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Background: Lymph node status is an important factor in determining the prognosis of early-stage breast
cancer. We endeavored to build and validate a simple nomogram to predict lymph node metastasis (LNM) in
patients with early-stage breast cancer.

Methods: Patients with T'1-2 and non-metastasis (MO) breast cancer registered in the Surveillance,
Epidemiology, and End Results (SEER) database were enrolled. All patients were divided into primary
cohort and validation cohort in a 2:1 ratio. In order to assess risk factors for LNM, we performed univariate
and multivariate binary logistic regression, and based on results of multivariable analysis, we built the
predictive nomogram model. The C-index, receiver operating characteristic (ROC) and calibration plots
were applied to assess LNM model performance. Moreover, the nomogram efficiency was further validated
through the validation cohort, part of which was from the First Affiliated Hospital of Nanjing Medical
University database.

Results: Totally, 184,531 female breast cancer with T1-2 tumor size from SEER database and 1,222
patients from the Chinese institutional data were included. There were 123,019 patients in the primary
cohort and 62,734 patients in validation cohort. The LNM nomogram was composed of seven features
including age at diagnosis, race, primary site, histologic type, grade, tumor size and subtype. The model
showed good discrimination, with a C-index of 0.720 [95% confidence interval (CI): 0.717-0.723] and good
calibration. Similar C-index was 0.718 (95% CI: 0.713-0.723) in validation cohort. Consistently, ROC
curves presented good discrimination in the primary cohort [area under the curve (AUC) =0.720] and the
validation set (AUC =0.718) for the LNM nomogram. Calibration curve of the nomogram demonstrated
good agreement.

Conclusions: With the prediction of novel validated nomogram for women with early-stage breast cancer,
doctors may distinguish patients with high possibility of LNM and devise individualize treatments.
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Introduction

As the cancer with the first morbidity and the second
mortality among women worldwide, breast cancer has
always remained a key field of cancer research (1). With
the development of medical image processing technology
and ultrasonic medicine, more and more breast cancer
patients could be diagnosed in early-stage (2,3). Effective
early treatments could significantly improve the prognosis
of patients with early-stage breast cancer. Lymph node
metastasis (LNM) status was recognized to be one of the
most important prognostic factors in determining the
stages and predicting the survival of invasive breast cancer
patients (4). Sentinel lymph node biopsy (SLNB) can
effectively assess axillary status in early clinically node-
negative breast cancer (5,6). SLNB was recommended as a
standard treatment/procedure for early-stage breast cancer
patients who did not have nodal metastases with lower rates
of morbidity and lymphedema than axillary lymph node
dissection (ALND) (7). However, there remains 4.6% to
16.7% false negative rates of SLNB (8,9). Therefore, an
appropriate prediction tool is urgently needed to evaluate
LNM risk.

Many studies so far have identified some
clinicopathologic features of the breast cancer as risk
factors that may predict the LNM risk, such as tumor
size, histologic grade, age of diagnosis, the status of
hormone receptor (HR) and human epidermal growth
factor receptor 2 (HER2) (10-12). A number of predictive
models have been developed, including nomograms
and scoring systems, which could combine statistically
significant factors (13-16). Nomogram model is a
kind of digital model characterized by the ability to
predict the probability of a result event individually
based on characteristics of patients and disease (17).
For example, preoperative nomograms estimating the
risk of positive surgical margins and LNM could help
clinicians identify patients who might benefit more from
more extensive surgery (13,18). Postoperative nomograms
estimating recurrence, cancer-specific survival, benefit of
adjuvant therapies and the effect of treatment on quality of
life might assist patients and physicians in making decision
in all aspects (19-21).

Herein, utilizing a huge population-based training
cohort derived from the Surveillance, Epidemiology, and
End Results (SEER) database, which contained 30 percent
or more American, we developed a nomogram to predict
LNM of T1 or T2 breast cancer patients, which was
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further confirmed by a validation cohort in which some
samples from a Chinese institutional database. We present
the following article in accordance with the TRIPOD and
STROBE reporting checklists (available at http://dx.doi.
org/10.21037/gs-20-782).

