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Background: Individualized decisions are required in early-stage breast cancer patients. We aimed to 
establish a novel model for predicting non-sentinel lymph node (SLN) metastases in patients with positive 
SLNs, using preoperative and intraoperative characteristics and inflammatory indicators.
Methods: The data of 489 patients with invasive breast cancer were retrospectively collected from Xuanwu 
Hospital between 2014 and 2021. Among them, 96 patients with at least one positive SLN were used to 
build the predictive model. Univariate and multivariate analyses were performed to identify the risk factors 
of non-SLN metastases. A nomogram was developed using these risk factors and was validated by calibration 
curves. The area under the receiver operating characteristics curve (AUC) and decision curve analyses (DCA) 
were used to compare our novel nomogram with the Memorial Sloan Kettering Cancer Center (MSKCC) 
nomogram. Cross-validation was performed for further internal validation of the predictive model. External 
validation was conducted using another treatment group (n=46 patients) in Xuanwu Hospital.
Results: Non-SLN metastases occurred in 42 of the 83 patients with positive SLNs (50.6%). Multivariate 
stepwise logistic regression indicated that the risk factors were age (P=0.032), number of positive SLNs 
(P=0.020), number of negative SLNs (P=0.011), resected tumor size (P=0.038), and monocyte count 
(P=0.012). A predictive model was developed and virtualized by nomogram using these five risk factors. The 
AUC of our nomogram was 0.867, which was significantly higher than that of the MSKCC model. DCA 
also showed a superior clinical value for our novel nomogram. After 10-fold cross-validation with 400 times 
repetitions, the AUC of our model was still 0.830. External validation of our model showed an AUC of 0.727. 
The model was well-calibrated in the internal and external validation series.
Conclusions: A five-factor nomogram was developed for predicting non-SLN metastases in early-stage 
breast cancer patients. This novel tool exhibited good accuracy and could assist clinicians with intraoperative 
decisions in breast cancer patients with positive SLNs.
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Introduction

Axillary lymph node status is a key prognostic factor 
affecting overall survival (OS) in breast cancer patients (1).  
In the past, 60% of breast patients staged N0 after 
routine axillary lymph node dissection (ALND), and 
several complications frequently occurred following 
ALND, including lymphedema, neuralgia, as well 
as limited movement in the shoulder and arm (2,3). 
Therefore, identifying patients who require ALND is 
necessary. Sentinel lymph node biopsy (SLNB), which was 
recommended by the National Comprehensive Cancer 
Network (NCCN), has been widely confirmed as a standard 
procedure for patients without positive SLNs instead of 
ALND (4,5).

Following the development of adjuvant therapy, the 
management of early breast cancer (cT1-2N0M0) entered 
a new era. The American College of Surgeons Oncology 
Group Z-0011 trial further changed the status of ALND. 
Early-stage patients with SLNB and standard adjuvant 
therapy, even if harboring a few involved sentinel lymph 
nodes (SLNs), could still obtain a favorable prognosis (6).  
Thus, patients with 1 to 2 SLN metastases who have 

undergone breast-conserving surgery and are scheduled to 
receive postoperative systemic therapy and radiation therapy 
would suffer less ALND and fewer complications. However, 
the necessity of complete ALND remains debatable in 
patients who receive total mastectomy and are willing to 
undergo radiotherapy or breast-conserving surgery with 
three or more SLN metastases. A tool to determine which 
patients cannot omit ALND may be needed, especially for 
patients who do not meet the Z-0011 trial criteria.

At present, only 50% of patients with positive SLNs have 
additional positive lymph nodes after complete ALND (2).  
These patients hardly benefit from complete ALND. 
Therefore, models have been developed to predict the risk 
of additional non-SLN metastases (7-9), among which 
the Memorial Sloan-Kettering cancer center (MSKCC) 
nomogram is the most representative (7). However, 
these models still have limitations. For instance, several 
postoperative pathologic characteristics were included in 
these nomograms, indicating that their use in intraoperative 
surgical volume decisions is difficult.

