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The present paper reports on the local treatment of breast cancer from a historical
perspective. A search for articles written in English was made in the Medline and EMBASE
databases, and 40 papers were selected. Over the past 10 years, various randomized,
controlled clinical trials on the local treatment of breast cancer indicated that patients with
the same molecular subtype may receive different individualized surgical treatments aimed
at optimizing systemic adjuvant therapy. With a view to retaining the gains made in disease-
free and overall survival, surgical techniques have advanced from radical surgery to
conservative mastectomies, thus reducing sequelae, while adjuvant and neoadjuvant
therapies have contributed toward controlling the disease, both distant metastases and
local recurrence. Current studies evaluate whether future breast cancer therapy may even
succeed in eliminating surgery to the breast and axilla altogether.

Este artigo discute o tratamento local do cancer de mama a partir de uma perspectiva
histérica. Uma busca de artigos publicados em inglés foi realizada nas bases de dados
Medline e EMBASE, sendo selecionados 40 artigos. Nos Gltimos 10 anos, varios ensaios
clinicos controlados e randomizados sobre o tratamento local do cancer de mama
indicaram que pacientes com o mesmo subtipo molecular podem receber diferentes
tratamentos cirdrgicos individualizados com o objetivo de otimizar a terapia adjuvante
sistémica. Pretendendo reter os ganhos obtidos na sobrevida livre de doenca e na
sobrevida global, as técnicas cirdrgicas avan¢aram progressivamente da cirurgia radical
para mastectomias conservadoras, reduzindo sequelas, enquanto as terapias adjuvan-
tes e neoadjuvantes contribuiram para o controle da doenca, tanto em relagdo as
metastases distantes quanto a recorréncia local. Estudos atuais avaliam se a terapia
futura contra o cancer de mama podera até mesmo eliminar a cirurgia da mama e da
axila por completo.
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Progress in Local Treatment of Breast Cancer

Introduction

Dramatic progress has been made in the local treatment of
breast cancer in recent years. Surgical techniques have
advanced from radical surgery to breast-conserving surgery
and to even more conservative mastectomies. It is no longer
possible to justify severe sequelae in women treated for
breast cancer. In parallel, adjuvant and neoadjuvant thera-
pies have allowed control of the disease, not only with
respect to distant metastases, but also local recurrence.
The purpose of the present article is to review the progress
that has been made in the local treatment of breast cancer up
to the present time from a historical perspective.
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Methods

A search was made of the MEDLINE and EMBASE databases
using the medical subject headings: breast cancer therapy,
breast-conserving therapy, sentinel node biopsy, mastectomy,
neoadjuvant chemotherapy, and adjuvant therapy. Papers not
published in English and case reports were excluded. The
authors reviewed 1,077 abstracts from meta-analyses, ran-
domized clinical trials, and cohort, longitudinal or prospective
studies reporting on oncologic outcomes following breast
cancer treatment. Randomized clinical trials were the pre-
ferred choice, except in situations in which no such studies
existed (~Table 1). Studies with at least 2 years of follow-up

Table 1 Characteristics of the randomized clinical trials included in the review

Study Study period Follow-Up Intervention Total sample size
Fisher et al® 1971-1974 25 years Radical mastectomy 1,079
Total mastectomy
Total mastectomy + radiotherapy
Fisher et al® 1976-1984 20 years Total mastectomy 1,851
Lumpectomy
Lumpectomy + radiotherapy
Veronesi el al® 1973-1980 20 years Radical mastectomy 701
Quadrantectomy + radiotherapy
van Dongen et al’ 1980-1986 10 years Modified mastectomy 868
Lumpectomy + radiotherapy
Poggi et al® 1979-1987 18.4 years Modified mastectomy 237
Lumpectomy + radiotherapy
Blichert-Toft et al® 1983-1989 6 years Mastectomy 905
Lumpectomy + radiotherapy
Arriagada et al'® 1972-1979 15 years Mastectomy 179
Conservative surgery + radiotherapy
Fisher et al'! 1982-1988 10 years Tamoxifen 2,818
Placebo
Fisher et al'2 8 years NSABP 13: 760
NSABP 13 Methotrexate + fluorouracil 1,095
NSABP 19 Placebo
NSABP 19:
Cyclophosphamide + methotrexate + fluorouracil
Methotrexate + fluorouracil
Haviland et al'® 1999-2002  10years  START A: 2,236
START A 25 radiotherapy fractions (50Gy) 2,215
START B 13 radiotherapy fractions (41.6 or 39 Gy)
START B:
25 radiotherapy fractions (50 Gy)
15 radiotherapy fractions (40 Gy)
Hughes et al?0 1994-1999 10 years > 70 years: 636
Lumpectomy
Lumpectomy + radiotherapy
Kunkler et al®! 2003-2009 5 years > 65 years: 1,326
Lumpectomy
Lumpectomy + radiotherapy
Krag et al®* 1999-2004 8 years Negative sentinel lymph node: 5,611
Sentinel lymph node alone
Sentinel lymph node + axillary lymph node dissection
Giuliano et al®® 1999-2004 6.3 years 891
(Continued)
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Table 1 (Continued)
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Study Study period Follow-Up Intervention Total sample size
Positive sentinel lymph node (1 or 2):
Sentinel lymph node alone
Sentinel lymph node + axillary lymph node dissection

Donker et al?® 2001-2010 5 years Positive sentinel lymph node: 1,425
Axillary radiotherapy
Sentinel lymph node + axillary lymph node dissection

Savolt et al?’ 2002-2009 5 years Positive sentinel lymph node: 526
Axillary radiotherapy
Sentinel lymph node + axillary lymph node dissection

Galimberti et al?® 2001-2010 5 years Positive sentinel lymph node (micrometastases): 934
Sentinel lymph node alone
Sentinel lymph node + axillary lymph node dissection

Sola et al®® 2001-2008 5 years Positive sentinel lymph node (micrometastases): 247
Sentinel lymph node alone
Sentinel lymph node + axillary lymph node dissection

