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a b s t r a c t

Introduction: In last 20 years, lymph node staging procedures in breast cancer have been

modified. The objective of this study is to describe the evolution of these procedures at our

hospital.

Methods: A prospective observational study that included women with breast cancer who

were treated surgically between 2001 and 2017. Four groups were identified according to the

therapeutic regimen and 3 study periods defined by the lymph node dissection.

Results: 1319 patients met the inclusion criteria. Primary conservative surgery was the most

frequent therapy (54.13%), and 615 (46.62%) axillary lymph node dissections (ALND) were

performed in the 20-year study period. The percentage of ALND decreased progressively

over time, going from 91% in the first period to 34% in the last period. The futile ALND fell to

6.6% in the last year. In the primary conservative surgery, no futile ALND was performed in

the last two years.

Conclusion: The introduction of sentinel lymph node biopsy and the ACOSOG Z0011 criteria

have modified the indication for ALND. Thus, ALND without involvement have been

reduced, thereby avoiding the associated morbidity. The study demonstrates the progres-

sive decrease in the indication of lymphadenectomy in the different study groups, similar to

reports by other authors. Several clinical trials have described that these changes have not

negatively impacted survival.
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229.
* Corresponding author.

E-mail address: mag_1406@hotmail.com (A. Garcı́a-Novoa).

CIRUGÍA ESPAÑOLA

www.elsevier.es/cirugia

2173-5077/ # 2019 AEC. Published by Elsevier España, S.L.U. All rights reserved.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.cireng.2019.03.018&domain=pdf
http://dx.doi.org/10.1016/j.cireng.2019.03.018
http://dx.doi.org/10.1016/j.cireng.2019.03.018
mailto:mag_1406@hotmail.com
http://www.elsevier.es/cirugia


Introduction

Breast cancer is the most frequent malignant tumor in

women. Its incidence seems to be increasing in developed

countries, where the risk of developing breast cancer during a

woman’s lifetime is 12% (one in 8 women).1,2 It is the first

cause of cancer death in women worldwide; however, early

diagnosis and advances in treatment have reduced mortality

from this cause.3

In recent decades, the treatment of breast cancer has

evolved and requires a multidisciplinary perspective that

provides adequate systemic control of the disease, a conser-

vative surgical approach and a greater concern for the

satisfaction and quality of life of these women. In this context,

staging procedures and axillary treatment have also been

modified, and the systematic indication of axillary lymph node

dissection (ALND) has been replaced by an easily reproducible

procedure with lower morbidity: sentinel lymph node biopsy

(SLNB). Several clinical trials have analyzed the feasibility of

this technique for lymph node staging and reported a

sensitivity greater than 88%, a specificity of 100% and a false

negative (FN) rate of less than 10%.4–8

Recently, the published results from the ACOSOG Z0011

clinical trial9,10 have demonstrated similar overall and

disease-free survival in a select group of patients with

metastatic involvement of the sentinel lymph node (SLN)

without ALND. These findings have been corroborated by

other studies11–13 and have modified routine clinical practice

by omitting lymph node dissection in a large number of

patients with metastatic involvement in the axilla.

The aim of this study is to describe the evolution of staging

procedures and axillary treatment in the last 20 years at our

hospital and the main factors that have led to these changes.

Methods

A prospective, observational study of patients with invasive

breast cancer treated surgically between January 1, 1998 and

December 31, 2017. Patients excluded from the study were:

men, patients diagnosed with carcinoma in situ, recurrences in

the same breast or with distant metastasis at diagnosis, as

well as patients without axillary staging or with an unknown

radiotherapy or chemotherapy regimen.

Statistical Analysis

The evolution of surgical procedures for lymph node staging

was analyzed, determining the annual percentage of ALND

and futile ALND. The term ‘futile ALND’ was used for ALND in

which no metastatic involvement of axillary fat was found.

IBM SPSS Statistics 22.0 and Microsoft Excel version 16.0

programs were used for data collection and statistical

analysis.