Inflammatory cells and mediators play a significant role 
in cancer progression, such as breast cancer (10). Recently, 
some combined inflammatory indicators have been reported 
to be associated with worse prognostic outcomes in various 
cancers (11). These inflammatory indicators have been 
applied to predict the recurrence, metastasis, prognosis, 
adjuvant therapy response, and molecular subtypes in 
breast cancer (12-16). A meta-analysis showed there were 
significant differences in the incidence of high levels of 
platelet-to-lymphocyte ratio (PLR) between patients with 
and without lymph nodes metastases [odds ratio (OR) 
=4.24, 95% confidence interval (CI): 2.73–6.59, Tau2<0.001, 
and I2=0.0%] (17). Yang et al. validated that the high level of 
PLR and vascular tumor thrombus are risk factors for SLN 
metastases (12). These inflammatory indicators may play an 
important role in the prediction of non-SLNs metastases.

The present study aims to develop and validate a 
nomogram based on the clinical characteristics and 
inflammatory indicators related to non-SLN metastasis to 
predict the risk of non-SLN metastases in patients with 
positive SLNs. This novel nomogram can help clinicians 
determine the extent of intraoperative resection in early 
breast cancer patients with positive SLNs. We present 
this article in accordance with the TRIPOD reporting 
checklist (available at https://gs.amegroups.com/article/
view/10.21037/gs-22-585/rc).

Highlight box

Key findings
• In this study, we developed and validated a nomogram based on 

the clinical characteristics and inflammatory indicators related 
to non-sentinel lymph node (non-SLN) metastasis to predict the 
risk of non-SLN metastases in early-stage breast cancer patients 
with positive SLNs. This nomogram showed high predictive 
performance for non-SLN metastases.

What is known and what is new? 
• Patients with 1–2 SLN metastases who have undergone breast-

conserving surgery and are scheduled to receive postoperative 
systemic therapy and radiation therapy do not require axillary 
lymph node dissection (ALND). 

• The nomogram used preoperative and intraoperative indicators 
instead of postoperative information, such as vascular cancer 
embolism, and maintained a high performance for the prediction 
of non-SLN metastases.

What is the implication, and what should change now? 
• The nomogram developed and validated in this study could assist 

clinicians in deciding whether to perform ALND in early-stage 
patients with positive SLNs regardless of whether they meet the 
Z-0011 trial criteria.

https://gs.amegroups.com/article/view/10.21037/gs-22-585/rc
https://gs.amegroups.com/article/view/10.21037/gs-22-585/rc
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Methods

Study population

The original study cohort included 489 patients with 
primary invasive breast cancer who underwent SLNB 
between December 2014 to August 2021 at Xuanwu 
Hospital, Capital Medical University. Our study population 
met the following criteria: (I) early-stage primary invasive 
breast carcinoma, stage cT1-2N0M0; (II) successful SLNB 
according to the fluorescence tracer and dye methods; 
(III) positive SLN intraoperatively; and (IV) completion 
of ALND with at least 10 nodes examined. Patients who 
received neoadjuvant chemo/radiotherapy treatment were 
excluded.

The validation cohort included patients from another 
treatment group in the same hospital during the same 
period, with the same inclusion criteria as the original 
series. A total of 46 patients were included in the external 
validation of the performance of the predictive tool.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethics Committee of Xuanwu Hospital, 
Capital Medical University [No. (2020)009]. Individual 
consent for this retrospective analysis was waived, and the 
patient data were kept confidential.

SLNB procedure

SLNB was performed intraoperatively with a fluorescence 
tracer and nano-carbon dye. Before surgery, the nano-
carbon dye was injected around the areola of the breast. 
After sterilization of the operating area, indocyanine green 
was injected into the subareolar tissue. After 2 to 5 minutes 
of massage, subcutaneous lymphatic drainage was observed 
on fluorescent images. Lymph nodes that were fluorescent 
or stained with the dye were accepted as SLNs.

The frozen SLN tissue was examined by hematoxylin 
and eosin (H&E) staining intraoperatively. Subsequently, 
complete ALND was performed on patients with positive 
SLNs. Postoperatively, routine H&E analysis was 
conducted for the remaining SLNs tissues and all additional 
nodes identified by ALND.

Measure of the tumor size

The resected tumor size was defined according to the widest 
diameter of the largest tumor, and the maximum section 
width was measured using calipers during the operation. 

The tumor size on ultrasound (US) and the pathologic 
tumor size were reported by authoritative ultrasonographers 
and pathologists.

Detection of inflammatory indicators in peripheral blood

Peripheral blood samples were collected before surgery, 
and the number of lymphocytes, neutrophil-to-lymphocyte 
ratio (NLR), PLR, systemic inflammation response index 
(SIRI), systemic immune-inflammation index (SII), and 
lymphocyte-to-monocyte ratio (LMR) were calculated 
according to the preoperative blood routine examination 
results.

