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A B S T R A C T   

Background: There is a lack of studies examining the long-term trend and survival of axillary surgery for breast 
cancer patients with sentinel node metastasis, especially for the patients with 3–5 node metastases. 
Methods: Breast cancer patients with 1–5 sentinel node metastases from the Surveillance, Epidemiology, and End 
Results (SEER) database from 2000 to 2016. Our study presented the trend of axillary surgery and assessed the 
long-term survival of sentinel lymph node biopsy (SLNB) alone vs axillary lymph node dissection (ALND) for 
those patients. 
Results: Of the 41,996 patients diagnosed with T1-2 breast cancer after lumpectomy and radiation included, 
34,940 had 1-2 sentinel node metastases and 7056 had 3-5 sentinel node metastases. The percentage of patients 
undergoing SLNB alone increased from 22.4% in 2000 to 81.0% in 2016 for patients with 1–2 sentinel node 
metastases, and quadrupled from 5.2% in 2009 to 20.6% in 2016 for those with 3–5 sentinel node metastases. 
Completion of ALND did not benefit the long-term survival of 1–2 sentinel node metastasis patients (hazard ratio 
[HR] = 1.02, P = 0.539), but improved the long-term survival of 3–5 node metastasis patients (HR = 0.73, P <
0.001). Subgroup analysis demonstrated the inferiority of SLNB to ALND in all subgroups of 3–5 sentinel node 
metastases. 
Conclusion: For patients with T1-2 breast cancer after lumpectomy and radiation, SLNB alone was an efficient and 
safe surgical choice for 1–2 sentinel node metastases but not for 3–5 sentinel node metastases. It is worth noting 
that for patients with 3–5 node metastasis, the proportion of omitted ALND quadrupled after 2009.   

1. Introduction 

Breast cancer becomes the most common female malignancy 
worldwide [1]. Sentinel lymph node biopsy (SLNB) and Axillary lymph 
node dissection (ALND) are the two classical and common axillary sur-
geries for operable breast cancer. ALND is an effective surgery for 
maintaining local lymph node control, but with the complications, such 
as lymphedema and decreased upper extremity motion [2]. SLNB is the 
substitute for ALND among patients with negative axilla, and compli-
cations caused by SLNB are negligible [3,4]. Therefore, SLNB has 
become the standard staging method and the use of ALND declined from 
94% to 36% in women with no axillary nodal metastases from 1998 to 

2004 [5]. 
Approximately half of sentinel node-positive patients do not have 

non-sentinel node metastases, and those patients may forgo completion 
ALND [6]. The Z0011 trial demonstrated the safety of SLNB alone in 
patients with 1–2 positive sentinel lymph nodes [7]. After the publica-
tion of the Z0011 trial, the axilla management for patients under the 
Z0011 eligibility criteria changed greatly from developed to developing 
countries [8–10]. Omission of ALND has become the standard practice 
and been recommended since 2013 [11]. However, the limitations of 
Z0011 were still questioned for failure to meet the accrual target, high 
ratio of lost follow-up, and lack of radiation treatment quality assurance 
[12,13]. The findings of the Z0011 trial need to be examined in 
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real-world practice. Several studies analyzed the data from the 
population-based database and validated the outcome of the Z0011 trial 
from different perspectives [14–16]. These studies did not report 
long-term survival analysis or the trend of axilla management in the real 
practice. Moreover, it was unknown whether ALND could be avoided for 
the certain patients with 3–5 positive sentinel lymph nodes. 

In this study, we used the data extracted from the population-based 
Surveillance, Epidemiology, and End Results (SEER) database. Our ob-
jectives were to examine the trends in axillary surgery and clinical 
outcomes of either SLNB alone or ALND among breast cancer patients 
with 1–2 or 3–5 sentinel node metastases. 