Four study groups were established according to the

treatment regimen used: (1) primary breast-conserving sur-

gery; (2) primary mastectomy; (3) breast-conserving surgery

El declive de la linfadenectomı́a axilar en el cáncer de mama. Evolución de
su indicación durante los últimos 20 años
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Biopsia de ganglio centinela

r e s u m e n

Introducción: En los ú ltimos 20 años los procedimientos de estadificación ganglionar en el

cáncer de mama se han modificado. El objetivo de este estudio es describir la evolución de

estos procedimientos en nuestro centro.

Métodos: Estudio prospectivo observacional que incluye a las mujeres con cáncer de mama

intervenidas entre el 2001 y el 2017. Se identificaron 4 grupos segú n el esquema terapéutico

utilizado y 3 periodos a estudio definidos por las indicaciones de la linfadenectomı́a.

Resultados: Mil trescientos diecinueve pacientes cumplieron los criterios de inclusión. La

cirugı́a conservadora primaria fue el esquema terapéutico más frecuente (54,13%) y se

realizaron 615 linfadenectomı́as axilares (46,62%) durante los 20 años estudiados. El por-

centaje de linfadenectomı́as axilares disminuyó progresivamente en el tiempo, pasando del

91% en el primer periodo al 34% en el ú ltimo periodo. Las linfadenectomı́as axilares fú tiles

descendieron al 6,6% en el ú ltimo año. En la cirugı́a conservadora primaria no se realizó

ninguna linfadenectomı́a axilar fú til los 2 ú ltimos años.

Conclusión: La introducción de la biopsia de ganglio centinela en 2001 y de los criterios

ACOSOG Z0011 han modificado la indicación de la linfadenectomı́a axilar. Ası́, se han

disminuido las linfadenectomı́as axilares sin afectación, evitando la morbilidad que asocia

este procedimiento, especialmente linfedema. El estudio refleja el descenso progresivo de la

indicación de la linfadenectomı́a en los diferentes grupos a estudio, similar a lo expuesto por

otros autores. En diversos ensayos clı́nicos se ha descrito que estos cambios no han

impactado negativamente en supervivencia.
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after neoadjuvant surgery; and (4) mastectomy after neoadju-

vant treatment. Three study periods were established accor-

ding to the lymph node staging method used. The ‘pre-SLNB

period’, comprised from the beginning of the study until the

introduction of SLNB. In primary surgery, SLNB was used

starting mid-2001, and then in the primary systemic treatment

groups in 2005. The ‘SLNB period’ extends from the intro-

duction of SLNB up to the application of the ACOSOG Z0011

criteria at our hospital. As of 2012, in patients with primary

systemic treatment, SLNB was performed once chemotherapy

was completed. The last period (‘post-Z0011’) began with the

introduction of Z0011 criteria in February 2010. The IBCSG 23-

01 and modified ACOSOG Z0011 criteria (patients with breast-

conserving surgery after neoadjuvant therapy) were introdu-

ced in March 2012 and April 2013, respectively.

Surgical method. The decision of the type of breast surgery

was agreed upon in the multidisciplinary committee of the

unit, following the criteria for oncological resection valid in

each period. For the identification of the SLN, technetium 99

and/or patent blue dye were used as tracers. The SLN was

defined as the node with an isotopic count 10 times higher

than the baseline and/or colored blue or with a bluish

lymphatic duct.

Pathological study. The ALND study was performed with

inclusion in paraffin and subsequent hematoxylin–eosin

staining. A single cut was made to each node, studying both

sides. The SLN study was initially performed by freeze-cutting

and, since January 2011, with the One-Step Nucleic Acid

Amplification (OSNA) method, except for patients with CK19

negative tumors and women treated with neoadjuvant

therapy.

Adjuvant therapy. The adjuvant treatment plan was in

accordance with the unit protocol for the management of

breast cancer patients, based on international clinical guide-

lines14,15 and the immunohistochemical findings in the tumor

tissue. Irradiation of the lymph node chains was carried out in

patients with extracapsular lymph node involvement and

with more than 3 affected axillary lymph nodes. Patients with

involvement of 1–3 lymph nodes were assessed individually by

the radiation committee.