Methods
Patients

The patients were gathered from the SEER database
(SEER 18 registry database using SEER*Stat 8.3.6.1
software) according to the following criterions: female,
age at diagnosis (older than 20 years), year of diagnosis
(2010-2015), race, site recode (breast), primary site of
tumor, laterality, histological type, grade, American Joint
Committee on Cancer (AJCC) stage, tumor size (T'1-2),
all lymph node (LN) stages, without distant metastasis
(MO) and breast subtype. Patients had only one primary
breast cancer were included. And patients whose important
information was unknown or unavailable were excluded.
The flow chart for cases selection was shown in Figure 1.
Part of patients in validation set was comprised from the
First Affiliated Hospital of Nanjing Medical University for
medical records from June 2016 to June 2019 to identify
patients with histologically confirmed breast cancer.
Exclusion criteria included: (I) male gender; (II) tumor size
larger than 5 cm; (III) previous breast cancer history; (IV)
previous neoadjuvant therapy for breast carcinoma; (V)
bilateral breast cancer; (VI) with distant metastasis. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by the Ethical Committee of the First Affiliated Hospital
of Nanjing Medical University (No. 2019-SRFA-197) and

individual consent for this retrospective analysis was waived.

Statistical analysis

All patients from SEER were randomly divided into primary
cohort and validation cohort in a 2:1 ratio. And data from
the First Affiliated Hospital of Nanjing Medical University
was included in the validation cohort. We performed Chi
square test to examine the difference of demographics and
tumor characteristics between patients with positive LNM
or negative in primary cohort and validation one. Univariate
and multivariate binary logistic regression analysis were
performed to assess risk factors for LNM in early-stage
breast cancer in the primary cohort. Univariate analysis
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Patients diagnosed as breast cancer with T1-2 tumor size and had only one primary cancer between 2010 and
2015 in the SEER database (n=232,851)

Exclude

\4

Without positive histology (n=730)

Age younger than 20 years old (n=18)

Race unknown (n=1,787)

Primary site of tumor unknown or nipple (n=24,186)
Laterality status unknown or paired site (n=20)
Histological grade unknown (n=7,302)

Lymph nodes status unknown (n=770)

With distant metastasis (M1, n=3,634)

Breast cancer subtype unknown (n=9,260)
ER/PR/HER2 status unknown (n=613)

Study patients (n=184,531)

2:1

Institutional data (n=1,222)

Diagnosed from June 2016 to June 2019
Invasive breast cancer with T1-2 tumor size
without distant metastasis

Primary cohort (n=123,019)

Validation cohort (n=62,734)

Developed a nomogram for prediction of lymph nodes metastasis, and validation of the nomogram

Figure 1 Flow chart of the study selection. SEER, Surveillance, Epidemiology, and End Results; ER, estrogen receptor; PR, progesterone

receptor; HER2, human epidermal growth factor receptor 2.

incorporated all variables including age at diagnosis, race,
primary site of tumor, laterality, histological type, grade,
tumor size and subtype. And multivariate analysis included
variables with statistical significance in univariate analysis.
A nomogram was subsequently drawn according to the
regression coefficient of each variables that were statistically
significant in the multivariate analysis. Different variable
values can get corresponding different integrals on the
integration line at the top of the nomogram, then added the
points of all variables to get the total score. The predicted
risk of LNM can be obtained on the prediction line at the
bottom of the nomogram through the total point line.