Data processing

This was a retrospective study, and data were collected from 
the electronic medical record. Univariate analysis and the 
forward stepwise likelihood ratio method were applied to 
reduce the included independent variables to obtain stable 
regression coefficients in the logistic regression.

For the continuous variables, we excluded independent 
variables with extreme and missing values, preventing 
interference with the results. Furthermore, due to the study 
grouping, blinding for study subjects and medical staff was 
not available. Thus, we also excluded sensitive information, 
ensuring that the statistical analysts were blinded.

Statistical methods

A univariate analysis was performed to determine the risk 
factors associated with non-SLN metastases in patients with 
positive SLNs. The chi-square test or Fisher’s exact test was 
used for categorical variables, and the continuous variables 
were analyzed by Student’s t-test or the Mann-Whitney U 
test, as appropriate.

To identify the predictive factors of non-SLN metastases, 
all variables with a P value <0.1 in the univariate analysis 
were analyzed by multivariable logistic regression, 
using a forward stepwise likelihood ratio method. Only 
preoperative and intraoperative variables were considered 
in our regression. A nomogram model for analyzing the 
risk of non-SLN metastases was created based on the 
R package “rms” (version 6.2-0; Frank E. Harrell Jr,  
Email: fh@fharrell.com). The length of the line in the 
nomogram reflected the contribution of each factor to 
non-SLN metastases. The risk score was calculated via 
the R package “nomogramFormula” (version 1.2.0.0; 
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Jing Zhang, Email: zj391120@163.com). The calibration 
curve was used to examine the predictive capability of the 
nomogram. The goodness-of-fit of the nomogram model 
was evaluated with the Hosmer-Lemeshow test using the R 
Package “ResourceSelection” (version 0.3-5; Peter Solymos,  
Email: solymos@ualberta.ca).

The nomogram model was then constructed. The 
accuracy of the models was measured using the area under 
the receiver operating characteristic (ROC) curve (AUC) 
with the R Package “pROC” (version 1.17.0.1; Xavier 
Robin, Email: pROC-cran@xavier.robin.name). The 
likelihood of non-SLN metastasis in the MSKCC model 
was obtained based on an online calculation tool (http://
www.nomograms.org). The clinical decision value between 
the nomogram and MSKCC models was compared by 
decision curve analysis (DCA) using the R Package “rmda” 
(version 1.6; Marshall Brown, Email: mdbrown@fredhutch.
org). The population prevalence of this case-control study 
was set to 50% based on previous research (2). A 10-fold 
cross-validation with 400 times repetitions was performed 
for training and testing our model caret via the R Package 
“caret” (version 6.0-88; Max Kuhn, Email: mxkuhn@gmail.
com). Validation data were calculated by the nomogram, 
and its accuracy was expressed by the AUC.

Data analyses were performed using R software (version 
4.4.1, R Foundation for Statistical Computing). In this 
study, a two-sided P value <0.05 was considered statistically 
significant.

Results

Patient characteristics

The original cohort enrolled 489 female breast cancer 
patients who underwent SLNB between December 2014 
and August 2021. Among them, 96 patients (19.6%) were 
diagnosed as having positive SLNs during operation, 
including one patient with micrometastasis. The false 
negative rate in the frozen section was 0.41%, and two 
patients were reoperated after intraoperative false negative. 
Based on the exclusion criteria, a total of 83 patients were 
included in this study, and non-SLN metastases were 
observed in 42 of these patients (50.6%). The mean age of 
the patients was 56.4 (range, 33–87) years. The median size 
of the tumor was 2.00 (range, 1.50–2.65) cm. The average 
number of removed SLNs per single patient was 3±1.33. 
The clinical characteristics of the original and validation 
cohorts are presented in Tables 1,2. All of the patients were 
Chinese women.

