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Abstract
Purpose Management of the axilla in patients with early-stage breast cancer (ESBC) has evolved. Recent trials support less 
extensive axillary surgery in patients undergoing mastectomy. We examine factors affecting regional lymph node (RLN) 
surgery and outcomes in patients with ESBC undergoing mastectomy.
Methods Women with clinical T1/2 N0 M0 invasive BC who underwent mastectomy with 1–2 positive nodes were selected 
from the National Cancer Database (2004–2015). Axillary surgery was defined by number of RLNs examined: 1–5 sentinel 
LN dissection (SLND), and ≥ 10 axillary LND (ALND). Binary logistic regression and survival analyses were performed 
to assess the association between axillary surgery and clinical characteristics, and overall survival (OS), respectively.
Results 34,243 patients were included: 13,821 SLND (40%) and 20,422 ALND (60%). SLND significantly increased from 
21% (2004) to 45% (2015) (p < .001). Independent factors associated with SLND were treatment year, non-Academic cent-
ers, geographic region, tumor histology, and postmastectomy radiotherapy (PMRT). Multivariable survival analysis showed 
that ALND was associated with better OS (HR 0.78, 95% CI 0.72–0.83, p < .001) relative to SLND; however, there was 
no difference in patients with LN micrometastases treated without RT (HR 0.87, 95% CI 0.73–1.05, p = .153) or patients 
receiving PMRT (HR 0.92, 95% CI 0.76–1.13, p = .433).
Conclusions SLND has significantly increased in patients undergoing mastectomy with limited axillary disease and is 
influenced by patient, tumor, and treatment factors. Survival outcomes did not differ by axillary treatment for patients with 
LN micrometastases treated without RT or patients who received PMRT. SLND may be considered in select patients with 
ESBC and limited axillary disease undergoing mastectomy.

Keywords Breast cancer · Axillary surgery · Mastectomy · National Cancer Database

Introduction

Management of the axilla in patients with early-stage breast 
cancer (ESBC) has evolved significantly over the last sev-
eral decades. This has been influenced by improvements in 
systemic and radiation therapy, a better understanding of 

BC subtypes and tumor biology, the introduction of senti-
nel lymph node dissection (SLND), and continued efforts 
to reduce the morbidity of axillary lymph node dissection 
(ALND). Overall, these advancements have resulted in a sig-
nificant decline in the use of ALND in patients with ESBC 
[1].

The American College of Surgeons Oncology Group 
(ACOSOG) Z0011 trial was practice changing in patients 
with ESBC undergoing breast-conserving therapy (BCT), 
and multiple studies confirm a significant decrease in the use 
of ALND in eligible patients after publication of this trial 
[2–4]. However, management of the axilla in patients with 
ESBC with limited ALN involvement undergoing mastec-
tomy has been more challenging.

Recent trials support less extensive axillary surgery and 
alternatives to ALND in patients with ESBC with limited 
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axillary disease undergoing mastectomy [5, 6]. In this study, 
we utilize a large patient cancer registry to examine changes 
in practice patterns of axillary surgery, factors influencing 
the number of regional lymph nodes (RLN) removed, and 
the impact of RLN surgery on outcomes in patients with 
ESBC with limited ALN metastasis undergoing mastectomy.

Materials and methods

Data source

The National Cancer Database (NCDB) Participant User 
File (PUF) for breast tumors 2004–2015 was reviewed. The 
NCDB is a nationwide hospital-based cancer registry spon-
sored by the American College of Surgeons Commission 
on Cancer and the American Cancer Society. The NCDB 
collects de-identified data on over 70% of newly diagnosed 
cancer cases, including patient demographics, clinical fac-
tors, treatment, and outcomes [7]. This study was reviewed 
as exempt by the local Institutional Review Board.