The model performance was evaluated by the predictive
accuracy for individual outcomes (discriminating ability) and
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accuracy of point estimates of the LNM (calibration) (22).
To quantify the discrimination of the LNM nomogram,
Harrell’s C-index was measured. The receiver-operating
characteristic (ROC) curves and the areas under the ROC
curve (AUC) value were done to assess the sensitivity and
specificity of the LNM nomogram in the primary and
validation sets. The AUC value ranges from 0 to 1, and it is
generally accepted that a considerable discrimination values
of AUC is between 0.7 and 0.9; AUC values exceeding 0.9
represent good discrimination (23). Calibration curves were
used to evaluate the calibration of the LNM nomogram.
Bootstrap resampling (1,000 resamples) was used for this
plot. External validation was conducted by a data from
validation cohorts. Then the C-index and ROC curve of the
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validation group were derived on the basis of the regression
analysis.

Based on the nomogram model, we figured up the
total score of all patients and determined the best cut-
off point value by using Youden’s index (24). According to
the cut-off point, patients were divided into two groups in
both cohorts. Univariate logistic regression analysis was
performed using the total point as an independent factor.

The software IBM SPSS Statistics (version 25) and
the programming language R (version 3.6.1, http://www.
R-project.org) were applied to perform all statistical
analyses. All reported P values were two-sided, and
differences were considered statistically significant at
P<0.05.

Results

Characteristics of patients in primary and validation
coborts

The demographic and clinical characteristics of T'1-2 breast
cancer patients in primary and validation cohorts were
described in 7able 1 and details of the institutional data were
shown in Table S1. LNM was present in 32,512 of 123,019
patients (26.4%) in the primary set and 16,470 of 62,734
patients (26.3%) in the validation set. In the correlation
analysis, significant differences were detected in all variables
except laterality in the primary set. Patients with LNM
presented a higher percent of younger women (<40 years
old) and black person in both cohorts. Besides, patients
with positive LN tented to exhibit unfavorable prognostic
factors, such as worse differentiation (grade 3) and larger
tumor size (T2) (P<0.001, for two factors). We also found
that the primary site of breast cancer was significantly
related to LNM (P<0.001). Breast cancer subtype of HR'/
HER2" (LN positive 12.8% vs. LN negative 9.2%) and
HER2" (LN positive 5.4% vs. LN negative 3.4%) were
more common in patients with LNM in the primary cohort.

Independent significant factors in the primary cobort

Univariable logistic regression analysis found that age, race,
primary site of tumor, histological type, laterality, grade,
tumor size and breast cancer subtype were risk factors
for LNM in early breast cancer in the primary cohort.
Multivariable logistic regression analysis was performed to
further identify the seven variables mentioned above except
laterality were independent risk factors for LNM (Table 2).
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Compared with patients whose age at diagnosis was older
than 40 years old, patients diagnosed at other ages were
less prone to have positive LN [age: 4049, odds ratio (OR)
=0.814, P<0.001; age: 50-59, OR =0.693, P<0.001; age: 60—
69, OR =0.573, P<0.001; age: 270, OR =0.444, P<0.001].
We also found that the black patients were more likely to
occur LNM than white patients (OR =1.159, P<0.001). As
for the primary site of tumor, the site of inner quadrant (OR
=0.612, P<0.001) and overlapping (OR =0.865, P<0.001)
were less likely to have positive LN but the site of central
portion (OR =1.303, P<0.001) and axillary tail (OR =1.382,
P<0.001) were more apt to LNM, compared to outer
quadrant. Histological type also had influence to LNM.
Invasive ductal carcinoma was more prone to have LNM.
Besides, the patients who had higher tumor grade were
more likely to have positive LN (grade 2 vs. grade 1, OR
=1.740, P<0.001; grade 3 vs. grade 1, OR =2.119, P<0.001).
The rate of LNM in lager tumor size was higher than small
ones (T2 vs. T1, OR =3.464, P<0.001). In addition, the
results showed that triple-negative breast cancer (INBC)
(P<0.001) patients had lower LNM rate compared to HR"/
HER2™ patients. And compared with HR/HER2™ patients,
there was no significant difference in HR'/HER2" patients
(P=0.540). Same result was shown in HR/HER2" patients
(P=0.565).