Masuda et al** 2007-2012 5 years HER2-negative invasive residual disease: 910
Capecitabine
Placebo

von Minckwitz et al*®>  2013-2015 3 years HER2-positive invasive residual disease: 1,486
Trastuzumab
T-DM1

Abbreviations: HER2, human epidermal growth factor receptor 2; NSABP, National Surgical Adjuvant Breast and Bowel Project; T-DM1, trastuzumab

emtansine.

were preferred. Most of the identified studies were excluded
because of their retrospective review design. The authors
selected the following topics to create an appropriate chrono-
logical narrative: radical mastectomy, the era of clinical trials,
conservative breast surgery, conservative mastectomy, the
role of radiotherapy in breast surgery, the axillae, and the
future. The studies on each topic were evaluated separately.
The authors decided that a classic article by Halsted published
in 1907 would serve as the starting point for this narrative.
Articles written in English were retrieved and read in full by at
least two of the authors. Forty papers were selected for use in
the present review, including the article published in 1907 and
the more recent literature up to May 2019. No classification
system was used to rate the level of evidence.>>°

Radical Mastectomy

William Stewart Halsted first coined the idea of radical breast
surgery at the end of the 19" century. Because most recur-
rences occurred close to the site of resection, Halsted'
hypothesized that the margins were probably inadequate
and that wide and complete resection of the organ in a block
that included the internal mammary nodes and pectoral
muscles would be necessary to ensure local control and cure
of the disease. He postulated the centrifugal theory of spread,
in which the disease would spread in an organized manner
from a focus in the breast, initially to the axillary lymph
nodes and then to distant organs. Radical mastectomy was
effective in reducing the rates of local recurrence; however,
significant morbidities, such as natural anterior mobilization
of the shoulder following surgery and clinically significant
lymphedema, were common. Furthermore, almost half the
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patients operated died from distant recurrence in the initial
years. Halsted' proposed increasing the surgery site to
include up to the supraclavicular fossa and cervical region.
In a study presented at the beginning of the 20" century, of
40 women with cervical lymph node involvement, only three
survived. These findings raised some questions: Does radical
mastectomy alter the chance of survival in the case of ad-
vanced tumors? and Did “cured” women with a more initial
stage of the disease need such extensive surgery? These issues
were already being discussed at that time; however, radical
surgery would remain as standard for many years to come
before it could be tested in a clinical trial.

The Era of Clinical Trials

Halsted’s centrifugal theory and radical mastectomy
remained unchallenged for several decades. Questioning
the effectiveness of radical treatment, George Crile? pro-
posed a less extensive surgery referred to as simple mastec-
tomy. Finally, in the 1970s, Bernard Fisher,> who was driven
by the “systemic disease” hypothesis and by the feminist
politics of the era, conducted the National Surgical Adjuvant
Breast and Bowel Project (NSABP) B-04 multicenter trial,
with sufficient statistical power to compare radical mastec-
tomy with simple mastectomy according to the axillary
status (clinically negative or positive). Women with clinically
negative axillae (n=1,079) were randomized to standard
radical surgery, simple mastectomy (without axillary dissec-
tion), or simple mastectomy (without axillary dissection)
together with radiotherapy. In 2002, after 25 years of follow-
up, no significant difference in distant metastasis and overall
survival was found. While in the group submitted to radical
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surgery, around 40% of the patients presented with lymph
node metastasis following axillary dissection, in the group
submitted to simple mastectomy without dissection and
without radiotherapy, less than half of the cases presented
with visible axillary disease during follow-up. These results
had an irreversible impact on local management (breast and
axilla) but also opened the doors to adjuvant treatment for
breast cancer in the following decades.