Patient selection

Female patients with clinical T1/2 N0 M0 invasive BC 
who underwent mastectomy with 1–2 positive LNs on final 
pathology were selected. Cohorts were stratified according 
to extent of axillary surgery defined by number of RLNs 
removed: SLND (1–5 LNs), and ALND (≥ 10 LNs) [8]. 
Patients were excluded from analysis if they received neo-
adjuvant radiation or chemotherapy, had positive surgical 
margins, or underwent surgery at a facility other than the 
reporting facility. Patients with 6–9 lymph nodes examined 
were included as part of the entire cohort for analysis of 

extent of axillary surgery; however, they were excluded from 
subsequent analyses comparing SLND to ALND since we 
were unable to classify the type of axillary surgery in this 
group of patients. (Fig. 1) The NCDB PUF 2015 data dic-
tionary describes other variables used [9].

Statistical analysis

Descriptive statistics were calculated for clinical charac-
teristics using frequencies (percentage) for categorical data 
and mean (standard deviation) or median (interquartile rage 
Q1–Q3) for continuous data. The association of clinico-
pathologic factors among treatments was analyzed. For cat-
egorical variables, differences in percentages were compared 
across groups using chi-squared (X2) or Fisher’s exact tests. 
For continuous variables, the distributions across axillary 
surgery were compared using student’s t test or Wilcoxon 
test.

The primary endpoint was trend analysis of the extent of 
axillary surgery and factors associated with use of SLND. 
Cochran–Armitage trend test was used for comparison of 
treatment proportions. Odds ratios (OR) with 95% confi-
dence intervals (CI) were calculated using a multivariable 
binary logistic regression model to identify factors associ-
ated with SLND versus ALND. Covariates in the model 
included age (< 50 vs. ≥ 50), year of diagnosis (2004–2010 
vs. 2011–2015), race/ethnicity (non-Hispanic white, non-
Hispanic black, Hispanic, other), insurance status (insured 
vs. uninsured), facility type (Academic vs. others), facil-
ity location, Charlson–Deyo comorbidity score (0 vs. ≥ 1), 
histology (ductal, lobular, mixed ductal/lobular), estrogen 
receptor (ER) status (positive vs. negative), T stage (1 vs. 2), 
number of positive LNs (1 vs. 2), LN disease burden (micro-
metastatic vs. macrometastatic), and use of postmastectomy 

Fig. 1  Cohort selection
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radiotherapy (PMRT) to the chest wall ± LNs (yes vs. no). 
Facility location was grouped into 4 regions as defined by 
the U.S. Census (Northeast, South, Midwest, and West) [10].

The secondary endpoint was overall survival (OS), meas-
ured from date of diagnosis until death. The Kaplan–Meier 
method was used to derive survival curve estimates across 
treatments, and the log-rank test was used to make com-
parisons of the survival rates [11]. Hazard ratios (HR) with 
95% CI were calculated using the Cox proportional hazards 
model [12, 13]. Analyses were adjusted to aforementioned 
covariates in addition to adjuvant systemic treatments and 
type of axillary surgery (SLND vs. ALND). Statistical sig-
nificance was determined at an alpha level of ≤ 0.05. Statis-
tical analyses were carried out using SAS Software version 
9.4 (SAS Institute Inc., Cary, NC) and R Software (RStudio. 
Inc. Boston, MA).

Results

Patient, tumor, and treatment characteristics

A total of 34,243 patients met our inclusion criteria: 13,821 
(40%) underwent SLND, and 20,422 (60%) ALND. Mean 
age was 58 years. The majority of patients were non-His-
panic white (81%), were treated at Comprehensive Com-
munity Cancer Programs (46%), and had private insurance 
(58%). Most tumors were ductal adenocarcinoma (81%), 
ER+ (86%), clinical T1 (58%), with LN macrometastases 

(67%), and moderately differentiated (48%). Sixty-two 
percent of patients received adjuvant chemotherapy, 25% 
PMRT, and most ER+ patients (86%) received hormonal 
therapy.