Development of nomogram for LNM prediction

We next developed a nomogram combining the significant
predictive factors from the analysis of multiple factors
(Figure 2). Seven variables including age of diagnosis, race,
primary site of tumor, histological type, grade, tumor
size and breast cancer subtype were contained in the
nomogram. Besides, Tzble 3 exhibited the point assignments
and predictive scores for each variable in the nomogram
model. By calculating the total points for each variable, the
likelihood of LN positivity in a particular patient can be
predicted.

Performance and validation of nomogram for LNM
prediction

The calibration curve of the nomogram for the prediction
of LNM demonstrated good agreement in primary cohort
(Figure 3A) and validation cohort (Figure 3B). The C-index
for the predictive nomogram was 0.720 (95% CI: 0.717-
0.723) for the primary cohort, and similar C-index of 0.718
was found in the validation cohort. We performed ROC
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Table 1 Patients characteristics of the primary and validation cohort by lymph node status

Primary cohort (n=123,019) Validation cohort (n=62,734)
Characteristics Positive (N=32,512), Negative (N=90,507), , = Positive (N=16,470), Negative (N=46,264),
N (%) N (%) N (%) N (%)
Age of diagnosis (years) <0.001 <0.001
<40 2,675 (8.2) 3,506 (3.9) 1,328 (8.1) 1,821 (3.9)
40-49 6,974 (21.5) 14,062 (15.5) 3,586 (21.8) 7,379 (15.9)
50-59 8,958 (27.6) 22,444 (24.8) 4,572 (27.8) 11,388 (24.6)
60-69 7,888 (24.3) 25,982 (28.7) 3,963 (24.1) 13,226 (28.6)
=70 6,017 (18.5) 24,513 (27.1) 3,021 (18.3) 12,450 (26.9)
Race <0.001 <0.001
White 25,128 (77.3) 72,831(80.5) 12,480 (75.8) 36,469 (78.8)
Black 4,146 (12.8) 8,789 (9.7) 2,070 (12.6) 4,418 (9.5)
Others' 3,238 (10.0) 8,887 (9.8) 1,920 (11.7) 5,377 (11.6)
Primary site <0.001 <0.001
Outer quadrant 17,097 (52.6) 42,065 (46.5) 8,611 (52.3) 21,509 (46.5)
Inner quadrant 5,152 (15.8) 21,056 (23.3) 2,654 (16.1) 10,768 (23.3)
Central portion 1,967 (6.1) 3,749 (4.1) 1,109 (6.7) 1,955 (4.2)
Overlapping lesion 8,064 (24.8) 23,219 (25.7) 3,966 (24.1) 11,841 (25.6)
Axillary tail 232 (0.7) 418 (0.5) 130 (0.8) 191 (0.4)
Laterality 0.072 0.207
Left 16,347 (50.3) 46,034 (50.9) 8,275 (50.2) 23,509 (50.8)
Right 16,165 (49.7) 44,473 (49.1) 8,195 (49.8) 22,755 (49.2)
Histologic type <0.001 <0.001
IDC 26,070 (80.2) 69,659 (77.0) 13,297 (80.7) 35,966 (77.7)
ILC 2,484 (7.6) 6,997 (7.7) 1,170 (7.1) 3,522 (7.6)
Others 3,958 (12.2) 13,851 (15.3) 2,003 (12.2) 6,776 (14.6)
Grade <0.001 <0.001
1 4,419 (13.6) 26,138 (28.9) 2,175 (13.2) 13,102(28.3)
2 14,483 (44.5) 39,724 (43.9) 7,305 (44.4) 20,293 (43.9)
3 13,610 (41.9) 24,645 (27.2) 6990 (42.4) 12,869 (27.8)
Tumor size <0.001 <0.001
T1 (<2 cm) 13,907 (42.8) 67,779 (74.9) 7,245 (44.0) 34,831 (75.3)
T2 (2-5 cm) 18,605 (57.2) 22,728 (25.1) 9,225 (56.0) 11,433 (24.7)
ER <0.001 <0.001
Positive 26,475 (81.4) 76,732 (84.8) 13,466 (81.8) 39,100 (84.5)
Negative 6,037(18.6) 13,775 (15.2) 3,004 (18.2) 7,164 (15.5)

