. Dravet, J. Leveque, et al.,
Sentinel lymph node biopsy after neoadjuvant chemotherapy for advanced breast
cancer: results of Ganglion Sentinelle et Chimiotherapie Neoadjuvante, a French
prospective multicentric study, J. Clin. Oncol. 27 (5) (2009) 726-732.

B. Fisher, A. Brown, E. Mamounas, S. Wieand, A. Robidoux, R.G. Margolese, et al.,
Effect of preoperative chemotherapy on local-regional disease in women with
operable breast cancer: findings from National Surgical Adjuvant Breast and Bowel
Project B-18, J. Clin. Oncol. 15 (7) (1997) 2483-2493.

J.C. Boughey, V.J. Suman, E.A. Mittendorf, G.M. Ahrendt, L.G. Wilke, B. Taback,
et al., Sentinel lymph node surgery after neoadjuvant chemotherapy in patients
with node-positive breast cancer: the ACOSOG Z1071 (Alliance) clinical trial,
Jama 310 (14) (2013) 1455-1461.

J.F. Boileau, B. Poirier, M. Basik, C.M. Holloway, L. Gaboury, L. Sideris, et al.,
Sentinel node biopsy after neoadjuvant chemotherapy in biopsy-proven node-po-
sitive breast cancer: the SN FNAC study, J. Clin. Oncol. 33 (3) (2015) 258-264.
O.M. Fayanju, Y. Ren, S.M. Thomas, R.A. Greenup, J.K. Plichta, L.H. Rosenberger,
et al., The clinical significance of breast-only and node-only pathologic complete
response (pCR) after neoadjuvant chemotherapy (NACT): a review of 20,000
breast cancer patients in the national cancer data Base (NCDB), Ann. Surg. 268 (4)
(2018) 591-601.

T. Kuehn, I. Bauerfeind, T. Fehm, B. Fleige, M. Hausschild, G. Helms, et al.,
Sentinel-lymph-node biopsy in patients with breast cancer before and after
neoadjuvant chemotherapy (SENTINA): a prospective, multicentre cohort study,
Lancet Oncol. 14 (7) (2013) 609-618.

L. Schwentner, G. Helms, V. Nekljudova, B. Ataseven, 1. Bauerfeind, N. Ditsch,
et al., Using ultrasound and palpation for predicting axillary lymph node status
following neoadjuvant chemotherapy - results from the multi-center SENTINA
trial, Breast 31 (2017) 202-207.

J.C. Boughey, K.V. Ballman, H.T. Le-Petross, L.M. McCall, E.A. Mittendorf,

G.M. Ahrendt, et al., Identification and resection of clipped node decreases the
false-negative rate of sentinel lymph node surgery in patients presenting with
node-positive breast cancer (T0-T4, N1-N2) who receive neoadjuvant che-
motherapy: results from ACOSOG Z1071 (alliance), Ann. Surg. 263 (4) (2016)
802-807.

A.S. Caudle, W.T. Yang, E.A. Mittendorf, D.M. Black, R. Hwang, B. Hobbs, et al.,
Selective surgical localization of axillary lymph nodes containing metastases in
patients with breast cancer: a prospective feasibility trial, JAMA Surg. 150 (2)
(2015) 137-143.

M. Teshome, C. Wei, K.K. Hunt, A. Thompson, K. Rodriguez, E.A. Mittendorf, Use
of a magnetic tracer for sentinel lymph node detection in early-stage breast cancer
patients: a meta-analysis, Ann. Surg Oncol. 23 (5) (2016) 1508-1514.

C.E. Cox, N. Garcia-Henriquez, M.J. Glancy, P. Whitworth, J.M. Cox, M. Themar-
Geck, et al., Pilot study of a new nonradioactive surgical guidance technology for
locating nonpalpable breast lesions, Ann. Surg Oncol. 23 (6) (2016) 1824-1830.
D.O. Jeffries, L.A. Dossett, J.M. Jorns, Localization for breast surgery: the next
generation, Arch. Pathol. Lab Med. 141 (10) (2017) 1324-1329.