Results

A total of 1649 patients were operated on during the study

period, 1319 of which met the inclusion criteria while 313 were

excluded (169 benign pathologies, 100 carcinomas in situ, 27

distant metastases at the time of diagnosis, 25 phyllodes/

sarcomas and 9 men). Primary breast-conserving surgery was

the most frequent therapeutic scheme (54.13%), followed by

primary mastectomy (25.62%). Surgery after primary systemic

treatment increased progressively over time, representing

26% of the interventions in 2017 (Fig. 1).

Clinicopathological characteristics. Table 1 shows the clinical

and pathological characteristics of the patients. Mean patient

age was 56.7 years, and the women with neoadjuvant

chemotherapy were significantly younger. The most common

form of presentation in all groups was a palpable mass,

representing more than 80% in the groups with neoadjuvant

chemotherapy. No differences were observed in the

histological type according to the groups. In group 1, the

most frequent molecular subtype was luminal A (38.5%),

unlike the other groups with a predominance of luminal

subtype B (Her2 negative). In the breast-conserving surgery

groups, smaller tumor sizes were observed (P<.001), while the

groups with neoadjuvant chemotherapy had a higher percen-

tage of lymph node involvement (P<.001).

Axillary lymphadenectomy. Table 2 shows the number and

percentage of ALND and futile ALND in the 3 periods. A total of

615 ALND (46.62%) were performed during the 20 years of

study with differences between the groups: 29.55% in group 1;

69.8% in primary mastectomy; 65.14% in group 3 and 83.7% in

mastectomy after neoadjuvant therapy The percentage of

ALND decreased progressively over time, from 91% in the first

period to 34% after the introduction of the ACOSOG Z0011

criteria (Fig. 2). Two factors marked the decline of ALND. First,

with the introduction of the SLNB in mid-2001, ALND

decreased by 50% per year. The second factor was the

introduction of the Z0011 criteria, which reduced ALND to

25.6% in 2017. Group 1 showed the greatest decrease in the

ALND performed (4% in 2017) (Figs. 3–6).

Futile axillary lymph node dissection. The number of futile

ALND dropped from 50% in the initial period to 12.8% in the

last period. In 2017, only 6.6% of futile ALND were performed.

This decrease was more evident in group 1; in fact, in the last 2

years no futile ALND were performed in this group. In groups 2

and 3, there was also evidence of a decrease in the futile ALND

curve, reaching 10% and 14.3%, respectively, in 2017 (Figs. 4

and 5). Group 4 presented the highest percentage of futile

ALND (27.3%). In this group, ALND was not omitted with

metastatic SLN. The introduction of the ACOSOG Z0011

criteria led to an increase in omitted ALND with metastatic

SLN in all groups, which was especially notable in the breast-

conserving surgery groups (Figs. 3 and 5).

Discussion

The treatment of women with breast cancer has evolved over

the last 2 decades, foregoing the need for radical surgery in the

majority of patients. Three facts have led to this change. First,

the paradigm of systemic disease proposed by Fisher,16,17

which minimizes the importance of locoregional treatment.

Second, the introduction of mammography and early detec-

tion programs, which increased the number of patients with

early breast disease.18,19 Finally, the description of Perou
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et al.20 of the different tumor subtypes, which means that

specific treatments can be chosen according to the biological

characteristics of the tumor.

Nevertheless, lymph node involvement continues to be the

most important prognostic factor in breast cancer, and lymph

node staging is an essential element for planning therapeutic

regimens. Initially, lymph node staging was done by clinical

examination. However, physical examination is not very

sensitive and is non-specific, with FN rates above 40%.21,22

Therefore, ALND became the standard axillary staging

procedure, capable of providing adequate regional control of

the disease. The dilemma is that ALND has a high morbidity

(lymphedema and neuralgia) so it is necessary to determine

which patients would benefit from this procedure in terms of

survival. In this context, SLNB has emerged as an accessible

technique that is easily reproducible, while offering great

sensitivity and specificity, yet lower morbidity.4–8 The intro-

duction of SLNB at our hospital has been divided into 2 periods.