Table 1 (continued)
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Primary cohort (n=123,019)

Validation cohort (n=62,734)

Characteristics

Positive (N=32,512), Negative (N=90,507),

Positive (N=16,470), Negative (N=46,264),

N (%) N (%) P value N (%) N (%) P value
PR <0.001 <0.001
Positive 23,251 (71.5) 67,971 (75.1) 11,726 (71.2) 34,608 (74.8)
Negative 9,261 (28.5) 22,536 (24.9) 4,744 (28.8) 11,656 (25.2)
HER2 <0.001 -
Positive 5,932 (18.2) 11,392 (12.6) 3,112 (18.9) 5,937 (12.8)
Negative 26,580 (81.8) 79,115 (87.4) 13,358 (81.1) 40,327 (87.2)
Subtype <0.001 <0.001
HR*/HER2" 22,683 (69.8) 69,291 (76.6) 11,476 (69.7) 35,260 (76.2)
HR*/HER2" 4,170 (12.8) 8,299 (9.2) 2,172 (13.2) 4,282 (9.3)
HER2" 1,762 (5.4) 3,093 (3.4) 940 (5.7) 1,655 (3.6)
TNBC 3,897 (12.0) 9,824 (10.9) 1,882 (11.4) 5,067 (11.0)

T, others includes American Indian, Alaskan native and Asian, Pacific Islander. IDC, infiltrating duct carcinoma; ILC, infiltrating lobular
carcinoma; ER, estrogen receptor; PR, progesterone receptor; HR, hormonal receptor; HER2, human epidermal growth factor receptor 2;

TNBC, triple-negative breast cancer.

analysis to verify the predictive values of the nomogram
model. The AUC values of the nomogram were 0.720
(95% CI: 0.716-0.723) and 0.718 (95% CI: 0.714-0.723),
respectively in the primary (Figure 44) and validation
cohorts (Figure 4B).

Stratifying patient risk based on the nomogram

We next summed all patient total points according the
LNM nomogram. Then we identified the best cut-off point
as 189 based on the Youden’s index in the primary cohort.
The patients were stratified into two groups: low risk group
(total point <189) and high-risk group (total point >189)
in both cohorts. Logistic regression analysis found that
patients in high-risk group were more prone to have LNM
than those in low-risk group (OR =4.126, P<0.001) in
primary cohort (Table 4). Same outcome was shown in the
validation cohort (OR =4.029, P<001).

Discussion

LNM is an important risk factor for the prognosis of breast
cancer, underscoring the importance of accurate nodal
status. We established and validated a nomogram based
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on clinic-pathologic signature for predicting LNM in
particular patient with T1-2 breast cancer. Incorporating
clinical risk factors into an easy-to-use nomogram promotes
the individualized prediction of total LNM in the small
breast cancer, thereby assisting doctors in formulating
suitable individual treatments.

Our study found that age at diagnosis, race, primary
site, histologic type, histologic grade, tumor size and tumor
subtype were related to LNM in T1-2 breast cancer.
Young breast cancer patients are a unique group, who are
usually characterized with more aggressive tumors and
worse prognosis (25). We also found that the risk of LN
involvement decreases with women’s age from youngest to
oldest. Younger patients (age <40 years old) were more likely
to have LNM than other age groups, and same results were
shown in other researches (14,26). Moreover, increasing
tumor histologic grade was significantly associated with
an increased risk of LNM. Tumor size showed a positive
correlation with the LN involvement. The incidence of
LNM was more presented in the larger tumor. Women
with a tumor size >2 cm had a significantly higher risk
of LN metastasis than those with tumor <2 c¢cm (27).
Race also had a significant influence on LNM. Blacks were
the most prone to LNM, followed by whites, and other
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Table 2 Risk factors for lymph node metastasis identified by univariate and multivariate logistic regression analysis in primary cohort