Univariate and multivariate analyses and identification of 
risk factors

Univariate analysis demonstrated that ten variables were 
associated with non-SLN metastases, including age, 
type of surgery, number of positive SLNs, number of 
negative SLNs, resected tumor size, pathologic tumor size, 
lymphovascular invasion (LVI), SIRI, LMR, and monocyte 
count (all P<0.1, Table 1). The postoperative variables were 
excluded from the filtered variables. In the multivariable 
logistic regression analysis, age [odds ratio (OR) =0.171; 
95% confidence interval (CI): 0.034 to 0.859; P=0.032], 
number of positive SLNs (OR =5.067; 95% CI: 1.290 to 
19.91; P=0.020), number of negative SLNs (OR =0.550; 
95% CI: 0.347 to 0.871; P=0.011), resected tumor size (OR 
=2.477; 95% CI: 1.052 to 5.830; P=0.038), and monocyte 
count (OR =1.009; 95% CI: 1.002 to 1.016; P=0.012) were 
associated with non-SLN metastases (Table 3).

Development and evaluation of nomogram

As shown in Figure 1, a nomogram model named five-factor 
was developed. The calibration curve was generated by 1,000 
times resample via the bootstrap method for predicting 
the value of the nomogram for non-SLN metastases. The 
calibration curve exhibited good consistency between the 
actual observation and predicted probability (Figure 2). 
The Hosmer-Lemeshow test also showed non-significant 
goodness of fit in the nomogram (Chi-square =8.224, 
P=0.412).

Validation of the nomogram model

The ROC curves were drawn in Figure 3. The five-factor 
model achieved an AUC of 0.867 (95% CI: 0.788–0.945, 
Table 4), whereas that of the MSKCC model was 0.754 (95% 
CI: 0.646–0.862, Table 4).

The DCA of the models was drawn in Figure 4. The 
net benefit was defined as the benefit of true positives 
minus the harm of false positives (18). The risk threshold 
was a reference for treatment decisions, above which 
ALND would be performed. The model with a gray line 
represented that all patients would undergo ALND, while 
that with a black line represented that all patients would 
not undergo ALND. DCA showed high net benefits in 
both models among almost all threshold probabilities. The 
five-factor model exhibited a better clinical effect than the 
MSKCC model.

To validate the nomogram model, we used 10-fold 

http://www.baidu.com/link?url=hglTQFdDSWZ5a7WWbx6PsQVTY_YMHziJMJlbiR4P9gvszgyYtJm2LL1JRkzwq0AbPB3m3vFkLSCLGzFjBSdc9XE-I-B7T0Juv4amZYIn_tC
http://www.baidu.com/link?url=hglTQFdDSWZ5a7WWbx6PsQVTY_YMHziJMJlbiR4P9gvszgyYtJm2LL1JRkzwq0AbPB3m3vFkLSCLGzFjBSdc9XE-I-B7T0Juv4amZYIn_tC
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Table 1 The clinicopathologic characteristics of patients in the original cohort and risk factors in univariate analysis

Variables
Non-SLN

All patients (n=83) P value
Negative (n=41) Positive (n=42)

Age (years) 0.098

≤65 29 (70.7) 36 (85.7) 65 (78.3)

>65 12 (29.3) 6 (14.3) 18 (21.7)

BMI (kg/m2) 25.00±4.24 24.21±3.05 24.59±3.67 0.221

Type of surgery 0.006

Breast conserving surgery 17 (41.5) 6 (14.3) 23 (27.7)

Mastectomy 24 (58.5) 36 (85.7) 60 (72.3)

Tumor size in US (cm) 1.90 (1.50, 2.20) 1.80 (1.40, 2.50) 1.85 (1.50, 2.35) 0.863

Clinical T stage 0.291

1 28 (53.8) 13 (41.9) 41 (49.4)

2 24 (46.2) 18 (58.1) 42 (50.6)

No. of positive SLN 1.0 (1.0, 1.0) 1.0 (1.0, 2.0) 1.0 (1.0, 2.0) 0.002

No. of negative SLN 2.0 (1.0, 3.0) 1.0 (0.0, 2.0) 1.0 (0.0, 2.0) 0.000

No. of positive non-SLN – 4.5 (1.0, 9.0) – –

Resected positive SLN size (cm) 1.48±0.52 1.58±0.60 1.53±0.56 0.399

Resected tumor size (cm) 2.00 (1.80, 2.50) 2.50 (2.10, 3.30) 2.20 (1.80, 3.00) 0.004

Pathologic tumor size (cm) 1.80 (1.50, 2.10) 2.00 (1.60, 3.00) 2.00 (1.50, 2.65) 0.071

Histopathological grade 0.645

Ductal, II 32 (78.0) 29 (69.0) 61 (73.5)

Ductal, III 6 (14.6) 9 (21.4) 15 (18.1)