C.S. Fisher, J.A. Margenthaler, K.K. Hunt, T. Schwartz, The landmark series: ax-
illary management in breast cancer, Ann. Surg Oncol. 27 (3) (2020) 724-729.
Nct01872975, NB-R. NCT01872975: Standard or Comprehensive Radiation
Therapy in Treating Patients with Early Stage Breast Cancer Previously Treated
with Chemotherapy and Surgery, (2019) Available from: https://clinicaltrials.
gov/ct2/show/NCT01872975.

Nct01901094, AA. NCT01901094: Comparison of Axillary Lymph Node Dissection
with Axillary Radiation for Patients with Node-Positive Breast Cancer Treated with
Chemotherapy, (2019) https://clinicaltrials.gov/ct2/show/NCT01901094.

T. Sorlie, C.M. Perou, R. Tibshirani, T. Aas, S. Geisler, H. Johnsen, et al., Gene
expression patterns of breast carcinomas distinguish tumor subclasses with clinical
implications, Proc. Natl. Acad. Sci. U.S.A. 98 (19) (2001) 10869-10874.

M. Pilewskie, E.C. Zabor, A. Mamtani, A.V. Barrio, M. Stempel, M. Morrow, The
optimal treatment plan to avoid axillary lymph node dissection in early-stage
breast cancer patients differs by surgical strategy and tumor subtype, Ann. Surg
Oncol. 24 (12) (2017) 3527-3533.

N. Houssami, P. Macaskill, G. von Minckwitz, M.L. Marinovich, E. Mamounas,
Meta-analysis of the association of breast cancer subtype and pathologic complete
response to neoadjuvant chemotherapy, Eur. J. Canc. 48 (18) (2012) 3342-3354.
J.C. Boughey, L.M. McCall, K.V. Ballman, E.A. Mittendorf, G.M. Ahrendt,

L.G. Wilke, et al., Tumor biology correlates with rates of breast-conserving surgery
and pathologic complete response after neoadjuvant chemotherapy for breast
cancer: findings from the ACOSOG Z1071 (Alliance) Prospective Multicenter
Clinical Trial, Ann. Surg. 260 (4) (2014) 608-614 discussion 14-6.

B.T. Hennessy, G.N. Hortobagyi, R. Rouzier, H. Kuerer, N. Sneige, A.U. Buzdar,
et al., Outcome after pathologic complete eradication of cytologically proven
breast cancer axillary node metastases following primary chemotherapy, J. Clin.
Oncol. 23 (36) (2005) 9304-9311.

K. Ojala, T.J. Meretoja, M.H. Leidenius, Aesthetic and functional outcome after
breast conserving surgery - comparison between conventional and oncoplastic

[181]

[182]

[183]

[184]

[185]

[186]

[187]

[188]

[189]

[190]

[191]

[192]
[193]

[194]

[195]

[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

Annals of Medicine and Surgery 56 (2020) 95-107

resection, Eur. J. Surg. Oncol. 43 (4) (2017) 658-664.

J.S. Cardoso, W. Silva, M.J. Cardoso, Evolution, current challenges, and future
possibilities in the objective assessment of aesthetic outcome of breast cancer lo-
coregional treatment, Breast 49 (2020) 123-130.

C.E. Hill-Kayser, C. Vachani, M.K. Hampshire, G.A. Di Lullo, J.M. Metz, Cosmetic
outcomes and complications reported by patients having undergone breast-con-
serving treatment, Int. J. Radiat. Oncol. Biol. Phys. 83 (3) (2012) 839-844.

M. Lagendijk, L.S.E. van Egdom, C. Richel, N. van Leeuwen, C. Verhoef,

H.F. Lingsma, et al., Patient reported outcome measures in breast cancer patients,
Eur. J. Surg. Oncol. 44 (7) (2018) 963-968.

L.Z. Cordova, D.J. Hunter-Smith, W.M. Rozen, Patient reported outcome measures
(PROM:s) following mastectomy with breast reconstruction or without re-
construction: a systematic review, Gland Surg. 8 (4) (2019) 441-451.