Univariate analysis Multivariate analysis

Variables
OR (95% ClI) P value OR (95% Cl) P value

Age, years <0.001 <0.001

<40 Reference Reference

40-49 0.650 (0.613-0.689) <0.001 0.814 (0.765-0.866) <0.001

50-59 0.523 (0.495-0.553) <0.001 0.693 (0.653-0.736) <0.001

60-69 0.398 (0.376-0.421) <0.001 0.573 (0.539-0.608) <0.001

>70 0.322 (0.304-0.341) <0.001 0.444 (0.418-0.473) <0.001
Race <0.001 <0.001

White Reference Reference

Black 1.367 (1.314-1.422) <0.001 1.159 (1.111-1.210) <0.001

Others' 1.056 (1.012-1.102) 0.012 0.900 (0.860-0.942) <0.001
Primary site <0.001 <0.001

Outer quadrant Reference Reference

Inner quadrant 0.602 (0.581-0.624) <0.001 0.612 (0.590-0.636) <0.001

Central portion 1.291 (1.219-1367) <0.001 1.303 (1.225-1.385) <0.001

Overlapping lesion 0.854 (0.828-0.881) <0.001 0.865 (0.837-0.894) <0.001

Axillary tail 1.366 (1.162-1.605) <0.001 1.382 (1.164-1.641) <0.001
Laterality 0.072

Left - - - -

Right - - - -
Histological type <0.001 <0.001

IDC Reference Reference

ILC 0.949 (0.904-0.995) 0.031 0.947 (0.889-0.998) 0.041

Others 0.764 (0.735-0.793) <0.001 0.818 (0.786-0.852) <0.001
Grade <0.001 <0.001

1 Reference Reference

2 2.157 (2.078-2.238) <0.001 1.740 (1.674-1.809) <0.001

3 3.226 (3.144-3.393) <0.001 2.119 (2.027-2.216) <0.001
Tumor size <0.001 <0.001

T Reference Reference

T2 3.990 (3.885-4.097) <0.001 3.464 (3.368-3.563) <0.001
Subtype <0.001 <0.001

HR*/HER2~ Reference Reference

HR*/HER2" 1.535 (1.475-1.598) <0.001 1.014 (0.970-1.060) 0.540

HER2* 1.740 (1.638-1.849) <0.001 1.020 (0.954-1.090) 0.565

TNBC 1.212 (1.164-1.261) <0.001 0.658 (0.628-0.690) <0.001

', others includes American Indian, Alaskan native and Asian, Pacific Islander. OR, odds ratio; Cl, confidence interval; IDC, infiltrating duct
carcinoma; ILC, infiltrating lobular carcinoma; HR, hormonal receptors; HER2, human epidermal growth factor receptor 2; TNBC: triple-
negative breast cancer.
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Table 3 Point assignments and predictive scores for each variable in

the nomogram model

Variables Classification Points
Age, years
<40 65
40-49 49
50-59 36
60-69 20
>70 0
Race
White 9
Black 20
Others' 0
Primary site
Outer quadrant 39
Inner quadrant 0
Central portion 61
Overlapping lesion 28
Axillary tail 66
Histology
IDC 16
ILC 12
Others 0
Grade
1 0
2 45
3 60
Tumor size
T 0
T2 100
Subtype
HR/HER2~ 34
HR*/HER2" 35
HER2* 35
TNBC 0

T, other includes American Indian, Alaskan native and Asian,
Pacific Islander. IDC, infiltrating duct carcinoma; ILC, infiltrating
lobular carcinoma; HR, hormonal receptors; HER2, human
epidermal growth factor receptor 2; TNBC, triple-negative breast

cancer.
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races (including American Indian, Alaskan native and Asian,
Pacific Islander) last.