Conservative Breast Surgery

Historically, conservative surgery came on the heels of the
NSABP B-04 trial.> Nevertheless, the idea was not innovative.
In London, Geoffrey Keynes* relatively unknown in the
history of breast cancer treatment, was already testing
lumpectomy together with radiation in the 1920s and
reporting rates of control of the disease that were similar
to those found with radical surgery. The technique did not
become popular at that time, mainly because of the fame of
Halsted’s radical mastectomy. Beginning in the 1970s, 6
prospective randomized studies were conducted to test
Keynes' hypothesis, the best known being the American
NSABP B-06 and the Milan study, which were conducted,
respectively, by Fisher and Veronosi.”~'® However, while the
Italian study recommended resection of the tumor together
with adjacent normal tissue and the associated skin island,
the NSABP B-06 study advocated resection of the lesion
together with sufficient normal tissue to ensure a good
cosmetic outcome without obligatorily removing the skin
over the tumor. At the time, the oncological safety involved in
the two procedures was heatedly debated. The American
study randomized a total of 2,163 women with initial stage
breast cancer, tumors of up to 4 cm and negative or positive
axillae to undergo radical mastectomy, lumpectomy with
radiotherapy, or lumpectomy alone. After 20 years of follow-
up, the rate of ipsilateral local recurrence in the group
submitted to lumpectomy with radiotherapy was 14.3%. In
the Italian study, women with tumors of up to 2 cm and
clinically negative axillae were submitted to radical mastec-
tomy or quadrantectomy with radiotherapy. After 20 years of
follow-up, 8.8% of women in the group submitted to conser-
vative surgery had local recurrence of the disease compared
with 2.3% in the group submitted to mastectomy. Currently,
conservative surgery without removal of the skin (lumpec-
tomy or segmental mastectomy) is the form of breast-con-
serving surgery most widely used worldwide. Studies on
breast-conserving surgery have found no differences in
survival when this technique is compared with mastectomy;
however, local recurrence rates were a concern, since they
were still considered high. For many years, the debate
focused on the minimum amount of normal tissue (margins)
that had to be resected to minimize these recurrences. Of
those pioneering studies, only the NSABP B-06 recom-
mended establishing free margins, with the minimal margin
required being defined as “no ink on tumor.” With the
introduction of mammographic screening, reduction in the
initial tumor load, and improvements in pathology protocols,
but, especially, with the advent of systemic treatment, the
incidence of local recurrences has currently dropped. The
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use of hormone therapy in the NSABP B-14 study reduced the
rate of local recurrence from 14.7% (placebo) to 4.3% (tamox-
ifen group)."! Likewise, in the NSABP B-13 trial, the use of
chemotherapy reduced the local recurrence rate from 13.4 to
2.6%.1% The current aim of breast-conserving surgery with
multimodal treatment is not to merely sterilize the foci of the
disease in the breast, but also to attack undetectable foci
outside the index tumor, thus confronting an old problem in
breast surgery. Even with the paradoxical reduction in the
recurrence rate with less extensive surgery, the size of the
margin remains a controversial issue. Many patients contin-
ued to be submitted to margin expansion, even when
margins were already clear. More recently, based on a
meta-analysis, the American Societies of Surgical Oncology,
Radiotherapy and Clinical Oncology issued a consensus
recommendation that the minimum margin required should
be one of “no ink on tumor.”'® In summary, that study
compared the margin in breast-conserving surgery for initial
stage breast cancer using two models. The first model
compared negative margins with positive margins, resulting
in a significant difference favoring negative margins insofar
as local control of the disease was concerned. In the second
model, clear margins were compared with wider margins
(established references of 1, 2, and 5mm), with similar
results being found, leading to the conclusion that wider
margins are unnecessary. The study did not evaluate
patients who had undergone systemic neoadjuvant therapy;
however, this does not necessarily mean that wider margins
are required in patients not receiving adjuvant systemic
therapy. Moreover, the consensus panel does not rule out
the possibility of wider margins when clinically necessary, as
in cases in which residual disease is identified through
imaging tests, for example, thus warranting re-excision.
Traditionally used on inoperable tumors since the 1970s,
neoadjuvant chemotherapy began to be used also on opera-
ble tumors to facilitate the surgical procedure, thus increas-
ing the rates of breast-conserving surgery. Systemic therapy
may also attack possible micrometastases in the body before
surgery. A great debate over the years was whether, in
conservative surgery, resection should be limited to the
residual area or whether it should be extended to the entire
previous extent of the disease prior to neoadjuvant chemo-
therapy. A recent meta-analysis covering 1983 to 2002
involved 10 randomized studies with 4,756 women and
compared neoadjuvant chemotherapy with the same treat-
ment given as adjuvant therapy.'* After a mean follow-up
time of 15 years, neoadjuvant chemotherapy was associated
with a greater rate of local recurrence: 21.4% for neoadjuvant
chemotherapy versus 15.4% for adjuvant chemotherapy, an
absolute increase of 5.5% with no effect on distant recurrence
or mortality. In fact, two of these studies involved patients
who responded so well to treatment that they were not
submitted to surgery after neoadjuvant chemotherapy,
resulting in higher recurrence rates. When these cases
were removed from the analysis, the absolute difference in
recurrence dropped to 3.2%. Nonetheless, this was a meta-
analysis of older studies that preceded current knowledge on
molecular subtypes and human epidermal growth factor
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receptor 2 (HER2) status; hence, without the benefit of anti-
HER2 therapy. Many of these patients were not submitted to
analysis of their hormone receptor status. Likewise, most of
the women did not use taxanes, while some were treated
with cyclophosphamide, methotrexate and 5-fluorouracil
chemotherapy; however, the great majority used a regimen
of anthracyclines. The clinical evaluation of these women
consisted basically of physical examination and mammogra-
phy. Factors such as the current use of radiology, including
preoperative marking, which is associated with better pa-
thology features, as well as the use of better systemic treat-
ments and, above all, better individualization according to
molecular subtype allow greater safety in breast-conserving
surgery following neoadjuvant chemotherapy.

Conservative Mastectomies

Many patients will undergo mastectomy. Skin-sparing mas-
tectomy and skin-sparing mastectomy with preservation of
the nipple-areola complex have become popular. The possibil-
ity of preserving all the skin makes breast reconstruction
easier and minimizes scarring; however, no randomized con-
trolled trials have been conducted to compare conventional
mastectomy or even breast-conserving surgery with these
types of mastectomy. A meta-analysis of observational studies
with over 3,739 patients compared skin-sparing mastectomy
with standard mastectomy and found no differences in the rate
of local recurrence between the two: 4.0% versus 6.2% for skin-
sparing mastectomy.'” Indeed, skin-sparing mastectomy has
become standard. Conversely, skin-sparing mastectomy with
preservation of the nipple-areola complex is more controver-
sial, since, unlike skin-sparing mastectomy, in which there is a
dissection plane of fatty tissue between the skin and the breast
parenchyma, there is no clear plane behind the nipple-areola
complex, which means that a certain amount of breast tissue
has to be left. A retrospective analysis conducted in Italy
assembles the best evidence on nipple-sparing mastectomy.'®
It involved 1,989 patients who were submitted to the proce-
dure, 1,711 with invasive carcinoma and 278 with ductal
carcinoma in situ. After 94 months of follow-up, the local
recurrence rate was 5.3% in the invasive carcinoma group and
4% in the ductal carcinoma in situ group. Only 6.7% of the
patients with invasive carcinoma (with axillary metastases in
half of these cases) underwent comprehensive radiotherapy of
the breast (78% had intraoperative radiotherapy in the nipple-
areola complex, and 15% had no radiotherapy at all). Recently,
the choice of incision in nipple-sparing mastectomy has been
debated, since reconstruction and satisfactory esthetic out-
come depend on how the mastectomy is performed. Incisions
in the upper outer quadrant facilitate the approach but leave a
scar that may be apparent and as stigmatizing as radical
surgery, while inframammary incisions are more discrete,
but are not appropriate for all breasts. The periareolar option
may represent a middle ground, but these incisions have
historically been associated with greater necrosis of the nip-
ple-areola complex. However, in a recent analysis, our group
found low rates of necrosis of the nipple-areolar complex
(9.6%; with 3.2% being cases of total necrosis) and concluded
that the periareolar approach can be used.'”
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The role of Radiotherapy in Breast Surgery