C. Vrieling, L. Collette, E. Bartelink, J.H. Borger, S.J. Brenninkmeyer, J.C. Horiot,
et al., Validation of the methods of cosmetic assessment after breast-conserving
therapy in the EORTC "boost versus no boost" trial. EORTC radiotherapy and
breast cancer cooperative groups. European organization for research and treat-
ment of cancer, Int. J. Radiat. Oncol. Biol. Phys. 45 (3) (1999) 667-676.

M.H. Haloua, N.M. Krekel, G.J. Jacobs, B. Zonderhuis, M.B. Bouman,

M.E. Buncamper, et al., Cosmetic outcome assessment following breast-conserving
therapy: a comparison between BCCT.core software and panel evaluation, Int. J.
Breast Canc. 2014 (2014) 716860.

S.B. Kincaid, Breast reconstruction: a review, Ann. Plast. Surg. 12 (5) (1984)
431-448.

J. Dauplat, F. Kwiatkowski, P. Rouanet, E. Delay, K. Clough, J.L. Verhaeghe, et al.,
Quality of life after mastectomy with or without immediate breast reconstruction,
Br. J. Surg. 104 (9) (2017) 1197-1206.

E.G. Wilkins, P.S. Cederna, J.C. Lowery, J.A. Davis, H.M. Kim, R.S. Roth, et al.,
Prospective analysis of psychosocial outcomes in breast reconstruction: one-year
postoperative results from the Michigan Breast Reconstruction Outcome Study,
Plast. Reconstr. Surg. 106 (5) (2000) 1014-1025 discussion 26-7.

Y. Brandberg, M. Malm, L. Blomqvist, A prospective and randomized study,
"SVEA," comparing effects of three methods for delayed breast reconstruction on
quality of life, patient-defined problem areas of life, and cosmetic result, Plast.
Reconstr. Surg. 105 (1) (2000) 66-74 discussion 5-6.

E.E. Elder, Y. Brandberg, T. Bjorklund, R. Rylander, J. Lagergren, G. Jurell, et al.,
Quality of life and patient satisfaction in breast cancer patients after immediate
breast reconstruction: a prospective study, Breast 14 (3) (2005) 201-208.

J.A. Girotto, J. Schreiber, M.Y. Nahabedian, Breast reconstruction in the elderly:
preserving excellent quality of life, Ann. Plast. Surg. 50 (6) (2003) 572-578.

C. Dean, U. Chetty, A.P. Forrest, Effects of immediate breast reconstruction on
psychosocial morbidity after mastectomy, Lancet 1 (8322) (1983) 459-462.

K.G. Bennett, J. Qi, H.M. Kim, J.B. Hamill, A.L. Pusic, E.G. Wilkins, Comparison of
2-year complication rates among common techniques for postmastectomy breast
reconstruction, JAMA Surg. 153 (10) (2018) 901-908.

K.B. Santosa, J. Qi, H.M. Kim, J.B. Hamill, E.G. Wilkins, A.L. Pusic, Long-term
patient-reported outcomes in postmastectomy breast reconstruction, JAMA Surg.
153 (10) (2018) 891-899.

K.M. de Ligt, A.C.M. van Bommel, K. Schreuder, J.H. Maduro, M. Vrancken
Peeters, M.A.M. Mureau, et al., The effect of being informed on receiving im-
mediate breast reconstruction in breast cancer patients, Eur. J. Surg. Oncol. 44 (5)
(2018) 717-724.

S. Mitchell, J. Gass, M. Hanna, How well informed do patients feel about their
breast cancer surgery options? Findings from a nationwide survey of women after
lumpectomy and/or mastectomy, J. Am. Coll. Surg. 226 (2) (2018) 134-146.e3.
M.R. Flanagan, E.C. Zabor, A. Romanoff, S. Fuzesi, M. Stempel, B.J. Mehrara,

et al., A comparison of patient-reported outcomes after breast-conserving surgery
and mastectomy with implant breast reconstruction, Ann. Surg Oncol. 26 (10)
(2019) 3133-3140.

W.L. Ong, M.G. Schouwenburg, A.C.M. van Bommel, C. Stowell, K.H. Allison,
K.E. Benn, et al., A standard set of value-based patient-centered outcomes for
breast cancer: the international Consortium for health outcomes measurement
(ICHOM) initiative, JAMA Oncol. 3 (5) (2017) 677-685.