Our study observed a lower frequency of LNM in inner
quadrant location tumors. The similar result was published
by another study (28). This was hypothesized to result from
increased lymphatic flow through the axillary nodes rather
than the internal mammary nodes as compared to more
medial tumors. However, others considered that tumors
from inner breast quadrants tend to have less favorable
prognosis (29,30). Their “hidden” nature makes physical
examination and imaging detection difficult, which leads to
under staging and undertreatment.

We discovered that HER2-positive tumors were
associated with more LN positivity than HER2-negative
tumors in primary cohort (18.2% wvs. 12.6%). Lu et al.
confirmed that the lowest probability of node metastasis
was in estrogen receptor (ER)/HER2™ cancers (31).
Similarly, in our study, triple negative tumors had the
lowest probability of LNM, while HR/HER2" tumors had
the highest probability, which was in agreement with the
findings of previous study (26). Reyal et /. hypothesized
that the process of axillary LNM was mainly related to
intrinsic biological characteristics in the ER/VHER2"
breast cancer subgroup, while tumor size, growth rate and
lympho-vascular invasion were the main determinants in
both the ER positive or the HER2 positive breast cancer
subgroups (32).

Compared with other researches, the present study was
the first to develop a simple nomogram to predict overall
LNM in T1-2 breast cancer patients using SEER database.
Previous studies had developed plentiful nomograms and
scoring models (13-16,33-36). Many models have focused
on calculating the risk of sentinel axillary node (14,15,35) or
additional non-sentinel node disease axillary LNs (13,34),
but few models predicted total LNM. Our nomogram can
be widely used with less limitation. The variables involved
in the nomogram were available before surgery. Our
model was developed form SEER database which contains
many centers in America. Moreover, our validation cohort
contained some patients from First Affiliated Hospital of
Nanjing Medical University. Few studies included race
as a risk factor in the prediction model, while our study
identified race as an independent risk factor for LNM.

We could discuss the clinical utility of our nomogram
in different scenarios. SLNB is widely accepted as a vital
method to make a reliable assessment of the axilla status
in early-stage breast cancer. However, SLNB success
decreased with increasing body mass, tumor location other
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Figure 2 Nomogram predicting the probability of positive lymph nodes. IDC, infiltrating duct carcinoma; ILC, infiltrating lobular

carcinoma; ER, estrogen receptor; PR, progesterone receptor; HR, hormonal receptor; HER, human epidermal growth factor receptor;

TNBC, triple-negative breast cancer.
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Figure 3 Calibration plot of the nomogram for the probability of positive lymph nodes in primary cohort (A) and validation cohort (B).

(bootstrap 1,000 repetitions).

than the upper outer quadrant and grade 3 tumors (37).
Our study also found that outer quadrant and grade 3 were
independent risk factors for LNM. Therefore, variable false-
negative rate of SLNB varied with patients with different
clinicopathologic features. What’s more, SLNB after new
adjuvant therapy (NAT) could increase false negative rates
and TNBC patients showed a significantly higher SLNB

© Gland Surgery. All rights reserved.

false negative rate than non-TNBC patients with NAT
before SLNB (38). Additionally, SLNB is still an invasive
procedure and could produce complications, including pain,
paraesthesia and lymphedema (39). Thus, incorporating
our prediction nomogram with other medical examination
results could help comprehend lymph status better. SLNB
might be exempted in patients who are predicted to have
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Figure 4 Receiver operating characteristic (ROC) curves representing the discriminatory ability of the nomogram in primary cohort (A) and

validation cohort (B). AUC, area under the curve; CI, confidence interval.