Comprehensive breast radiotherapy is a prerequisite for the
viability of conservative surgery. Some studies have evaluated
the role of radiotherapy in controlling the disease. In the NSABP
B-06 trial, radiotherapy associated with lumpectomy reduced
the rate of ipsilateral recurrence to 14.3% compared with 39.2%
in the no radiotherapy group, irrespective of lymph node
status.” A meta-analysis of 17 randomized studies involving
10,801 women compared radiotherapy versus no radiotherapy
after conservative surgery.'® Cancer recurrence was reduced by
half when radiotherapy was given, with an effect on survival in
1. Overall, radiotherapy reduced the 10-year rate of any
recurrence (local or distant) from 35 to 19.3%, an absolute
difference of 15.7% (95%Cl: 13.7-17.7%; p < 0.00001). There-
fore, not providing radiotherapy in breast-conserving surgery
should be the exception. Currently, not only is standard frac-
tionated radiotherapy available, but also hypofractionated
radiotherapy can be safely performed in selected cases. The
UK Standardisation of Breast Radiotherapy (START) trial com-
pared the standard regimen of 50 Gy in 25 fractions with
hypofractionation (40 and 41.6 Gy, respectively,in 15 or 13 frac-
tions) in patients with early breast cancer (pT1-3a pNO-1 MO0)
submitted to conservative surgery, and found no differences
with respect to control of the disease or tolerability.'® More
recently, two controlled studies evaluated the possibility of
excluding radiotherapy in elderly patients with initial stage
tumors. The first was the Cancer and Leukemia Group B
(CALGB) 9343, which included patients of 70 years of age or
more with hormone receptor-positive tumors, TINO (HER2
was not excluded, since randomization occurred between 1994
and 1999), comparing surgery plus radiotherapy with surgery
alone.?? Over a 10-year follow-up period, the local recurrence
rate was 2% in the radiotherapy group and 10% in the group
submitted to surgery alone, with survival and mastectomy
rates being similar in both groups. The second study was
the PRIME II (Postoperative Radiotherapy in Minimum-Risk
Elderly) trial, conducted in the United Kingdom with patients
over 65 years of age and tumors smaller than 3 cm (HER2 not
evaluable).?! Over a 5-year follow-up period, local recurrence
was 1.3% in the group without radiotherapy compared with
4.1% in the group submitted to radiotherapy, findings that are
in agreement with the first report on the CALGB 9343 study.
Radiotherapy also plays an important role following mastecto-
my. In general, as a concept, indications should be similar in
radical surgery and in breast-conserving mastectomy. Tradi-
tionally, radiotherapy is indicated for patients with 4 or more
affected lymph nodes, positive surgical margins or in the case of
tumors over 5cm. There is debate regarding the role of
radiotherapy in patients with 1-3 metastatic lymph nodes. A
meta-analysis that included 8,135 women in 22 trials submit-
ted either to radiotherapy following mastectomy or to surgery
alone showed that in patients with 1-3 positive lymph nodes,
radiotherapy reduced locoregional recurrence in 10 years
(0.68; 95%CI: 0.57-0.82) and mortality in 20 years (0.80; 95%
CI: 0.67-0.95).22 Radiotherapy had no effect in patients with
negative lymph nodes in that study. The role of secondary
factors such as age, molecular subtype, and angiolymphatic
invasion in the decision regarding whether to use radiotherapy
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following mastectomy remains controversial, with no universal
consensus. Also, the role of radiotherapy in the internal mam-
mary nodes has been debated, particularly following the
publication of the results of the European Organisation for
Research and Treatment of Cancer (EORTC) 22922 and NCIC
(National Cancer Institute of Canada) MA.20 studies.2? Ques-
tions regarding which patients need regional nodal irradiation
therapy need to be answered in the future.

Axillae

Axillary lymph node dissection has been standard practice in
the assessment of the axilla since the time of Halsted,'
irrespective of clinical nodal status. The NSABP B-04 trial
raised important questions on the role of axillary dissection
in breast cancer treatment, since less than half the patients
with possible lymph node involvement presented with axil-
lary recurrence in the group not submitted to axillary dissec-
tion.? Nevertheless, even after that study, dissection continued
to be standard, because it provided excellent local control and
also provided the grounds for deciding on adjuvant treatment,
either radiotherapy or chemotherapy. It was only in the 1990s
that lymphatic drainage and the concept of the sentinel lymph
node biopsy were understood. Subsequently, the NSABP B-32
trial, in which 5,000 women with clinically negative axillae
underwent sentinel lymph node mapping, resulted in an
identification rate of 97.2%.2% Those patients with a negative
sentinel node were then randomized to axillary dissection or
expectant management. After 10 years of follow-up, there was
no significant difference between the groups regarding axil-
lary recurrence and overall survival despite the false-negative
rate of around 9.8% (17.7% when only 1 sentinel lymph node
was identified). More women in the group submitted to
axillary dissection underwent chemotherapy, suggesting an
influence on treatment plan at that time, since some of these
patients would have had positive axillae at the definitive
biopsy. The NSABP B-32 trial also evaluated the role of occult
node metastases.?* Here, 15.9% were identified in women with
negative sentinel lymph nodes, with 2/3 consisting of isolated
cells in the lymph node. Occult metastases were prognostic,
although the absolute difference was small (1.2% overall
survival and 2.8% disease-free survival).

The advent of sentinel lymph node mapping was a major
milestone in the history of breast cancer surgery, resulting in a
significant reduction in the rates of lymphedema. Neverthe-
less, the majority of patients with positive sentinel lymph
nodes had no additional metastases. The American College of
Surgeons Oncology Group (ACOSOG) Z0011 trial was con-
ducted to evaluate the role of axillary dissection in positive
sentinel lymph nodes in patients with clinically negative
axillae prior to surgery.?> Although the initial results of that
study were presented in 2010, randomization began in 1999
and ended in 2004, still at the beginning of the sentinel lymph
node era and also before molecular subtypes were understood
(HER2 measurement in initial stage breast cancer became
available only after its randomization procedure). The Z011
study was a non-inferiority trial that included patients with
positive sentinel lymph nodes and compared sentinel lymph
node dissection plus axillary dissection versus sentinel lymph
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node dissection alone without specific axillary treatment. The
study was terminated early due to poor recruitment, and with
fewer events than previously programmed. The patients were
submitted to breast-conserving surgery and should have
received full breast radiotherapy and systemic therapy (hor-
mone therapy and/or chemotherapy). The limit was estab-
lished as two positive sentinel lymph nodes, with no minimum
number of resected lymph nodes. After a mean follow-up time
of 6.3 years, there was no statistically significant difference
between the groups in terms of axillary recurrence or overall
survival.