A. Asban, C. Homsy, L. Chen, C. Fisher, A. Losken, A. Chatterjee, A cost-utility
analysis comparing large volume displacement oncoplastic surgery to mastectomy
with single stage implant reconstruction in the treatment of breast cancer, Breast
41 (2018) 159-164.

A. Chatterjee, A. Asban, M. Jonczyk, L. Chen, B. Czerniecki, C.S. Fisher, A cost-
utility analysis comparing large volume displacement oncoplastic surgery to
mastectomy with free flap reconstruction in the treatment of breast cancer, Am. J.
Surg. 218 (3) (2019) 597-604.

Z. Al-Hilli, KM. Thomsen, E.B. Habermann, J.W. Jakub, J.C. Boughey,
Reoperation for complications after lumpectomy and mastectomy for breast
cancer from the 2012 national surgical quality improvement Program (ACS-
NSQIP), Ann. Surg Oncol. 22 (Suppl 3) (2015) S459-5469.

0.J. Hartmann-Johnsen, R. Karesen, E. Schlichting, B. Naume, J.F. Nygard, Using
clinical cancer registry data for estimation of quality indicators: results from the
Norwegian breast cancer registry, Int. J. Med. Inf. 125 (2019) 102-109.


http://refhub.elsevier.com/S2049-0801(20)30155-2/sref159
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref159
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref160
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref160
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref160
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref160
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref161
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref161
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref161
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref161
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref162
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref162
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref162
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref162
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref163
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref163
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref163
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref164
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref164
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref164
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref164
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref164
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref165
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref165
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref165
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref165
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref166
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref166
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref166
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref166
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref167
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref167
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref167
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref167
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref167
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref167
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref168
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref168
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref168
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref168
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref169
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref169
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref169
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref170
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref170
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref170
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref171
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref171
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref172
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref172
https://clinicaltrials.gov/ct2/show/NCT01872975
https://clinicaltrials.gov/ct2/show/NCT01872975
https://clinicaltrials.gov/ct2/show/NCT01901094
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref175
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref175
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref175
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref176
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref176
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref176
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref176
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref177
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref177
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref177
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref178
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref178
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref178
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref178
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref178
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref179
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref179
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref179
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref179
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref180
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref180
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref180
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref181
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref181
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref181
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref182
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref182
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref182
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref183
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref183
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref183
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref184
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref184
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref184
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref185
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref185
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref185
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref185
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref185
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref186
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref186
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref186
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref186
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref187
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref187
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref188
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref188
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref188
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref189
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref189
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref189
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref189
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref190
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref190
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref190
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref190
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref191
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref191
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref191
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref192
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref192
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref193
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref193
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref194
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref194
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref194
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref195
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref195
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref195
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref196
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref196
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref196
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref196
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref197
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref197
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref197
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref198
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref198
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref198
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref198
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref199
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref199
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref199
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref199
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref200
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref200
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref200
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref200
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref201
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref201
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref201
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref201
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref202
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref202
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref202
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref202
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref203
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref203
http://refhub.elsevier.com/S2049-0801(20)30155-2/sref203

	Modern surgical treatment of breast cancer
	Introduction
	Epidemiology
	Treatment - overview

	Surgical treatment of the breast
	Breast conserving therapy (BCT)
	Mastectomy
	Surgical treatment of the axilla in early stage breast cancer
	Effect of neoadjuvant treatment on choice of surgical procedure
	Breast surgery after neoadjuvant treatment
	Surgery of the axilla after neoadjuvant treatment

	Quality of life in breast cancer survivors
	Quality control of surgical procedures

	Conclusions
	Ethical approval
	Sources of funding
	Author contribution
	Trial registry number
	Guarantor
	Provenance and peer review
	Declaration of competing interest
	References