2. Materials and methods 

2.1. Database 

The Surveillance, Epidemiology, and End Results (SEER) database 
(November 2020 submission) is a National Cancer Institute-sponsored 
program that comprised the cases from 2000 to 2018. We obtained 
patient data from 18 registries by SEER*Stat software, version 8.3.9 
(http://seer.cancer.gov/about/). The SEER 18 registries include the 
data from Alaska, Connecticut, San Francisco and other 15 registries. 
The data from the SEER program were publicly available and deiden-
tified and did not require the patient’s informed consent. Approved by 
the ethics board of the Westchina Hospital, this study was deemed 
exempt from ethical approval. 

2.2. Study population 

Between January 1, 2000, and December 31, 2016, a total of 984,268 
patients aged older than 18 years were extracted from the SEER data-
base. The selection diagram of the analyzed cohort is shown in Fig. 1. We 
included the patients before 2017 to ensure at least a two-year follow- 
up. Of these patients, 53,386 patients, aged 18–80, T1-2 with unilateral 
invasive breast cancer, who underwent lumpectomy and radiation were 
selected. The SEER database did not clearly define the type of axillary 
surgery. SLNB usually involved less than six axillary lymph nodes 
(ALNs) [17,18]. We in practice specified the type of axillary surgery 
according to the number of examined ALNs, as described by previous 
studies [15,16]: 1) the patients, with 1–5 examined ALNs, underwent 
SLNB; 2) the patients, with ≥10 examined ALNs, underwent ALND. We 

defined 1–5 positive regional nodes as sentinel node metastasis. Patients 
with 6–9 ALNs removed underwent SLNB-Plus surgery, which inter-
mediated SLNB and ALND. Due to unclear and controversial classifica-
tion, the 8285 patients with SLNB-Plus were excluded. Finally, 41,996 
patients were enrolled, including 34,940 with 1–2 sentinel node me-
tastases (83.20%, including 17,143 patients with SLNB alone and 17, 
797 with ALND) and 7056 with 3–5 sentinel node metastases (16.80%, 
including 680 patients with SLNB alone and 6376 with ALND). 

2.3. Assembly of key variables 

The following variables were assembled from SEER*Stat software: 
year of diagnosis, age, race, marital status, histological grade, ICD-O-3 
histology, estrogen receptor (ER), progesterone receptor (PR), human 
epidermal growth factor receptor 2 (HER2) recode, primary tumor T 
stage, regional nodes positive, chemotherapy recode, radiation therapy, 
vital status recode, cause-specific death classification, and survival 
month. The ER and PR variables were merged as the hormone receptor 
(HoR) status. 

2.4. Main outcome measure 

Overall survival (OS) was defined as the survival time from the initial 
diagnosis of cancer to the death from any cause. The main outcome 
measure was 15-year overall survival. The end date for the follow-up 
was December 31, 2018, and the data were analyzed in October 2021. 

2.5. Statistical analysis 

The demographic and clinicopathological variables were compared 
across the two groups by the Pearson χ2 test. Kaplan–Meier curves and 
log-rank tests were generated to measure survival differences. Univari-
ate and multivariate Cox hazard models were conducted to estimate the 
features associated with OS. Subgroup analyses presented the hazard 
ratios of SLNB versus ALND in the specific sub-cohort. All statistical 
analyses were accomplished by Stata statistical software, version 12.0 
(StataCorp), and a significant difference was considered for two-sided P 
< 0.05. 

Fig. 1. Flow diagram for selection of the study cohort 
A total of 41,996 patients were enrolled in this study. 
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3. Results 