Among the limitations of that study, there was a breach of
protocol in some cases, since some patients received high
tangential fields in breast radiotherapy (the same in the two
groups); however, on the other hand, around 10% of the
women had no radiotherapy at all, favoring the non-experi-
mental arm. The selection of patients with more favorable
biology was also controversial. However, since HER2 status
was not requested in initial stage breast cancer at that time,
there was no way of selecting the subtype (the number of
HER2-positive patients in the study was unknown and they
were not treated with anti-HER2 therapy). The short follow-
up time was another topic of debate; however, the scenario
did not change over 10 years of follow-up. Finally, the
statistical power of the study represented a problem, since
the number of patients included was small and there were
few events. For this final reason, it is highly improbable that
there would be any change in the results. Furthermore, the
Z0011 study is no longer alone, since four randomized
studies were presented in sequence.?®-2° The After Mapping
of the Axilla: Radiotherapy Or Surgery (AMAROS) and Opti-
mal Treatment Of the Axilla - Surgery Or Radiotherapy
(OTOASOR) studies compared axillary dissection with axillary
radiotherapy and, although residual axillary disease was found
in around 33% and 38% of cases, respectively, there was no
significant difference in terms of axillary recurrence or overall
survival.?®?7 The Italian study International Breast Cancer
Study Group (IBCSG) 23-01 and the Spanish study AATRM
(Agéncia DAvaluacié de Tecnologia i Recerca Médiques de
Catalunya) 048/13/2000 reported similar clinical outcomes,
with 13% of residual axillary disease; however, only patients
with micrometastases were included (~Table 2).

When neoadjuvant systemic therapy is indicated, sentinel
lymph node mapping can be performed. If the axilla is
clinically negative at diagnosis, mapping can be performed
prior to or following systemic treatment. The advantage of
performing it prior to systemic treatment lies in being able to
access the information required for adjuvant treatment
(radiotherapy); however, it does not affect the decision to
provide neoadjuvant systemic treatment when indicated.
The advantages of performing it after neoadjuvant treatment
are the fact that only one surgical procedure is required;
systemic treatment reduces the likelihood of lymph node
positivity, particularly in biologically aggressive tumors;
hence, there is less likelihood of morbidity and no delay in
initiating systemic therapy. In cases of clinically positive
axilla (cN + ) followed by a complete clinical response to
systemic treatment (yCNO), sentinel lymph node mapping
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Table 2 Residual axillary disease following sentinel lymph node mapping, lymph node recurrence, and strategies used as
alternatives to axillary lymph node dissection, either in cases of node-negative (study NSABP B-32 only) or node-positive patients

Study Residual Sentinel lymph Lymph node Alternatives to axillary dissection
disease node status recurrence
NSABP B-3224 10%* Negative 0.7 (8 years) Sentinel lymph node biopsy
ACOSOG 70011%° 27% Positive 1.5% (10 years) Sentinel lymph node biopsy**
IBCSG 23-0128 13% Positive 2.0% (9.7 years) Sentinel lymph node biopsy
AATRM 048/13/2000%° 13% Positive 2.5% (5 years) Sentinel lymph node biopsy
AMAROS2® 33% Positive 1.1% (5 years) Sentinel lymph node biopsy and radiotherapy
OTOASOR?’ 38% Positive 1.7% (8 years) Sentinel lymph node biopsy and radiotherapy

Abbreviations: AATRM, Agéncia DAvaluacié de Tecnologia i Recerca Médiques de Catalunya; ACOSOG, American College of Surgeons Oncology
Group; AMAROS, After Mapping of the Axilla: Radiotherapy Or Surgery; IBCSG, International Breast Cancer Study Group; NSABP, National Surgical
Adjuvant Breast and Bowel Project; OTOASOR, Optimal Treatment Of the Axilla - Surgery Or Radiotherapy.

“Residual disease estimated from false-negative rates.

“Some patients in the study were submitted to radiotherapy (high tangents), similarly in both groups.

can also be performed. In this case, the false-negative rate is
slightly higher than the rates prior to systemic treatment, as
shown in the Z1071, sentinel neoadjuvant (SENTINA), and
sentinel node biopsy following neoadjuvant chemotherapy
(SN FNAC) studies (=Table 3).3%-32 Nevertheless, false-nega-
tive rates become similar when at least three sentinel lymph
nodes are identified and resected. The use of a dual-tracer
method or marker-clip placement on the lymph node prior to
treatment improved false-negative rates in those studies.
The usefulness of the random removal of lymph nodes
(sampling) to reach this minimum number has yet to be
confirmed scientifically. From the point of view of local
control of the disease, these higher false-negative rates
may have little relevance. Indeed, this criterion reflects the
absence of robust studies evaluating clinical outcomes. A
recent Italian study with a small number of patients, who
were N+ at the beginning and experienced downstaging,
failed to show any increase in axillary recurrence.>* Never-
theless, maximizing the false-negative rate could have
played arole in the decision regarding whether to implement
additional systemic treatment when the disease was identi-
fied in the breast and/or axilla.