In the first period, corresponding to the Halsted era, ALND was

performed in all women with breast cancer, obtaining more

than 50% futile ALND. These data are similar to reports by

other authors, who described more than 60% of ALND without

metastatic involvement. Thus, Fisher et al.23 reported 62% of

patients with ALND with no lymph node involvement and

Louis-Sylvestre et al.24 reported 79%. Similarly, Martelli et al.25

and Rudenstam et al.26 determined lymph node metastasis in

23% and 28% of patients, respectively. These data show an

overtreatment of the axilla in more than half of the patients

who underwent breast cancer surgery.

The second period began in 2001 with the introduction of

SLNB at our hospital, which reduced the indication of ALND to

below 60% and the futile ALND rate to 21% in 2002. This

phenomenon was particularly evident in patients with

primary breast-conserving surgery (group 1). The progressive

introduction of SLNB in the different treatment groups

reduced futile ALND in all groups, but SLNB also created a

problem: the possibility of FN. To reduce the FN rate, a

thorough study of the SLN was done (serial sectioning,

immunohistochemistry or OSNA method). However, thorough

study of the SLN increased the diagnosis of small tumor foci

that would have gone unnoticed in most ALND in the period

prior to SLNB.27 The detection of these tumor foci even

Table 1 – Clinical and Anatomical Pathology Characteristics.

Variable Total Group 1 Group 2 Group 3 Group 4 P

N=1319 N=714 N=338 N=175 N=92

Age (yrs) 56.7�13.5 58.6�11.9 58.2�15.6 50.1�11.7 47.8�12.9 <.001

Menstrual state <.001

Premenopausal 525 (39.8%) 216 (30.3%) 141 (41.7%) 98 (56%) 70 (76.1%)

Postmenopausal 794 (60.2%) 498 (69.7%) 197 (58.3%) 77 (44%) 22 (23.9%)

Clinical presentation <.001

Mammography 447 (33.9%) 333 (46.6%) 94 (27.8%) 15 (8.6%) 5 (5.4%)

Palpable mass 809 (61.3%) 360 (50.4%) 224 (66.3%) 150 (85.7%) 75 (81.5%)

Other 63 (4.8%) 21 (2.9%) 20 (5.9%) 10 (5.7%) 12 (13.0%)

Histologic type –

IDC 1130 (85.7%) 610 (85.4%) 275 (81.4%) 161 (92.0%) 84 (91.3%)

ILC 129 (9.8%) 60 (8.4%) 50 (14.8%) 11 (6.3%) 8 (8.7%)

Other 60 (4.5%) 44 (6.2%) 13 (3.8%) 3 (1.7%) 0 (0%)

Tumor size (cm) 1.93�1.71 1.60�0.89 2.75�2.09 0.94�1.16 3.31�3.31 <.001

Tumor size <.001

T1mic 29 (2.2%) 21 (2.9%) 6 (1.8%) 1 (0.6%) 1 (1.1%)

T1 794 (60.2%) 538 (75.4%) 141 (41.7%) 92 (52.6%) 23 (25%)

T2 357 (27.1%) 147 (20.6%) 156 (46.2%) 26 (14.9%) 28 (30.4%)

T3 45 (3.4%) 1 (0.1%) 29 (8.6%) 0 (0%) 15 (16.3%)

T4 14 (1.1%) 0 (0%) 6 (1.8%) 0 (0%) 8 (8.7%)

Tx 80 (6.1%) 7 (1%) 0 (0%) 56 (32.0%) 17 (18.5%)

Resected lymph nodes 9.49�8.74 6.97�8.28 13.09�9.0 11.2�7.66 12.8�6.00 <.001

Affected lymph nodes 1.78�4.29 1.05�2.91 3.13�6.12 1.57�3.7 2.99�4.63 <.001

Affected lymph nodes <.001

N0 751 (56.9%) 467 (65.4%) 154 (45.6%) 95 (54.3%) 35 (38.0%)