3.1. Patient description and trend in Axilla surgery 

The baseline characteristics of all 41,996 T1-2 patients after lump-
ectomy and radiation are summarized in Table 1. The median follow-up 
time was 99 months. There were 34,940 patients with 1–2 sentinel node 
metastases (including 17,143 patients with SLNB alone and 17,797 with 
ALND) and 7056 patients with 3–5 sentinel node metastases (including 
680 patients with SLNB alone and 6376 with ALND). Within the 1–2 
sentinel node metastasis cohort, compared with the SLNB alone patients, 
the ALND patients were more likely to be younger (aged ≤50 years: 
33.9% vs 24.2%, P < 0.001), have worse histological differentiation 
(40.0% vs 27.4% for poorly differentiated or undifferentiated, P <
0.001), have a lower HoR positive rate (HoR+: 78.6% vs 88.6%, P <
0.001), and have a higher proportion of two sentinel node metastases 
(33.3% vs 14.1%, P < 0.001). Within the 3–5 sentinel node metastasis 
cohort, the ALND patients were also more likely to be younger (aged 
≤50 years: 35.5% vs 28.7%, P < 0.001) and had a higher proportion of 
4–5 sentinel node metastases (50.6% vs 33.0%, P < 0.001). 

The trend in axillary surgery for sentinel node metastasis shown that 
for the 1–2 sentinel node metastasis cohort, the percentage of patients 
undergoing SLNB increased dramatically (from 22.4% in 2000 to 81.0% 
in 2016) (Fig. 2). Especially, the SLNB proportion doubled from 30.2% 
in 2009 to 62.9% in 2011. In contrast, the SLNB alone proportion in 
patients with 3–5 sentinel node metastases kept low until 2009 and then 
almost quadrupled from 5.2% in 2009 to 20.6% in 2016. 

3.2. Survival analysis and multivariate analysis 

For the patients with 1–2 sentinel node metastasis, the SLNB alone 
group had a similar 15-year OS to the ALND group (70.0% vs 70.5%, log- 
rank test P = 0.953), as shown in Fig. 3. For the patients with 3–5 
sentinel node metastases, the SLNB alone and ALND groups showed 
comparable five-year OS rates (86.3% vs 88.0%, log-rank test P =
0.182). Interestingly, the survival difference between the two groups 
showed clearly after five years, and ALND exhibited a better 15-year OS 
than the SLNB alone cohort (51.4% vs 64.1%, log-rank test P < 0.001). 

To balance the biased baseline, we conducted univariate and 
multivariate Cox proportional hazards analysis among patients with 1–2 
or 3–5 sentinel node metastases respectively. The factors that were 
statistically significant in the univariate analysis (Table S1) were 
included in the multivariate analysis (Table 2), including age, race, 
marital status, grade, tumor size, HoR status, number of node metasta-
ses, axillary surgery type and chemotherapy. After the balancing, ALND 
presented no statistical significance for survival benefit over SLNB 
(hazard ratio [HR] 1.02; 95% CI, 0.96–1.07; P = 0.539) for patients with 
1–2 sentinel node metastasis, which is consistent with the above survival 
analysis. By comparison, ALND was demonstrated to be an independent 
favorable variable over SLNB in OS (HR 0.73; 95% CI, 0.63–0.85; P <
0.001) for patients with 3–5 sentinel node metastases. 

3.3. Subgroup analysis 

To clarify the effects of axillary surgery among the subgroup pa-
tients, we conducted multivariable Cox analysis within the subgroups 

Table 1 
Baseline characteristics of patients diagnosed with T1-2 breast cancer after lumpectomy and radiation from the SEER database 2000–2016.  

Characteristics Total (n = 41996) 1-2 sentinel-node metastases 3-5 sentinel-node metastases 

SLNB (n = 17143) ALND (n = 17797) P SLNB (n = 680) ALND (n = 6376) P 

n (%) n (%) n (%) n (%) n (%) 

Year    <0.001   <0.001 
2000–2005 14748 (35.12) 3804 (22.19) 8081 (45.41) 201 (29.56) 2662 (41.75) 
2006–2011 14066 (33.49) 4490 (26.19) 7007 (39.37) 175 (25.74) 2394 (37.55) 
2012–2016 13182 (31.39) 8849 (51.62) 2709 (15.22) 304 (44.71) 1320 (20.70) 