Until recently, there were no randomized studies showing
the advantage of performing adjuvant drug therapy follow-
ing neoadjuvant chemotherapy and surgery. The CREATEx
and KATHERINE studies changed this perception.>3° In the

phase IIl KATHERINE trial, 1,486 patients with residual HER2
disease following neoadjuvant chemotherapy, with or with-
out dual blockade of anti-HER2 agents, were randomized to
use T-DM1 or adjuvant trastuzumab. After 3 years of follow-
up, 88.3% of patients in the T-DM1 group were free of
invasive disease compared with 77% in the trastuzumab
group, a significant absolute difference of 11.3%, with a
risk ratio of 0.50 (0.39-0.64; p < 0.001) and a relative reduc-
tion in recurrence of around 50%. On the other hand, the
CREATExX was a randomized study involving HER2-negative
women: 910 patients with residual disease following neo-
adjuvant chemotherapy were selected to use capecitabine or
not. The study reached its primary endpoint and was
stopped. In triple-negative patients, disease-free survival
reached 69.8% in the women using capecitabine compared
with 56.1% in the control group (0.58; 0.39-87%), a signifi-
cant reduction of 42% in recurrence or death, with evidence
also pointing to a benefit in overall survival (78.8% versus
70.3%), with a risk ratio of 0.52 (0.30-0.90). Therefore, in
view of these new data, diagnosing residual disease in HER2-
positive and triple-negative patients became crucial.

The Future

In axillary surgery, there is an ongoing study to evaluate cN+
patients who presented as sentinel lymph node-negative
following chemotherapy (ypN0).3® These women are being

Table 3 False-negative rates for sentinel lymph node mapping performed after systemic neoadjuvant therapy in clinically node-

positive patients, as reported in three different studies

Study False negative rates
Overall rate >3 sentinel lymph Use of immunohistochemistry Clipped node
nodes identified
ACOSOG 7107130 12.6% 9.1% 8.7% 6.8%
SENTINA3 14.2% 7.3% - -
SN FNAC?? 13.3% 4.9% 8.4%" -

Abbreviations: ACOSOG, American College of Surgeons Oncology Group; SENTINA, sentinel neoadjuvant; SN FNAC, sentinel node biopsy following

neoadjuvant chemotherapy.

*Sentinel lymph node metastases of any size, including isolated tumor cells (< 0.2 mm), were considered positive.
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randomized to axillary dissection or conservative manage-
ment. This study will provide important information on
clinical outcome. Another study goes even further. Following
systemic treatment, sentinel lymph node positive (ypN + )
patients are randomized to axillary dissection or radiother-
::lpy.37 There are also studies being conducted to eliminate
surgery to the breast and axilla.>® The Italian study sentinel
node vs observation after axillary ultrasound (SOUND) will
evaluate the omission of surgery in the axilla in the treat-
ment of breast cancer.® Finally, breast surgery is being
tested in women whose clinical response after chemothera-
py was excellent.*’ After systemic treatment, evaluation
including imaging and vacuum-assisted biopsy will be per-
formed in the future to select patients for possible radio-
therapy alone, without surgery.

Conclusion

Surgical techniques have advanced from radical to conserva-
tive surgeries, thus reducing sequelae, while adjuvant and
neoadjuvant therapies have contributed toward controlling
the disease, both distant metastases and local recurrence.
Future breast cancer therapy may progress further until
surgery to the breast and axilla is completely eliminated.

Contributions

All authors contributed equally in the conception and design,
data collection, and interpretation of data. All were involved in
writing the manuscript and critically reviewed its intellectual
content. The final version to be published was approved by all
authors.

Conflicts of Interests

Cavalcante F. P. has received honoraria as a member of the
scientific advisory boards of Roche and Pfizer and has
been an invited speaker at scientific meetings for Roche,
Pfizer, and Gencell Pharma. Millen E. C. has been an
invited speaker for Roche, Gencell Pharma, and Bard.
Zerwes F. P. has been an invited speaker for Roche and
Gencell Pharma. Novita G. G. has been an invited speaker
for Roche.

References

1 Halsted WS. The results of radical operations for the cure of
carcinoma of the breast. Ann Surg. 1907;46(01):1-19. Doi:
10.1097/00000658-190707000-00001

Crile G Jr. The smaller the cancer, the bigger the operation?
Rationale of small operations for small tumors and large oper-
ations for large tumors. JAMA. 1967;199(10):736-738. Doi:
10.1001/jama.199.10.736

Fisher B, Jeong JH, Anderson S, Bryant ], Fisher ER, Wolmark N.
Twenty-five-year follow-up of a randomized trial comparing
radical mastectomy, total mastectomy, and total mastectomy
followed by irradiation. N Engl ] Med. 2002;347(08):567-575.
Doi: 10.1056/NEJM0a020128

Keynes G. The place of radium in the treatment of cancer of the
breast. Ann Surg. 1937;106(04):619-630. Doi: 10.1097/00000658-
193710000-00012

N

w

N

w

[e)]

~

[}

=)

—_
-

Cavalcante et al.

Fisher B, Anderson S, Bryant ], Margolese RG, Deutsch M, Fisher
ER, et al. Twenty-year follow-up of a randomized trial comparing
total mastectomy, lumpectomy, and lumpectomy plus irradiation
for the treatment of invasive breast cancer. N Engl ] Med. 2002;
347(16):1233-1241. Doi: 10.1056/NE]JM0a022152

Veronesi U, Cascinelli N, Mariani L, Greco M, Saccozzi R, Luini A,
et al. Twenty-year follow-up of a randomized study comparing
breast-conserving surgery with radical mastectomy for early
breast cancer. N Engl J] Med. 2002;347(16):1227-1232. Doi:
10.1056/NEJMo0a020989

van Dongen JA, Voogd AC, Fentiman IS, Legrand C, Sylvester R}, Tong
D, et al. Long-term results of a randomized trial comparing breast-
conserving therapy with mastectomy: European Organization for
Research and Treatment of Cancer 10801 trial. ] Natl Cancer Inst.
2000;92(14):1143-1150. Doi: 10.1093/jnci/92.14.1143

Poggi MM, Danforth DN, Sciuto LC, Smith SL, Steinberg SM,
Liewehr D], et al. Eighteen-year results in the treatment of early
breast carcinoma with mastectomy versus breast conservation
therapy: the National Cancer Institute Randomized Trial. Cancer.
2003;98(04):697-702. Doi: 10.1002/cncr.11580