Other 3 (7.3) 4 (9.5) 7 (8.4)

Multifocal 0.971

No 37 (90.2) 38 (90.5) 75 (90.4)

Yes 4 (9.8) 4 (9.5) 8 (9.6)

LVI 0.086

No 29 (70.7) 22 (52.4) 51 (61.4)

Yes 12 (29.3) 20 (47.6) 32 (38.6)

ER status 0.591

No 3 (7.3) 1 (2.4) 4 (4.8)

Yes 38 (92.7) 41 (97.6) 79 (95.2)

PR status 0.591

No 6 (14.6) 8 (19.0) 14 (16.9)

Yes 35 (85.4) 34 (81.0) 69 (83.1)

Table 1 (continued)
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cross-validation with 400 times repetitions internally. The 
AUC of the five-factor nomogram model was still 0.830, 
indicating a stable predictive effect.

Each patient’s information from the external validation 
cohort was calculated using the five-factor nomogram to 
validate the predictive model. The ROC and calibration 
curves are displayed in Figure 5. The external validation 
AUC was 0.727 (95% CI: 0.5763–0.8779, Table 4), and the 
consistency between the actual observation and predicted 
probability was good. The accuracy of the prediction in 
patients who did not meet the criteria of the Z-0011 trial 
was also evaluated; the ROC curve and calibration curves 
are shown in Figure 6, and the AUC was 0.828 (95% CI: 
0.7405–0.9154, Table 4).

Discussion

After a series of clinical trials, SLNB has already replaced 
ALND as the standard procedure for patients with negative 
SLNs (4,19). With the increasing application of SLNB, 
scholars are paying more attention to patients with one 
or more positive SLNs. Among these patients, 53% 
have additional axillary non-SLN metastases, based on 
the findings of a large meta-analysis (2). This means the 
remaining patients undergo unnecessary ALND, without 
therapeutic benefit. A recent large study also validated that 
the 10-year OS for patients treated with SLNB alone was 
non-inferior to those treated with ALND, among women 
with early-stage invasive breast cancer with 1 or 2 SLN 

Table 1 (continued)

Variables
Non-SLN

All patients (n=83) P value
Negative (n=41) Positive (n=42)

Her-2 0.722

No 28 (80.0) 26 (76.5) 54 (78.3)

Yes 7 (20.0) 8 (23.5) 15 (21.7)

Ki-67 25.0 (15.0, 30.0) 30.0 (20.0, 30.0) 25.0 (15.0, 30.0) 0.488

History of menopause 0.415

No 14 (34.1) 18 (42.9) 32 (38.6)

Yes 27 (65.9) 24 (57.1) 51 (61.4)

Family history of breast cancer 1.000

No 38 (92.7) 38 (90.5) 76 (91.6)

Yes 3 (7.3) 4 (9.5) 7 (8.4)

NLR 1.76 (1.29, 2.30) 1.79 (1.47, 2.24) 1.78 (1.35, 2.30) 0.348

PLR 125.00 (103.48, 149.15) 131.50 (109.54, 162.14) 131.31 (107.29, 159.64) 0.729

SIRI, ×109/L 0.48 (0.39, 0.69) 0.64 (0.42, 0.81) 0.54 (0.39, 0.77) 0.069

SII, ×109/L 436.65 (286.78, 551.88) 421.47 (347.44, 604.30) 429.06 (317.89, 580.67) 0.461

LMR 6.59 (5.26, 7.51) 5.47 (4.13, 7.04) 5.91 (4.50, 7.29) 0.047

Platelet count 246.0 (201.5, 283.0) 238.0 (212.0, 279.0) 245.0 (206.0, 286.0) 0.757

Neutrophil count 3.09 (2.63, 3.98) 3.34 (2.91, 4.13) 3.25 (2.65, 4.06) 0.337

Lymphocyte count 1.86 (1.45, 2.42) 1.83 (1.42, 2.00) 1.83 (1.43, 2.31) 0.582

Monocyte count 0.29 (0.26, 0.34) 0.32 (0.27, 0.44) 0.31 (0.26, 0.38) 0.048

Values are presented as n (%) or mean ± SD or median (Q1, Q3). SLN, sentinel lymph node; BMI, body mass index; US, ultrasound; LVI, 
lymphovascular invasion; ER, estrogen-receptor; PR, progesterone receptor; Her-2, human epidermal growth factor receptor 2; NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SIRI, systemic inflammation response index; SII, systemic immune-
inflammation index; LMR, lymphocyte-to-monocyte ratio; SD, standard deviation. 