Trends in regional lymph node surgery

A significant increase in SLND was observed from 2004 to 
2015, 21% in 2004 to 45% in 2015 (p < .001). This increase 
was particularly evident after 2010. Similar trends were 
observed in both patients with macrometastatic (SLND 
increase 18–37%, p < .001) and micrometastatic (SLND 
increase 40–66%, p < .001) disease. In addition, in patients 
who received PMRT, SLND increased from 16 to 48% dur-
ing the same time period (p <.001) and the use of PMRT 
overall in patients undergoing SLND increased from 9 to 
35% (p <.001) (Fig. 2).

Analysis of SLND versus ALND

Patients treated with SLND were slightly older (60 vs. 57 
years, p < .001) and as expected, were more likely to have 
Medicare insurance (36 vs. 29%, p < .001) compared to 
those treated with ALND. They also received care more 
often at Comprehensive Community Cancer Programs (50 
vs. 43%, p < .001). Among patients treated with ALND, 
there were higher proportions of ductal carcinoma (82 vs. 
78%, p < .001), T2 tumors (43 vs. 39%, p < .001), poorly 
differentiated tumors (34 vs. 27%, p < .001), and LN 

Fig. 2  Use of sentinel lymph 
node dissection in early-stage 
breast cancer patients undergo-
ing mastectomy
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macrometastases (75 vs. 54%, p < .001) compared to SLND. 
Adjuvant chemotherapy was given to 69% of patients who 
underwent ALND compared to 52% of patients who under-
went SLND (p < .001). (Table 1).

Independent factors associated with SLND were year 
of diagnosis (2011–2015; OR 2.21, 95% CI 2.09–2.33, 
p < .001), treatment at non-Academic centers (OR 1.40, 
95% CI 1.32–1.48, p < .001), Western region (OR 1.22, 
95% CI 1.12–1.33, p < .001), lobular (OR 1.40, 95% CI 
1.26–1.56, p < .001) or mixed ductal/lobular (OR 1.16, 
95% CI 1.07–1.27, p = .001) histology, and PMRT (OR 
1.54, 95% CI 1.45–1.63, p < .001). Factors associated with 
lower use of SLND were younger age (< 50 years, OR 0.76, 
95% CI 0.72–0.81, p = .001), non-Hispanic black race (OR 
0.80, 95% CI 0.73–0.87, p < .001), Hispanic ethnicity (OR 
0.83, 95% CI 0.74–0.93, p = .002), Midwest region (OR 
0.88, 95% CI 0.82–0.95, p = .001), ER- tumors (OR 0.83, 
95% CI 0.77–0.89, p < .001), T2 tumors (OR 0.88, 95% CI 
0.84–0.92, p < .001), two positive LNs (OR 0.38, 95% CI 
0.35–0.40, p < .001), and LN macrometastases (OR 0.25, 
95% CI 0.23–0.26, p < .001) (Fig. 3).

Survival analysis

The median follow-up was 53 months (IQR 33–77 months). 
Five-year OS was 88% in the ALND group and 85% in the 
SLND group (log rank p < .001). Factors associated with 
better OS on multivariable survival analysis were younger 
age (< 50 years; HR 0.47, 95% CI 0.42–0.53, p < .001), 
year of diagnosis (2011–2015; HR 0.76, 95% CI 0.70–0.82, 
p < .001), Hispanic ethnicity (HR 0.67, 95% CI 0.55–0.80, 
p < .001), lobular (HR 0.83, 95% CI 0.74–0.93, p < .001) or 
mixed ductal/lobular histology (HR 0.85, 95% CI 0.74–0.96, 
p = .010), ALND (HR 0.78, 95% CI 0.72–0.83, p < .001), 
adjuvant chemotherapy (HR 0.42, 95% CI 0.38–0.45, 
p < .001), PMRT (HR 0.83, 95% CI 0.76–0.92, p < .001), and 
hormonal therapy (HR 0.52, 95% CI 0.48–0.57, p < .001). 
Negative prognostic factors were lack of insurance (HR 1.24, 
95% CI 1.02–1.51, p < .001), treatment at non-Academic 
centers (HR 1.26, 95% CI 1.16–1.36, p < .001), Midwest 
region (HR 1.14, 95% CI 1.03–1.26, p = .012), comorbid 
conditions (HR 1.79, 95% CI 1.67–1.92, p < .001), ER- 
tumors (HR 1.52, 95% CI 1.37–1.69, p < .001), T2 tumors 
(HR 1.77, 95% CI 1.65–1.90, p < .001), two positive LNs 
(HR 1.22, 95% CI 1.13–1.31, p < .001), and LN macrome-
tastases (HR 1.12, 95% CI 1.01–1.23, p = .024) (Table 2).