Age    <0.001   <0.001 
18–50 years 12625 (30.06) 4140 (24.15) 6025 (33.85) 195 (28.68) 2265 (35.52) 
51–65 years 18691 (44.51) 7664 (44.71) 7910 (44.45) 313 (46.03) 2804 (43.98) 
66–80 years 10680 (25.43) 5339 (31.14) 3862 (21.70) 172 (25.29) 1307 (20.50) 

Histology    <0.001   0.003 
IDC 34006 (80.97) 13581 (79.22) 14678 (82.47) 525 (77.21) 5222 (81.90) 
ILC & Others 7990 (19.03) 3562 (20.78) 3119 (17.53) 155 (22.79) 1154 (18.10) 

Grade    <0.001   0.388 
I 7654 (18.23) 3985 (23.25) 2856 (16.05) 85 (12.50) 728 (11.42) 
II 19370 (46.12) 8459 (49.34) 7823 (43.96) 307 (45.15) 2781 (43.62) 
III & IV 14972 (35.65) 4699 (27.41) 7118 (40.00) 288 (42.35) 2867 (44.97) 

T    <0.001   0.820 
T1 25395 (60.47) 11384 (66.41) 10734 (60.31) 313 (46.03) 2964 (46.49) 
T2 16601 (39.53) 5759 (33.59) 7063 (39.69) 367 (53.97) 3412 (53.51) 

HoR    <0.001   0.090 
Negative 5944 (14.15) 1600 (9.33) 3083 (17.32) 101 (14.85) 1160 (18.19) 
Positive 34733 (82.71) 15180 (88.55) 13992 (78.62) 554 (81.47) 5007 (78.53) 
Unknown 1319 (3.14) 363 (2.12) 722 (4.06) 25 (3.68) 209 (3.28) 

HER2    <0.001   <0.001 
Negative 15380 (36.62) 9538 (55.64) 3859 (21.68) 303 (44.56) 1680 (26.35) 
Positive 2163 (5.15) 1102 (6.43) 726 (4.08) 45 (6.62) 290 (4.55) 
Unknown 24453 (58.23) 6503 (37.93) 13212 (74.24) 332 (48.82) 4406 (69.10) 

Node number of metastases   <0.001    
1 26601 (63.34) 14725 (85.90) 11876 (66.73)    
2 8339 (19.86) 2418 (14.10) 5921 (33.27)    
3 3605 (8.58)    456 (67.06) 3149 (49.39) <0.001 
4 2112 (5.03)    159 (23.38) 1953 (30.63) 
5 1339 (3.19)    65 (9.56) 1274 (19.98) 

Chemotherapy    <0.001   <0.001 
Yes 30309 (72.17) 10070 (58.74) 13995 (78.64) 570 (83.82) 5674 (88.99) 
No/Unknown 11687 (27.83) 7073 (41.26) 3802 (21.36) 110 (16.18) 702 (11.01) 

Abbreviations: HoR, hormone receptor; IDC, invasive lobular carcinoma; ILC, invasive ductal carcinoma; T, primary tumor T stage. 
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according to the three variables (age, HoR status, and the number of 
metastatic nodes) (Table S2). All three variables were independent risk 
factors in the survival analysis and key factors in clinical practice. 
Among 1–2 sentinel node metastasis patients, SLNB showed comparable 
outcomes with ALND in most subgroups, regardless of the five-year or 
15-year follow-up. The exception was ALND showed a protective effect 
on five-year OS in the subgroups of 18–50 years and two positive 
sentinel nodes. Among the most subgroups of 3–5 sentinel node 
metastasis patients, the survival benefit induced by ALND was not sta-
tistically significant in the five-year follow-up but showed significance in 
the 15-year follow-up. 

3.4. Sensitivity analysis 

As described in the Methods section, we practically defined SLNB 
and ALND. To avoid the possibility of unintentional bias from the defi-
nition, sensitivity analyses were conducted (Table S3). In this part, SLNB 

was redefined from one to five regional lymph nodes removed, and 
ALND was defined as more than five or nine axillary lymph nodes 
removed. The analysis demonstrated that the definition for axillary 
surgery did not make a difference for the conclusion. The exceptional 
cases were that when SLNB was defined as three regional nodes 
removed, there was no statistical significance between SLNB and ALND 
for the patients with 3 sentinel node metastasis patients. Even in this 
situation, a statistical trend for the superiority of ALND was shown. 