http://www.baidu.com/link?url=hglTQFdDSWZ5a7WWbx6PsQVTY_YMHziJMJlbiR4P9gvszgyYtJm2LL1JRkzwq0AbPB3m3vFkLSCLGzFjBSdc9XE-I-B7T0Juv4amZYIn_tC
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Table 2 The clinicopathologic characteristics of patients in the validation cohort and risk factors in univariate analysis

Variables
Non-SLN

All patients (n=46)
Negative (n=27) Positive (n=19)

Age (years)

≤65 22 (81.5) 15 (78.9) 37 (80.4)

>65 5 (18.5) 4 (21.1) 9 (19.6)

BMI (kg/m2) 26.03±4.58 25.23±3.56 25.70±4.16

Type of surgery

Breast conserving surgery 8 (29.6) 6 (31.6) 14 (30.4)

Mastectomy 19 (70.4) 13 (68.4) 32 (69.6)

Tumor size in US (cm) 2.00 (1.80, 2.30) 2.00 (1.50, 2.60) 2.00 (1.60, 2.30)

Clinical T stage

1 14 (51.9) 10 (52.6) 24 (52.2)

2 13 (48.1) 9 (47.4) 22 (47.8)

No. of positive SLN 1.0 (1.0, 1.0) 2.0 (1.0, 3.0) 1.0 (1.0, 2.0)

No. of negative SLN 3.0 (2.0, 4.0) 2.0 (1.0, 3.0) 2.5 (2.0, 4.0)

No. of positive non-SLN – 2.0 (1.0, 4.5) –

Resected tumor size (cm) 2.3 (1.8, 3.0) 2.5 (2.0, 3.0) 2.40 (2.00, 3.00)

Pathologic tumor size (cm) 2.0 (1.6, 2.5) 2.3 (1.6, 3.2) 2.05 (1.60, 2.50)

Histopathological grade

Ductal, II 23 (85.2) 17 (89.5) 40 (87.0)

Ductal, III 1 (3.7) 2 (10.5) 3 (6.5)

Other 3 (11.1) 0 (0.0) 3 (6.5)

Multifocal

No 24 (88.9) 19 (100.0) 43 (93.5)

Yes 3 (11.1) 0 (0.0) 3 (6.5)

LVI

No 19 (70.4) 6 (31.6) 25 (54.3)

Yes 8 (29.6) 13 (68.4) 21 (45.7)

ER status

No 2 (7.4) 1 (5.3) 3 (6.5)

Yes 25 (92.6) 18 (94.7) 43 (93.5)

PR status

No 2 (7.4) 0 (0.0) 2 (4.3)

Yes 25 (92.6) 19 (100.0) 44 (95.7)

Table 2 (continued)
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Table 2 (continued)

Variables
Non-SLN

All patients (n=46)
Negative (n=27) Positive (n=19)

Her-2

No 21 (87.5) 15 (83.3) 36 (85.7)

Yes 3 (12.5) 3 (16.7) 6 (14.3)

Ki-67 30.0 (15.0, 40.0) 25.0 (10.0, 40.0) 30.0 (15.0, 40.0)

History of menopause

No 9 (33.3) 7 (36.8) 16 (34.8)

Yes 18 (66.7) 12 (63.2) 30 (65.2)

Family history of breast cancer

No 26 (96.3) 18 (94.7) 44 (95.7)

Yes 1 (3.7) 1 (5.3) 2 (4.3)

NLR 2.23 (1.68, 2.42) 1.64 (1.29, 2.39) 1.99 (1.38, 2.41)

PLR 121.37 (91.23, 176.65) 124.34 (94.88, 187.08) 122.86 (94.88, 176.65)

SIRI, ×109/L 0.70 (0.49, 0.91) 0.48 (0.31, 0.86) 0.64 (0.43, 0.86)

SII, ×109/L 459.39 (302.12, 691.08) 383.32 (293.30, 638.15) 419.15 (299.08, 674.79)

LMR 5.45 (4.51, 6.30) 5.97 (4.82, 11.27) 5.46 (4.60, 7.17)

Platelet count 223.0 (177.0, 293.0) 247.0 (202.0, 286.0) 242.50 (191.0, 289.0)