Subgroup survival analysis of patients with LN macrome-
tastases treated without RT (n = 16 070) and LN microme-
tastases treated without RT (n = 5 883) showed better 5-year 
OS in patients undergoing ALND (LN macrometastases: 85 
vs. 79%, log rank p < .001; LN micrometastases: 88 vs. 86%, 
log rank p = .050). However, in patients who received PMRT 

(n = 8429), no difference was observed (PMRT: 91 vs. 90%, 
log rank p = .193).

Adjusted models showed similar OS regardless of type 
of axillary surgery for patients with LN micrometastases 
treated without RT (HR 0.87, 95% CI 0.73–1.05, p = .153) 
or patients treated with PMRT (HR 0.92, 95% CI 0.76–1.13, 
p = .433), though, for patients with LN macrometastases 
treated without RT, better OS was observed with ALND 
(HR 0.73, 95% CI 0.66–0.80, p < .001).

Discussion

The results of this NCDB analysis show that the use of 
SLND alone in patients with ESBC with limited ALN metas-
tasis undergoing mastectomy has significantly increased. 
This is particularly evident since publication of the Z0011 
trial, even though patients undergoing mastectomy were not 
included in this trial. Patients were less likely to get SLND 
if they were younger (< 50 years), were non-Hispanic black 
or Hispanic, had greater tumor burden, or ER- tumors. On 
multivariable survival analysis, ALND was independently 
associated with better OS. Other factors that affect survival 
in patients with breast cancer including hormone receptor 
status, tumor burden, and receipt of adjuvant systemic ther-
apy were also significant. In our subgroup survival analy-
sis, type of axillary surgery was not associated with OS for 
patients with LN micrometastases treated without RT or 
patients treated with PMRT. These findings contribute to 
the surgical management of the axilla in patients with ESBC 
undergoing mastectomy and provide support for less exten-
sive axillary surgery in select patients.

A significant evolution in the management of the axilla in 
patients with ESBC has occurred [14–18]. Multiple studies 
demonstrate SLND to be an accurate predictor of disease 
burden in the axilla in patients with clinically negative LNs 
[14–17]. The National Surgical Adjuvant Breast and Bowel 
Project (NSABP) B-32 trial demonstrated similar outcomes 
in patients with negative SLNs treated with SLND compared 
to ALND [18]. This trial also demonstrated low regional 
recurrence (RR) rates in patients with occult SLN metastases 
who underwent SLND and helped established the basis for 
less extensive axillary surgery in patients with ESBC and 
limited axillary disease [18].

The Z0011 trial was practice changing in patients with 
ESBC with 1–2 positive SLNs undergoing BCT, showing 
similar RR rates, disease-free survival (DFS), and OS in 
patients treated with SLND compared to SLND and com-
pletion ALND (CLND) [2, 15, 19]. Since publication of 
this trial, a significant decline in the rate of CLND has 
occurred in patients meeting Z0011 criteria [3, 4, 20]. A 
prior analysis of the NCDB that examined practice patterns 
1 year before and after publication of Z0011 demonstrated 
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Table 1  Patient, tumor, and 
treatment characteristics

a SLND sentinel lymph node dissection
b ALND axillary lymph node dissection
c Estrogen Receptor-Positive Patients