N1 392 (29.7%) 197 (27.6%) 101 (29.9%) 58 (33.1%) 36 (39.1%)

N2 114 (8.6%) 34 (4.8%) 49 (14.5%) 17 (9.7%) 14 (15.2%)

N3 62 (4.7%) 16 (2.2%) 34 (10.1%) 5 (2.6%) 7 (7.6%)

Molecular profile <.001

Luminal A 400 (30.3%) 275 (38.5%) 90 (26.6%) 20 (11.4%) 15 (16.3%)

Luminal B Her2� 364 (27.6%) 182 (25.5%) 96 (28.4%) 58 (33.1%) 28 (30.4%)

Luminal B Her2+ 143 (10.8%) 64 (8.9%) 39 (11.5%) 27 (15.4%) 13 (14.1%)

Her2+ 93 (7.1%) 29 (4.1%) 32 (9.5%) 19 (10.9%) 13 (14.1%)

Triple negative 149 (11.3%) 64 (8.9%) 20 (5.9%) 48 (27.4%) 17 (18.5%)

Not valid 170 (12.9%) 100 (14%) 61 (18%) 3 (1.7%) 6 (6.5%)
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modified the TNM nomenclature, where metastatic nests

smaller than 0.2 mm or those with a cell count less than 250 in

the molecular study are now defined as isolated tumor cells.

Micrometastases are tumor deposits between 0.2 mm and

2 mm at their largest dimension or a count of 250–5000 cell

copies in the OSNA.

Several studies28,29 have described that the incidence of

residual axillary disease in patients with isolated tumor cells

and micrometastases in the SLN is less than 11% and 16%,

respectively; the survival of these patients is similar to those

without lymph node involvement.30–33 In addition, most

authors report only 1.5%–6% of patients with more than 3

metastatic nodes (pN2) if the SLN presented micrometasta-

sis.27–29 This implies that less than 15% of patients with

micrometastases will have residual disease in the axilla and

that about 5% of patients will modify their lymph node stage

and perhaps the indication of their adjuvant treatments (nodal

irradiation).34,35 Three clinical trials9–13 have studied the

repercussions of omitting ALND in patients with SLN

metastasis. The first, ACOSOG Z0011,9,10 randomized women

Table 2 – Number and Percentage of Patients With
Axillary Lymph Node Dissection per Year.

Pre-SLNB SLNB Post-Z0011

1998–2001 2002–2009 2010–2017

N=139 N=495 N=685

N and % of patients

Group1 79 (56.8%) 293 (59.2%) 342 (49.9%)

Group 2 55 (39.6%) 115 (23.2%) 168 (24.5%)

Group 3 0 (0%) 56 (11.3%) 119 (17.4%)

Group 4 5 (3.6%) 31 (6.3%) 56 (8.2%)

ALND total 127 (91.4%) 253 (51.1%) 235 (34.3%)

Group 1 70 (88.6%) 91 (31.1%) 50 (14.6%)

Group 2 52 (94.6%) 84 (73.0%) 100 (59.5%)

Group 3 0 (0%) 50 (89.3%) 64 (53.8%)

Group 4 5 (100%) 28 (90.3%) 44 (78.6%)

Total futile ALND 64 (50.4%) 129 (26.1%) 88 (12.8%)

Group1 38 (48.1%) 44 (15.0%) 22 (6.4%)

Group 2 26 (47.3%) 42 (36.5%) 33 (19.6%)

Group 3 0 (0%) 32 (57.1%) 43 (36.1%)

Group 4 0 (0%) 11 (35.5%) 15 (26.8%)

No ALND SLN+ total 2 (1.4%) 2 (0.4%) 120 (17.5%)

Group1 2 (2.5%) 1 (0.3%) 90 (26.3%)

Group 2 0 (0%) 1 (1.8%) 12 (7.1%)

Group 3 0 (0%) 0 (0%) 18 (15.1%)

Group 4 0 (0%) 0 (0%) 0 (0%)

SLNB: sentinel lymph node biopsy; SLN: sentinel lymph node;

ALND: axillary lymph node dissection.