Neutrophil count 3.81 (2.53, 4.57) 3.37 (2.42, 4.52) 3.74 (2.53, 4.52)

Lymphocyte count 1.7 (1.45, 1.97) 1.79 (1.54, 2.71) 1.75 (1.54, 2.16)

Monocyte count 0.33 (0.27, 0.40) 0.30 (0.22, 0.44) 0.31 (0.25, 0.40)

Values are presented as n (%) or mean ± SD or median (Q1, Q3). SLN, sentinel lymph node; BMI, body mass index; US, ultrasound; LVI, 
lymphovascular invasion; ER, estrogen-receptor; PR, progesterone receptor; Her-2, human epidermal growth factor receptor 2; NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SIRI, systemic inflammation response index; SII, systemic immune-
inflammation index; LMR, lymphocyte-to-monocyte ratio; SD, standard deviation.

Table 3 Binary logistic regression analysis using the forward stepwise likelihood ratio method

Variables Coefficient Standard error Wald P value Odds ratio (95% CI)

Age (>65 years) −1.765 0.823 4.599 0.032 0.171 (0.034 to 0.859)

No. of positive SLN 1.623 0.698 5.403 0.020 5.067 (1.290 to 19.91)

No. of negative SLN −0.598 0.235 6.492 0.011 0.550 (0.347 to 0.871)

Resected tumor size 0.907 0.437 4.31 0.038 2.477 (1.052 to 5.830)

Monocyte count 0.009 0.004 6.327 0.012 1.009 (1.002 to 1.016)

Constant −4.075 1.909 4.557 0.033 0.017

CI, confidence interval; SLN, sentinel lymph node.

http://www.baidu.com/link?url=hglTQFdDSWZ5a7WWbx6PsQVTY_YMHziJMJlbiR4P9gvszgyYtJm2LL1JRkzwq0AbPB3m3vFkLSCLGzFjBSdc9XE-I-B7T0Juv4amZYIn_tC
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metastases (20). These trials confirmed that we may have 
a chance at further reducing the application of ALND for 
patients without additional non-SLN metastases.

Although several predictive models have aimed to 
evaluate the risk of non-SLN metastases, postoperative 
factors, including pathological tumor size, LVI, and 
histologic grade, were always included in these models  
(7-9,21,22). Among these, the nomogram developed by 
the MSKCC was the representative model, which has been 
verified in different countries (22-26). In our present study, 
a five-factor nomogram model was constructed to guide 
intraoperative decisions, based on a comparison with the 
MSKCC model and model validation.

According to the ROC curves, both the five-factor 
model and the MSKCC model exhibited a high predictive 

Figure 1 Nomogram for predicting non-sentinel lymph node metastases in early breast cancer patients with positive sentinel lymph nodes. 
For each patient, five lines were drawn upward to determine the points received from the five predictors in the nomogram. The sum of these 
points is located on the ‘Total Points’ axis. SLN, sentinel lymph node; MONO, monocyte count. 

Figure 2 Calibration curve for the five-factor nomogram, which 
shows excellent goodness-of-fit. 
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Figure 4 Decision curves of the five-factor nomogram and the 
MSKCC model. The x-axis represents the threshold probabilities, 
and the y-axis measures the net benefit calculated by adding the 
true positives and subtracting the false positives. The horizontal line 
along the x-axis assumes that non-sentinel lymph node metastases 
occurred in no patients, whereas the gray line assumes that all 
patients will have non-sentinel lymph node metastases at a specific 
threshold probability. The red line represents the net benefit of 
using the five-factor nomogram, while the blue line represents 
the MSKCC model. MSKCC, Memorial Sloan Kettering Cancer 
Center; ALND, axillary lymph node dissection.

Figure 3 ROC curve for predicting non-sentinel lymph node metastases by the five-factor nomogram (A) and the MSKCC model (B). 
AUC, area under the receiver operating characteristics curve; MSKCC, Memorial Sloan Kettering Cancer Center; ROC, receiver operating 
characteristic. 