Blichert-Toft M, Rose C, Andersen JA, Overgaard M, Axelsson CK,
Andersen KW, et al; Danish Breast Cancer Cooperative Group.
Danish randomized trial comparing breast conservation therapy
with mastectomy: six years of life-table analysis. ] Natl Cancer
Inst Monogr. 1992;(11):19-25

Arriagada R, Lé MG, Rochard F, Contesso G; Institut Gustave-
Roussy Breast Cancer Group. Conservative treatment versus
mastectomy in early breast cancer: patterns of failure with
15 years of follow-up data. J Clin Oncol. 1996;14(05):1558-
-1564. Doi: 10.1200/]C0.1996.14.5.1558

Fisher B, Dignam ], Bryant ], DeCillis A, Wickerham DL, Wolmark
N, et al. Five versus more than five years of tamoxifen therapy for
breast cancer patients with negative lymph nodes and estrogen
receptor-positive tumors. ] Natl Cancer Inst. 1996;88(21):1529-
-1542. Doi: 10.1093/jnci/88.21.1529

Fisher B, Dignam ], Mamounas EP, Costantino JP, Wickerham DL,
Redmond C, et al. Sequential methotrexate and fluorouracil for
the treatment of node-negative breast cancer patients with
estrogen receptor-negative tumors: eight-year results from Na-
tional Surgical Adjuvant Breast and Bowel Project (NSABP) B-13
and first report of findings from NSABP B-19 comparing metho-
trexate and fluorouracil with conventional cyclophosphamide,
methotrexate, and fluorouracil. ] Clin Oncol. 1996;14(07):1982-
-1992. Doi: 10.1200/]C0.1996.14.7.1982

Moran MS, Schnitt SJ, Giuliano AE, Harris JR, Khan SA, Horton J,
et al. Society of Surgical Oncology-American Society for Radiation
Oncology consensus guideline on margins for breast-conserving
surgery with whole-breast irradiation in stages I and II invasive
breast cancer. Int ] Radiat Oncol Biol Phys. 2014;88(03):553-564.
Doi: 10.1016/j.ijrobp.2013.11.012

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Long-
term outcomes for neoadjuvant versus adjuvant chemotherapy in
early breast cancer: meta-analysis of individual patient data from
ten randomised trials. Lancet Oncol. 2018;19(01):27-39. Doi:
10.1016/S1470-2045(17)30777-5

Lanitis S, Tekkis PP, Sgourakis G, Dimopoulos N, Al Mufti R,
Hadjiminas DJ. Comparison of skin-sparing mastectomy versus
non-skin-sparing mastectomy for breast cancer: a meta-analysis
of observational studies. Ann Surg. 2010;251(04):632-639. Doi:
10.1097/SLA.0b013e3181d35bf8

Galimberti V, Morigi C, Bagnardi V, Corso G, Vicini E, Fontana SKR,
et al. Oncological outcomes of nipple-sparing mastectomy: a
single-center experience of 1989 patients. Ann Surg Oncol.
2018;25(13):3849-3857. Doi: 10.1245/s10434-018-6759-0
Cavalcante FP, Lima MVA. Nipple-sparing mastectomy with peri-
areolar incision and two-stage reconstruction: Initial analysis of
31 cases. Breast . 2018;24(06):940-943. Doi: 10.1111/tbj.13114

Rev Bras Ginecol Obstet Vol. 42 No. 6/2020

363



364

Progress in Local Treatment of Breast Cancer

18 Darby S, McGale P, Correa C, Taylor C, Arriagada L, Clarke M, et al;

2

2

2

2

2

2

2

2

2

Rev Bras Ginecol Obstet

=]

o

N

w

4

wv

6

~

o

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Effect of
radiotherapy after breast-conserving surgery on 10-year recurrence
and 15-year breast cancer death: meta-analysis of individual patient
data for 10,801 women in 17 randomised trials. Lancet. 2011;378
(9804):1707-1716. Doi: 10.1016/S0140-6736(11)61629-2
Haviland JS, Owen JR, Dewar JA, Agrawal RK, Barrett |, Barrett-Lee
PJ, et al; START Trialists’ Group. The UK Standardisation of Breast
Radiotherapy (START) trials of radiotherapy hypofractionation for
treatment of early breast cancer: 10-year follow-up results of two
randomised controlled trials. Lancet Oncol. 2013;14(11):1086-
-1094. Doi: 10.1016/S1470-2045(13)70386-3

Hughes KS, Schnaper LA, Bellon JR, Cirrincione CT, Berry DA,
McCormick B, et al. Lumpectomy plus tamoxifen with or without
irradiation in women age 70 years or older with early breast
cancer: long-term follow-up of CALGB 9343. ] Clin Oncol. 2013;31
(19):2382-2387. Doi: 10.1200/]JC0.2012.45.2615

Kunkler [H, Williams LJ, Jack WJL, Cameron DA, Dixon JM; PRIME II
investigators. Breast-conserving surgery with or without irradia-
tion in women aged 65 years or older with early breast cancer
(PRIME II): a randomised controlled trial. Lancet Oncol. 2015;16
(03):266-273. Doi: 10.1016/S1470-2045(14)71221-5

McGale P, Taylor C, Correa C, Cutter D, Duane F, Ewertz M, et al;
EBCTCG (Early Breast Cancer Trialists’ Collaborative Group). Effect
of radiotherapy after mastectomy and axillary surgery on 10-year
recurrence and 20-year breast cancer mortality: meta-analysis of
individual patient data for 8135 women in 22 randomised trials.
Lancet. 2014;383(9935):2127-2135. Doi: 10.1016/S0140-6736
(14)60488-8

Verma V, Beriwal S. Internal mammary node radiation in light of the
EORTC22922 and MA.20 Trials - What have we really learned? JAMA
Oncol. 2016;2(08):992-993. Doi: 10.1001/jamaoncol.2015.5810
Krag DN, Anderson SJ, Julian TB, Brown AM, Harlow SP, Costantino
JP, et al. Sentinel-lymph-node resection compared with conven-
tional 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. 2010;11(10):
927-933. Doi: 10.1016/S1470-2045(10)70207-2