4. Discussion 

We analyzed the data of 41,996 T1-2 patients with lumpectomy and 
radiation from 2000 to 2016, and the median follow-up time was 99 
months. This study was a large population-based analysis to retrospec-
tively examine the trends in axillary surgery and clinical outcomes of 
either SLNB alone or ALND among breast cancer patients with 1–2 or 
3–5 sentinel-node metastases. The percentage of patients undergoing 

Fig. 2. Trends in axillary surgery among breast cancer patients with sentinel node metastasis 
The proportion of SLNB alone among breast cancer patients with 1–2 or 3–5 sentinel-node metastases. 

Fig. 3. Kaplan–Meier plots of the 15-year overall survival among breast cancer patients with sentinel node metastasis 
The overall survival comparison of SLNB alone vs ALND among breast cancer patients with 1– 
2 sentinel-node metastases(A), and with 3–5 sentinel-node metastases(B). 
Abbreviations: ALND, axillary lymph node dissection; OS, overall survival; SLNB, sentinel lymph node biopsy. 
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SLNB alone increased from 22.4% in 2000 to 81.0% in 2016 for patients 
with 1–2 sentinel node metastases and quadrupled from 5.2% in 2009 to 
20.6% in 2016 for those with 3–5 sentinel node metastases. Omitting 
ALND did not affect the long-term survival of 1–2 sentinel node 
metastasis patients but damaged the long-term survival of 3–5 node 
metastasis patients. Subgroup analysis consistently demonstrated the 
inferiority of SLNB to ALND in all subgroups of 3–5 sentinel node me-
tastases. Thus, SLNB is an efficient and safe surgical choice for 1–2 
sentinel node metastases but not for 3–5 sentinel node metastases. 

It has been known that breast cancer biology, rather than the extent 
of surgery, is a major determinant of recurrence [19,20]. Initially, SLNB 
was demonstrated as the standard staging method for breast cancer 
patients with clinically negative axilla [3]. Furthermore, the Z0011 and 
IBCSG 23-01 trials provided the support for the change in clinical 
practice for the patients with minimal lymph node involvement [7,21]. 
The axilla management for patients under Z0011 eligibility criteria 
changed greatly from developed to developing countries [8–10]. For 
example, Yao et al. reported that the SLND alone in patients meeting the 
Z0011 eligibility criteria increased from 23% in 2009 to 56% in 2011 
[22]. Our study showed a dramatic change in axillary surgery for 
sentinel node metastases 1–2 from 2000 to 2016, and the SLNB pro-
portion doubled within three years from 30.2% in 2009 to 62.9% in 
2011. It is worth noting that for patients with 3–5 node metastasis who 
did not meet the Z0011 eligibility criteria, the SLNB alone proportion 
was quite low until 2009 and then almost quadrupled from 5.2% in 2009 
to 20.6% in 2016. The increasing trend of SLNB alone for 3–5 node 
metastasis started in 2009 and seemed to be influenced by the Z0011 
trial, although the efficacy and safety were not well demonstrated then. 

Whether the conclusion from the Z0011 trial could be extrapolated to 
the management of patients with more positive nodes should be pre-
cisely examined. 