Table 4 Area under the ROC curve

Model AUC 95% CI Sensitivity Specificity

Five-factors 0.867 0.788 to 0.945 0.900 0.786

MSKCC 0.754 0.646 to 0.862 0.925 0.595

External validation 0.727 0.576 to 0.878 0.556 0.895

All without Z-0011 0.828 0.741 to 0.915 0.881 0.682

All without Z-0011, the patients in original and validation cohort who do not meet the criteria of the Z-0011 trial. ROC, receiver operating 
characteristic; AUC, area under the receiver operating characteristics curve; CI, confidence interval; MSKCC, Memorial Sloan Kettering 
Cancer Center.

capability. The AUC of the MSKCC model was 0.754, 
which was close to the original MSKCC result of 0.75, 
which reflected the general adaptability of the model (7). 
Our five-factor model had a high AUC of 0.867, higher 
than that of the MSKCC model and other previous models. 
Thus, we explored the clinical value of the two models. 
DCA showed more value by examining model performance 
when there is no consensus regarding the risk threshold of 
non-SLN metastases (27). Compared with the MSKCC 
model, our nomogram had a better performance across a 
range of plausible risk thresholds and can be applied for 
intraoperative decision-making. After further internal cross-
validation and external validation, the five-factor nomogram 
was confirmed as a reliable tool for intraoperatively 
predicting the likelihood of non-SLN metastasis in patients 
with positive SLNs.

The number of positive and negative SLNs were 
powerful predictive risk factors, which were included in 
nearly all previously published models (7-9,21,22). In our 
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Figure 5 ROC curve (A) and calibration curve (B) for the external validation cohort. AUC, area under the receiver operating characteristics 
curve; ROC, receiver operating characteristic.

Figure 6 ROC curve (A) and calibration curve (B) for all of the patients who did not meet the Z-0011 trial criteria. AUC, area under the 
receiver operating characteristics curve; ROC, receiver operating characteristic.

nomogram, the number of positive SLNs contributed 
significantly based on the length of the line in Figure 1. 
Age was also included in previous models as a protective 
predictor, which is consistent with our findings (21,22). In 
this study, age was divided into two groups based on the 
following reasons. On the one hand, neither age >50 years 
nor menopause status was confirmed as an independent 
predictor of non-SLN metastases in the previous models 
(21,22,28). On another hand, older patients would hardly 
tolerate ALND and its adverse effects, and omitting ALND 
may not affect their OS benefits. In our model, the size of 
the resected tumor was chosen as a predictive factor, instead 
of the pathological tumor size. It is easy for the resected 

size to be obtained intraoperatively, compared with the 
pathological size. We observed no significant differences in 
the resected positive SLN size. The accidental omission of 
micrometastasis in the frozen section was acceptable.

Local immune response and systemic inflammatory 
response contribute to tumor growth, invasion, and 
metastasis (29). The indicators in peripheral blood have 
been shown to reflect the inflammatory conditions of tumor 
cells (30). In this study, the LMR and monocyte count 
were statistically significant. LMR was calculated using 
the lymphocyte and monocyte counts [lymphocyte count/
monocyte count (LMR)]. Lymphocytes play a critical role in 
tumor immune surveillance and anti-tumor effects (31-33).  
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As for monocytes, different subpopulations may play 
opposite roles. Monocytes and macrophages are typically 
the first line of defense against tumor cells (34). However, 
once tumor cells escape the immune machinery, these cells 
turn to promote tumorigenesis and tumor progression (10).  
Goto et al. also found that the ratio of lymphocytes to 
monocytes is a protective prognostic factor for breast cancer 
patients (35). However, the mechanism through which the 
ratio of these indicators may impact breast cancer prognosis 
remains unclear. We hypothesized further amplifying 
the inflammatory response’s impact by calculating this 
ratio. From this point of view, the ratio of the indicators 
was predicted to be associated with metastasis. Various 
combinations of inflammatory indicators in peripheral 
blood may be novel tumor markers. The inflammatory 
indicators in peripheral blood could provide a cheap and 
simple method for breast cancer prognostication.

Several limitations to our study should be noted. Firstly, 
some potential factors may not have been discovered owing 
to the sample size, and further research with a larger sample 
size is needed. Secondly, the nomogram is merely an initial 
exploration with validation. We plan to begin multi-center 
external verifications to support the accuracy of our model. 
Thirdly, although the number of positive SLNs was the 
most powerful predictor, the nomogram could not be used 
if no SLNs are removed.

Conclusions

At present, there seems to be a tendency to omit ALND in 
early-stage breast cancer patients. We developed a novel 
nomogram for predicting non-SLN metastases in early-
stage patients using preoperative and intraoperative factors. 
This nomogram model could assist clinicians to decide 
whether to perform ALND in early-stage breast cancer 
patients with positive SLNs.
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