Total SLNDa ALNDb p

n = 34,243 n = 13,821 (%) n = 20,422 (%)

Patient factors
 Age 58.4 ± 14 60 ± 14 57 ± 13 < 0.001

Race/ethnicity < 0.001
 Non-hispanic white 27,607 (81) 11,388 (82) 16,219 (79)
 Non-hispanic black 3139 (9) 1099 (8) 2040 (10)
 Hispanic 1782 (5) 654 (5) 1128 (6)
 Other 1715 (5) 680 (5) 1035 (5)

Insurance status < 0.001
 Private insurance 19,755 (58) 7584 (55) 12,171 (60)
 Medicare 10,986 (32) 5002 (36) 5984 (29)
 Medicaid 2194 (6) 759 (5) 1435 (7)
 Not insured 657 (2) 228 (2) 426 (2)
 Other government 333 (1) 120 (1) 213 (1)
 Unknown 318 (1) 128 (1) 190 (1)

Charlson–Deyo score 0.002
 0 27,827 (81) 11,159 (81) 16,668 (81)
 1 5173 (15) 2110 (15) 3063 (15)
 2 981 (3) 420 (3) 561 (3)
 ≥ 3 262 (1) 132 (1) 130 (1)

Tumor factors
 Histology < 0.001

  Ductal 27,572 (80.5) 10,854 (78.5) 16,718 (81.7)
  Lobular 3643 (10.7) 1694 (12.3) 1949 (9.5)
  Mixed ductal and lobular 2918 (8.5) 1240 (8.9) 1678 (8.2)
  Other 110 (0.3) 33 (0.2) 77 (0.4)

 Estrogen receptor status < 0.001
  Positive 29,490 (86) 12,202 (88) 17,288 (85)
  Negative 4448 (13) 1506 (11) 2942 (14)
  Unknown 305 (1) 113 (1) 192 (1)

 T stage < 0.001
  T1 20,015 (58) 8433 (61) 11,582 (57)
  T2 14,228 (42) 5388 (39) 8840 (43)

 N stage < 0.001
  Micrometastasis 7051 (21) 4858 (35) 2193 (11)
  Macrometastasis 22,879 (67) 7444 (54) 15,435 (75)
  Unknown 4313(12) 1539 (11) 2794 (14)

 Tumor grade < 0.001
  Well differentiated 5842 (17) 2727 (20) 3115 (15)
  Moderately differentiated 16,501 (48) 6788 (49) 9713 (48)
  Poorly differentiated 10,622 (31) 3728 (27) 6894 (34)
  Unknown 1278 (4) 578 (4) 700 (3)

Treatment factors
 Facility type < 0.001

  Comprehensive community cancer program 15,683 (46) 6898 (50) 8785 (43)
  Academic/Research Program 9875 (29) 3475 (25) 6400 (31)
  Community Cancer Program 2775 (8) 1168 (9) 1607 (8)
  Integrated Network Cancer Program 3516 (10) 1439 (10) 2077 (10)
  Unknown 2394 (7) 841 (6) 1553 (8)

Adjuvant chemotherapy 21,291 (62) 7277 (52) 14,014 (69) < 0.001
Post mastectomy radiation therapy 8429 (25) 3588 (26) 4841 (24) < 0.001
Hormone  therapyc 25,436 (86) 10,473 (86) 14,963 (87) 0.041
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a significant increase in the use of SLND in Z0011 eligible 
patients 1 year after publication [3]. Interestingly, a signifi-
cant increase in SLND was also observed in multiple groups 
who did not meet Z0011 criteria, including those undergoing 
mastectomy [3]. The findings from our study confirm this 
early analysis and demonstrate an even further increase in 
the use of SLND alone in patients with ESBC undergoing 
mastectomy, although the safety of this approach in patients 
who fall outside of Z0011 criteria is not known.