0%

20%

40%

60%

80%

100%

120%

P
e

rc
e

n
ta

g
e

 o
f 

p
a

ti
e

n
ts

 

Evolution of axillary procedures 

ALND

No ALND SLN+

ALND without involvement

SLNB Z0011

19
98

19
99

20
00

20
02

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
01

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11
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lymph node dissections, and positive sentinel lymph

nodes without axillary lymph node dissection by per year.
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lymph node dissection without axillary lymph node
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with invasive breast cancer (less than 5 cm) and metastatic

involvement (up to 2 SLN) to either ALND or observation after

breast-conserving surgery and radiotherapy. Follow-up stu-

dies after 5 and 10 years9,10 have shown no statistically

significant differences in locoregional recurrence, disease-free

survival or overall survival, despite 27% residual axillary

disease detected in the ALND group. Subsequently, the trials

by Galimberti et al.11,12 and de Solá et al.13 have demonstrated

similar results to the ACOSOG Z0011 in patients with

micrometastatic involvement of the axilla. The findings of

these 3 clinical trials (ACOSOG Z0011, IBCSG 23-01 and ATTRM)

have modified the algorithm for axillary treatment in clinical

guidelines worldwide.14,15

In our study, the application of the ACOSOG Z0011 criteria

marked the beginning of the third period, during which ALND

were reduced to 34% and futile ALND to less than 6.6% of

patients operated on in 2017. This was particularly evident in

the group with primary breast-conserving surgery, in whom

no futile ALND was performed in the last 2 years. In patients

with breast-conserving surgery after neoadjuvant chemothe-

rapy, the reduction in ALND and futile ALND was delayed, due

to 2 events. First, performing SLNB after chemotherapy

starting in 2012, which allowed for the rescue of patients

with lymph node response to systemic chemotherapy.

Second, and to a lesser extent, to the omission of ALND in

patients with micrometastasis of the SLN in the last 4 years.

The safety of observation without ALND in this group of

patients has not been assessed, and in the literature there is no

evidence to support our therapeutic strategy. The results in

this period are similar to reports in the literature. Caretta-

Weyer et al.36 calculated a possible reduction of 38% in ALND

in the population meeting Z0011 criteria. Caudle et al.37

analyzed the impact of the Z0011 criteria one year after their

implementation and demonstrated a decrease in ALND with

metastatic SLN from 85% to 24%. Joyce et al.38 conducted a

similar study and determined a 27% reduction in ALND.

Likewise, in a previous publication by our hospital,39 58% of

the patients with primary breast-conserving surgery and

metastatic SLN were rescued from ALND.

In conclusion, our study reflects the changes that have

occurred in the last 2 decades in the staging procedures and

axillary treatment of breast cancer. Evolution in breast cancer

treatment has decreased the indication of ALND, thereby

reducing the number of futile ALND. Women with primary

breast-conserving surgery gain the greatest benefit, since

futile ALND is no longer performed in this group. Presently,

several clinical trials are underway40–49 that will contribute to

making decisions about the indication of ALND in different

scenarios. Lymph node dissection should be limited to women

who will benefit from it in terms of overall survival, thus

reducing the morbidity associated with this technique

(lymphedema, neuralgia, paresthesia, etc.).
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2. Sociedad Española de Oncologı́a Médica (SEOM). La cifras del
cáncer en España. 2018. Available from: https://seom.org/
seomcms/images/stories/recursos/
Las_Cifras_del_cancer_en_Espana2018.pdf [accessed
16.12.18].

3. DeSantis CE, Ma J, Goding A, Newman LA, Jemal A. Breast
cancer statistics 2017, racial disparity in mortality by state.
CA Cancer J Clin. 2017;67:439–48.

4. Giuliano AE, Kirgan DM, Guenther JM, Morton DL. Lymphatic
mapping and sentinel lymphadenectomy for breast cancer.
Ann Surg. 1994;220:391–8.