Giuliano AE, McCall L, Beitsch P, Whitworth PW, Blumencranz P,
Leitch AM, 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.
2010;252(03):426-432, discussion 432-433. Doi: 10.1097/
SLA.0b013e3181f08f32

Donker M, van Tienhoven G, Straver ME, Meijnen P, van de Velde
CJ, Mansel RE, et al. Radiotherapy or surgery of the axilla after a
positive sentinel node in breast cancer (EORTC 10981-22023
AMAROS): a randomised, multicentre, open-label, phase 3 non-
inferiority trial. Lancet Oncol. 2014;15(12):1303-1310. Doi:
10.1016/S1470-2045(14)70460-7

Savolt A, Musonda P, Matrai Z, Polgar C, Rényi-Vamos F, Rubovszky
G, et al. [Optimal treatment of the axilla after positive sentinel
lymph node biopsy in early invasive breast cancer. Early results of
the OTOASOR trial]. Orv Hetil. 2013;154(49):1934-1942. Doi:
10.1556/0H.2013.29765

Galimberti V, Cole BF, Zurrida S, Viale G, Luini A, Veronesi P, et al;
International Breast Cancer Study Group Trial 23-01 investigators.
Axillary dissection versus no axillary dissection in patients with
sentinel-node micrometastases (IBCSG 23-01): a phase 3 ran-

Vol. 42 No. 6/2020

29

30

31

32

33

34

35

36

37

38

39

40

Cavalcante et al.

domised controlled trial. Lancet Oncol. 2013;14(04):297-305.
Doi: 10.1016/S1470-2045(13)70035-4

Sola M, Alberro JA, Fraile M, Santesteban P, Ramos M, Fabregas R,
et al. Complete axillary lymph node dissection versus clinical
follow-up in breast cancer patients with sentinel node micro-
metastasis: final results from the multicenter clinical trial AATRM
048/13/2000. Ann Surg Oncol. 2013;20(01):120-127. Doi:
10.1245/s10434-012-2569-y

Boughey JC, Suman V], Mittendorf EA, Ahrendt GM, Wilke LG,
Taback B, et al; Alliance for Clinical Trials in Oncology. Sentinel
lymph node surgery after neoadjuvant chemotherapy in patients
with node-positive breast cancer: the ACOSOG Z1071 (Alliance)
clinical trial. JAMA. 2013;310(14):1455-1461. Doi: 10.1001/
jama.2013.278932

Kuehn T, Bauerfeind I, Fehm T, Fleige B, Hausschild M, Helms G,
et al. Sentinel-lymph-node biopsy in patients with breast cancer
before and after neoadjuvant chemotherapy (SENTINA): a pro-
spective, multicentre cohort study. Lancet Oncol. 2013;14(07):
609-618. Doi: 10.1016/S1470-2045(13)70166-9

Boileau JF, Poirier B, Basik M, Holloway CM, Gaboury L, Sideris L,
et al. Sentinel node biopsy after neoadjuvant chemotherapy in
biopsy-proven node-positive breast cancer: the SN FNAC study. ]
Clin Oncol. 2015;33(03):258-264. Doi: 10.1200/JC0.2014.55.7827
Galimberti V, Ribeiro Fontana SK, Maisonneuve P, Steccanella F,
Vento AR, Intra M, et al. Sentinel node biopsy after neoadjuvant
treatment in breast cancer: Five-year follow-up of patients with
clinically node-negative or node-positive disease before treat-
ment. Eur | Surg Oncol. 2016;42(03):361-368. Doi: 10.1016/j.
€js0.2015.11.019

Masuda N, Lee SJ, Ohtani S, Im YH, Lee ES, Yokota I, et al. Adjuvant
capecitabine for breast cancer after preoperative chemotherapy.
N Engl ] Med. 2017;376(22):2147-2159. Doi: 10.1056/
NEJMoa1612645

von Minckwitz G, Huang CS, Mano MS, Loibl S, Mamounas EP,
Untch M, et al; KATHERINE Investigators. Trastuzumab emtansine
for residual invasive HER2-positive breast cancer. N Engl ] Med.
2019;380(07):617-628. Doi: 10.1056/NEJMo0a1814017
Wolmark N. Standard or comprehensive radiation therapy in treat-
ing patients with early-stage breast cancer previously treated with
chemotherapy and surgery [Internet]. 2019 Aug 26 [cited 2019 Sep
10]. Available from: https://clinicaltrials.gov/ct2/show/NCT0187
2975

Boughey J. Comparison of axillary lymph node dissection with axillary
radiation for patients with node-positive breast cancer treated with
chemotherapy [Internet]. 2019 Aug 6 [cited 2019 Sep 10]. Available
from: https://clinicaltrials.gov/ct2/show/NCT01901094

Ollila DW, HwangES, Brenin DR, Kuerer HM, Yao K, Feldman S. The
changing paradigms for breast cancer surgery: performing fewer
and less-invasive operations. Ann Surg Oncol. 2018;25(10):
2807-2812. Doi: 10.1245/s10434-018-6618-z

Gentilini O, Veronesi U. Abandoning sentinel lymph node biopsy
in early breast cancer? A new trial in progress at the European
Institute of Oncology of Milan (SOUND: Sentinel node vs Obser-
vation after axillary UltraSouND). Breast. 2012;21(05):678-681.
Doi: 10.1016/j.breast.2012.06.013

Rauch GM, Kuerer HM, Adrada B, Santiago L, Moseley T, Cande-
laria RP, et al. Biopsy feasibility trial for breast cancer pathologic
complete response detection after neoadjuvant chemotherapy:
imaging assessment and correlation endpoints. Ann Surg Oncol.
2018;25(07):1953-1960. Doi: 10.1245/s10434-018-6481-y


https://clinicaltrials.gov/ct2/show/NCT01872975
https://clinicaltrials.gov/ct2/show/NCT01872975
https://clinicaltrials.gov/ct2/show/NCT01901094