The proponents of completion ALND argued that the total number of 
involved nodes provides important prognostic information and guides 
the subsequent treatment [23,24]. Early studies reported that the total 
number of involved nodes is important prognostic information and that 
an increasing number of positive nodes portends worse survival [25]. 
However, whether the improved survival was due to axillary clearance 
itself or to adjuvant treatment for lymph node involvement was un-
known. Orr et al. performed a Bayesian meta-analysis of six randomized 
controlled trials and revealed a 5.4% survival benefit associated with 
ALND for clinically node-negative patients [26]. However, the value of 
this systematic review was controversial because no patients in the six 
trials were treated with adjuvant therapy, in contrast to current clinical 
practice. From the perspective of opponents, approximately 50% of 
patients with positive sentinel nodes were found to have no other nodal 
metastases [6,27]. Perhaps, many patients underwent unnecessary 
ALND, with no additional therapeutic benefit or staging information. 
Several studies validated the outcome of the Z0011 trial from different 
perspectives, while long-term survival analysis was not reported 
[14–16]. We analyzed 41,996 patients and found that omitting ALND 
did not affect the long-term survival of 1–2 sentinel node metastasis 
patients but damaged the survival of 3–5 node metastasis patients. 

From our results, the number of positive lymph nodes was critical in 
the choice of axillary surgery. In other words, the de-escalation of SLNB 
alone seemed rational for 1–2 sentinel node metastasis and escalation of 
ALND for 3–5 sentinel node metastasis. For breast cancer, the treatment 
paradigm has shifted from “maximum tolerable” to “minimum effective” 
since the 1970s [28]. From our findings, the initial five-year survival 
was comparable between the SLNB alone and ALND cohorts for the 3–5 
node metastasis, and the protective benefit induced by ALND was then 
appeared to be significant after the initial five-year period. Thus, radi-
ation plus adjuvant systemic therapy perhaps was inadequate for 3–5 
node metastasis from a long-term view. Breast cancer, particularly HoR 
positive breast cancer, was a disease with a long natural history [29,30]. 
ALND could improve the long-term survival via the better axillary 
clearance. Similarly, Bilimoria et al. found that for the patients with 
macroscopic disease, the completion ALND seemed to decrease the 
axillary recurrence and death, although without statistical significance 
[16]. 

As our study showed, the proportion of omitting ALND in patients 
with 3–5 sentinel node metastases increased to 20.6% in 2016, while 
omitting ALND would damage long-term survival. There was a similar 
trend to omit ALND in women with T3-4 disease [31]. The eligibility 
criteria and extrapolation of the Z0011 trial should be considered. It was 
once controversial whether the results of the Z0011 trial were applicable 
for high-risk patients, such as young age patients. Mamtani and Chung 
et al. presented that for young or triple-negative patients, there was no 
difference in survival between those who had ALND or not [32,33]. In 
contrast, the number of positive lymph nodes was critical in the choice 
of axillary surgery, and the Z0011 conclusion could not be extrapolated 
to patients with 3–5 node metastasis, and other patients such as those 
with positive palpable nodes, those forgoing whole-breast irradiation, or 
patients receiving neoadjuvant therapy [7]. 

The concept of axillary radiation for patients with positive nodes 
developed quickly, while the role of axillary radiation for patients with 
3–5 sentinel node metastases was still unclear. Most patients receive 
adjuvant systemic therapy and/or whole breast irradiation, which 
benefited the survival significantly [34,35]. The EORTC 10981–22023 
AMAROS trial enrolled 4806 patients with positive sentinel nodes and 
showed that axillary radiotherapy had the similar and comparable 
regional control with ALND [35]. The finding resulted in some patients 
with positive sentinel node undergoing axillary radiation instead of 
ALND after 2014. However, 95% patients enrolled in EORTC 
10981–22023 AMAROS trial had 1-2 sentinel node metastases, and the 

Table 2 
Multivariate Cox regression model analysis of the OS.  