Several single institution series have examined outcomes 
of patients undergoing mastectomy with positive SLNs who 
did not receive additional axillary surgery and show low RR 
rates [21–23]. An analysis of 210 patients with ESBC who 
underwent mastectomy with positive SLNs and received no 
further axillary surgery showed a 4-year RR rate of 1.2%, 
DFS of 94.8%, and OS of 97.8% [22]. A large proportion of 
patients in this study had isolated tumor cells only (54%) or 
micrometastatic disease (37%). A similar study that exam-
ined 10-year RR rates showed no difference between treat-
ment groups, 3.8% with no further axillary treatment, 1.6% 
with CLND, 1.8% for CLND and RT, and 0% for RT alone 
[21]. However, there were inherent differences between the 
treatment groups with patients who did not undergo CLND 
being older and having more favorable tumor characteristics.

In the present analysis, we demonstrated that for all 
patients, ALND was independently associated with bet-
ter OS. This is true even though patients who underwent 
ALND had greater disease burden, although they were also 
significantly more likely to receive adjuvant chemotherapy. 
However, the impact of ALND on recurrence-free survival 
and OS is controversial, particularly in patients with ESBC 
given the long-term results from the NSABP B-04 trial 
[24] and with the use of contemporary systemic therapies 

[25–27]. Several meta-analyses of randomized clinical tri-
als that evaluated the effect of ALND on OS show differing 
results [25, 27], and there are several ongoing clinical trials 
that are examining this question [28, 29]. Unfortunately, due 
to the limitations of information available in the NCDB, 
we were unable to evaluate breast cancer-specific survival 
(BCSS) which may be a more informative outcome in this 
patient population.

Since publication of Z0011, four randomized trials have 
been reported which examined less extensive axillary sur-
gery or use of axillary RT (AxRT) as an alternative to CLND 
in patients with ESBC and limited axillary disease [5, 6, 
30, 31]. Although these trials were not specifically designed 
to answer the question of axillary management in patients 
undergoing mastectomy, they all included some patients 
treated with mastectomy. The International Breast Cancer 
Study Group (IBCSG) 23-01 trial compared ALND to no 
ALND in patients with ESBC with SLN micrometastases 
[5]. While the majority of patients had breast conserving 
surgery, 9% in each group underwent mastectomy [5]. With 
a median follow-up of 9.8 years, there was no significant dif-
ference in DFS or OS between the treatment groups [5, 32]. 
Of the 86 patients who underwent mastectomy, 44 ALND 
and 42 no ALND, there was one axillary recurrence (1.2%) 
in each group and only 6% (5/86) received adjuvant RT [5, 
32]. The After Mapping of the Axilla: Radiotherapy or Sur-
gery (AMAROS) trial compared ALND to AxRT in patients 
with ESBC with positive SLNs, and included 248 (17%) 
patients who underwent mastectomy, 127 (17%) ALND and 
121 (18%) AxRT [6]. At a median follow-up of 6.1 years, 
there was no significant difference in DFS or OS between the 
treatment groups [6]. The RR rates were extremely low at 5 
years, 4/744 (0.43%) ALND group and 7/681 (1.19%) AxRT 

Fig. 3  Binary logistic regression model predicting use of SLND in early-stage breast cancer patients diagnosed from 2004 to 2015
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group [6]. These trials provide support for SLND alone or 
AxRT as alternatives to ALND in patients with ESBC with 
positive SLNs undergoing mastectomy [5, 6]. The results 
from these trials are consistent with our subgroup analysis, 
which showed that for patients with LN micrometastases 
treated without RT or for patients who received PMRT, type 
of axillary surgery was not independently associated with 
OS.

Another interesting finding from our study is the sig-
nificant increase in PMRT use from 2004 to 2015. This 
occurred in both patients treated with SLND and ALND 
(data not shown) and PMRT was also associated with better 
OS on multivariable analysis. This likely reflects the increas-
ing use of PMRT in patients with 1–3 positive LNs based 
on the improvements in LR control and survival observed in 
randomized clinical trials in patients with ESBC [33, 34]. It 
is also possible that the use of PMRT increased due to the 
concomitant decrease in the extent of axillary surgery that 
occurred over this time period, although the exact criteria 
for patient selection for PMRT in the present analysis are 
unknown.