5. Krag D, Weaver D, Ashikaga T, Moffat F, Klimberg S, Schriver
C, et al. The sentinel node in breast cancer: a multicenter
validation study. N Engl J Med. 1998;339:941–6. http://
dx.doi.org/10.1056/NEJM199810013391401.

6. Rubio IT, Korourian S, Cowan C, Krag DN, Colvert M,
Klimberg VS. Sentinel lymph node biopsy for staging breast
cancer. Am J Surg. 1998;176:532–7.

7. Acea B, Pais-Silva P, Uriarte-Uriarte I, Pradas C, Guitián-
Barreiro D, Candia Bouso B, et al. Biopsia del ganglio
centinela en enfermas con cáncer de mama. Resultados de
la fase de validación y efecto de la técnica de marcaje
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20. Perou CM, Sù rlie T, Eisen MB, van de Rijn M, Jeffreyk SS, Rees
CA, et al. Molecular portraits of human breast tumours.
Nature. 2000;46:747–52.

21. Sacre RA. Clinical evaluation of axillar lymph nodes
compared to surgical and pathological findings. Eur J Surg
Oncol. 1986;12:169–73.

22. Ptaszynski A, van den Bogaert W, van Glabbeke M, Pierat M,
Bartelink H, Horiot JC, et al. Patient population analysis in
EORTC Trial 22881/10882 on the role of a booster dose in
breast conserving therapy. Eur J Cancer. 1969;129:705–16.

23. Fisher B, Wolmark N, Redmond C, Deutsch M, Fisher ER.
Findings from NSABP Protocol NoB-04: comparison of
radical mastectomy with alternative treatments. II. The
clinical and biologic significance of medial-central breast
cancers. Cancer. 1981;48:1863–72.

24. Louis-Sylvestre C, Clough K, Asselain B, Vilcoq JR, Salmon RJ,
Campana F, et al. Axillary treatment in conservative
management of operable breast cancer: dissection or

radiotherapy? Results of a randomized study with 15 years
of follow-up. J Clin Oncol. 2004;22:97–101.

25. Martelli G, Boracchi P, de Palo M, Pilotti S, Oriana S, Zucali R,
et al. A randomized trial comparing axillary dissection to no
axillary dissection in older patients with T1N0 breast cancer:
results after 5 years of follow-up. Ann Surg. 2005;242:1–9.

26. International Breast Cancer Study Group, Rudenstam CM,
Zahrjeh D, Forbes JF, Crivellari D, Holmberg SB, et al.
Randomized trial comparing axillary clearance versus no
axillary clearance in older patients with breast cancer: First
results of International Breast Cancer Trial 10-93. J Clin
Oncol. 2006;24:337–44.

27. Langer I, Zuber M, Marti WR, Oertli D, Torhorst J, Harder F.
Upstaging of breast cancer patients with PT1 tumours by
detection of micrometastasis in sentinel lymph node biopsy
(SLND). Eur J Cancer. 2001;37:180.

28. Viale G, Maiorano E, Pruneri G, Mastropasqua MG, Valentini
S, Galimberti V, et al. Predicting the risk for additional
axillary metastases in patients with breast carcinoma and
positive sentinel lymph node biopsy. Ann Surg.
2005;241:319–25.

29. Perez EA, Romond EH, Suman VJ, Jeong JH, Sledge G, Geyer
CE, et al. Trastuzumab plus adjuvant chemotherapy for
human epidermal growth factor receptor 2-positive breast
cancer: planned joint analysis of overall survival from
NSABP B-31 and NCCTG N9831. J Clin Oncol. 2014;32:3744–
52.

30. Weaver DL, Ashikaga T, Krag DN, Skelly JM, Anderson SJ,
Harlow SP, et al. Effect of occult metastases on survival in
node-negative breast cancer. N Engl J Med. 2011;364:412–21.

31. Chu KU, Turner RR, Hansen NM, Brennan MB, Bilchik A,
Giuliano AE. Do all patients with sentinel node metastasis
from breast carcinoma need complete axillary node
dissection? Ann Surg. 1999;229:536–41.
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