Characteristics 1-2 sentinel-node metastases 
SLNB vs ALND 

3-5 sentinel-node metastases 
SLNB vs ALND 

HR (95% CI) P HR (95% CI) P 

Age 
18–50 years Reference  Reference  
51–65 years 1.25 (1.16–1.33) <0.001 1.24 (1.11–1.40) <0.001 
66–80 years 3.06 (2.85–3.29) <0.001 2.66 (2.34–3.01) <0.001 

Race 
White Reference  Reference  
Black 1.37 (1.27–1.48) <0.001 1.33 (1.16–1.52) <0.001 
Others 0.84 (0.76–0.94) 0.002 0.82 (0.67–0.99) 0.043 

Marital status 
Married Reference  Reference  
Not married 1.29 (1.23–1.36) <0.001 1.22 (1.11–1.34) <0.001 
Unknown 1.10 (0.95–1.29) 0.214 0.67 (0.48–0.93) 0.018 

Grade 
I Reference  Reference  
II 1.32 (1.22–1.43) <0.001 1.33 (1.11–1.58) 0.002 
III & IV 1.81 (1.67–1.97) <0.001 1.80 (1.50–2.15) <0.001 

T 
T1 Reference  Reference  
T2 1.50 (1.43–1.59) <0.001 1.37 (1.24–1.50) <0.001 

HoR 
Negative Reference  Reference  
Positive 0.71 (0.66–0.77) <0.001 0.71 (0.63–0.80) <0.001 
Unknown 0.88 (0.77–0.99) 0.038 0.61 (0.47–0.79) <0.001 

Node number of metastases 
1 Reference    
2 1.15 (1.08–1.22) <0.001   
3   Reference  
4   1.32 (1.19–1.47) <0.001 
5   1.37 (1.21–1.54) <0.001 

Axilla Surgery 
SLNB Reference  Reference  
ALND 1.02 (0.96–1.07) 0.539 0.73 (0.63–0.85) <0.001 

Chemotherapy 
Yes Reference  Reference  
No/Unknown 1.43 (1.34–1.52) <0.001 1.40 (1.23–1.60) <0.001 

Abbreviations: HoR, hormone receptor; IDC, invasive lobular carcinoma; ILC, 
invasive ductal carcinoma; OS, overall survival; T, primary tumor T stage. 
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patients with 3–5 sentinel node metastases were underrepresented. Be-
sides, the trials of MA.20 and EORTC 22922/10925 showed that the 
extended regional nodal irradiation (including internal mammary and 
medial supraclavicular lymph nodes) did not improve overall survival, 
although decreased breast-cancer recurrence [36,37]. 

We would like to acknowledge the limitations of our study and 
provide further suggestions. First, detailed information on radiation 
therapy, such as high-tangential or nodal irradiation, was not described 
in detail in the SEER database. However, the roles of specific radiation 
fields in the Z0011 results remain unclear. Second, the unbalanced 
baseline between the SLNB alone and ALND groups existed, and we 
conducted multivariate Cox analysis to avoid imbalance across the 
groups. Third, some important clinical and treatment-level information 
were unknown, including detailed adjuvant treatment and physical 
status. Fourth, the limitation of using OS as primary endpoint was that 
the selection bias might existed and the difference of regional control 
was neglected. In the future, better prediction methods and well- 
designed trials would be expected. Several nomograms were available 
to predict non-sentinel nodal involvement, which offers an approach 
other than completion ALND to guide subsequent treatment [6,23]. 
Ongoing trials may also address the controversy about the eligibility of 
omitting or selected ALND in different situations [38–40]. For example, 
SERC study, a multicenter randomized phase-3 trial, included Z0011 
non-eligible patients, of whom 43 patients had more than two involved 
sentinel nodes in the newest publication (20 in ALND arm vs 23 in only 
SLNB arm) [39]. These ongoing prospective randomized trials would 
unveil the importance of ALND for the Z0011 non-eligible patients. 

5. Conclusions 

Our research reported that the proportion of ALND omission 
increased for patients with sentinel node metastasis from 2000 to 2016. 
For T1-2 patients after lumpectomy and radiation, omitting ALND did not 
affect the long-term survival of 1–2 sentinel node metastasis patients but 
damaged the long-term survival of 3–5 node metastasis patients. It is 
worth noting that the proportion of omitted ALND quadrupled from 
2009 to 2016 for patients with 3–5 node metastasis. 
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