One of the benefits of using the NCDB is that we were 
able to examine RLN management in a large number of 
patients with ESBC undergoing mastectomy. Until recently, 
however, the NCDB has not categorized patients by type 
of axillary surgery, and therefore, we used the number of 
RLNs examined as a proxy. This made it difficult to classify 
patients who had 6–9 lymph nodes removed and may actu-
ally underestimate the number of patients who underwent 
SLND since surgeon intent for the axillary surgery was not 
known. Also, we were unable to analyze outcomes according 
to specific breast cancer molecular subtypes because human 
epidermal growth factor receptor-2 (HER-2) status has only 
been included in the NCDB since 2010, and therefore we 
used ER status alone. In addition, data for other significant 
oncologic outcomes such as RR and DFS rates were not 
available to examine from the NCDB, which is important 
when considering management of the axilla.

In conclusion, the use of SLND alone in patients with 
ESBC with 1–2 positive SLNs undergoing mastectomy has 
significantly increased and is influenced by multiple patient, 
tumor, and treatment factors. While ALND was associated 
with better OS on multivariable analysis, type of axillary 
surgery was not significant in patients with LN microme-
tastases treated without RT or patients who received PMRT. 

Table 2  Cox proportional hazards model predicting all-cause mortal-
ity in early-stage breast cancer patients diagnosed 2004–2014

Overall

HR (95% CI) p

Age
 ≥ 50 years Ref
 < 50 years 0.47 (0.42–0.53) < 0.001

Year of diagnosis
 2004–2010 Ref
 2011–2014 0.76 (0.70–0.82) < 0.001

Race/ethnicity
 Non-hispanic white Ref
 Non-hispanic black 1.11 (0.99–1.24) 0.063
 Hispanic 0.67 (0.55–0.80) < 0.001
 Other 0.62 (0.50–0.76) < 0.001

Insurance status
 Insured Ref
 Uninsured 1.24 (1.02–1.51) < 0.001

Facility type
 Academic program Ref
 Non-academic program 1.26 (1.16–1.36) < 0.001

Facility location
 Northeast Ref
 Midwest 1.14 (1.03–1.26) 0.012
 South 1.05 (0.95–1.16) 0.364
 West 0.93 (0.83–1.05) 0.249

Charlson–Deyo score
 0 Ref
 1–3 1.79 (1.67–1.92) < 0.001

Histology
 Ductal Ref
 Lobular 0.83 (0.74–0.93) 0.001
 Mixed ductal/lobular 0.85 (0.74–0.96) 0.010
 Unknown 0.95 (0.58–1.55) 0.834

Estrogen receptor status
 Positive Ref
 Negative 1.52 (1.37–1.69) < 0.001
 Unknown 1.12 (0.89–1.41) 0.332

T stage
 T1 Ref
 T2 1.77 (1.65–1.90) < 0.001

Positive lymph node
 1
 2 1.22 (1.13–1.31) < 0.001

Lymph node metastases
 Micrometastasis Ref
 Macrometastasis 1.12 (1.01–1.23) 0.024
 Unknown 1.03 (0.85–1.24) 0.798

Axillary surgery
 Sentinel lymph node dissection Ref
 Axillary lymph node dissection 0.78 (0.72–0.83) < 0.001

Chemotherapy 0.42 (0.38–0.45) < 0.001

Table 2  (continued)

Overall

HR (95% CI) p

Post-mastectomy radiation therapy 0.83 (0.76–0.92) < 0.001
Hormonal therapy 0.52 (0.48–0.57) < 0.001
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The findings from this analysis are consistent with the results 
from recent clinical trials and provide support for the use of 
SLND alone in select patients with ESBC with limited ALN 
metastasis undergoing mastectomy.
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