Table 4 Univariate logistic regression analysis of total points in predicting lymph nodes metastasis in primary cohort and validation cohort

Primary cohort

Validation cohort

Group

OR 95% ClI P value OR 95% Cl P value
Low risk Reference Reference
High risk 4.126 4.017-4.238 <0.001 4.029 3.881-4.183 <0.001

OR, odds ratio; Cl, confidence interval.

a lower possibility of LNM in the light of our nomogram.
Although validation studies have confirmed the satisfactory
precision of the previous models, their accuracy is often
reduced outside the centers of initial development (40). Our
validation cohort, however, contained some patients from a
Chinese institutional database. Few studies included race as
a risk factor in the prediction model, yet our study identified
race as an independent risk factor for LNM which indicated
that our nomogram could be used broadly.

One of the advantages of our study lied in the
considerable number of breast cancer patients in the SEER
database, which ensured the strength and objectivity of our
conclusions. Nevertheless, there are some shortcomings
in the present study that cannot be neglected. Frist of all,
our Chinese institutional data was relatively small, thus we
added these patients into the validation cohort, which could
cause some biases. And, most of the cases may depend on
the SEER data patients’ group because the number of our
institutional data was less compared with the SEER data

© Gland Surgery. All rights reserved.

patients. Second, the presence of lymphovascular invasion
(LVI) as an important predictor for LN involvement is well
accepted in the previous studies (41,42). However, our study
cannot obtain such vital information from SEER database.
Moreover, we could not tell whether patients had received
NAT or not in that NAT can modify lymphatic drainage
patterns due to fibrosis and downstage (43). In addition,
our study was a retrospective study, and election bias or
information bias can could be scarcely avoided.

Conclusions

We developed and validated a nomogram based on clinic-
pathologic signature to predict the LNM in individual
patients with small breast cancer. The AUC value of the
present nomogram for predicting LNM was 0.720, which
showed good performance for the evaluation of LN
status. Applying the nomogram to the validation cohort
still provided good discrimination. The calibration curve
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shows that the nomogram prediction is consistent with the
actual LN metastasis rate, which could assist doctors in
formulating suitable individual treatments.
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Table S1 Patients characteristics of the institutional data by lymph node status

Lymph node status

Characteristics

Total (N=1,222), N (%)

Positive (N=333), N (%) Negative (N=889), N (%)

Age, years

<40 47 (14.1) 97 (10.9) 144 (11.8)

40-49 116 (34.8) 283 (31.8) 399 (32.7)

50-59 88 (26.4) 260 (29.2) 348 (28.5)

60-69 62 (18.6) 180 (20.2) 242 (19.8)

>70 20 (6.0) 69 (7.8) 89 (7.3)
Race

Asian 333 (27.3) 889 (72.7) 1,222 (100.0)
Primary site

Quter quadrant 157 (47.1) 366 (41.2) 523 (42.8)

Inner quadrant 76 (22.8) 252 (28.3) 328 (26.8)

Central portion 39 (11.7) 75 (8.4) 114 (9.3)

Overlapping lesion 61 (18.3) 194 (21.8) 255 (20.9)

Axillary tail 0(0.0) 2(0.2) 2(0.2)
Laterality

Left 174 (52.3) 449 (50.5) 623 (51.0)

Right 159 (47.7) 440 (49.5) 599 (49.0)
Histologic type

IDC 326 (97.9) 863 (97.1) 1,189 (97.3)

ILC 0(0) 3(0.3) 3(0.2)

Others 7@2.1) 23 (2.6) 30 (2.5)
Grade

1 0(0.0) 17 (1.9) 17 (1.4)

2 159 (47.7) 453 (51.0) 612 (50.1)

3 174 (52.3) 419 (47.1) 593 (48.5)
Tumor size

T1 (<2 cm) 306 (91.9) 853 (96.0) 1,159 (94.8)

T2 (2-5 cm) 27 (8.1) 36 (4.0) 63 (5.2)
ER

Positive 274 (82.3) 673 (75.7) 947 (77.5)

Negative 59 (17.7) 216 (24.3) 275 (22.5
PR

Positive 234 (70.3) 574 (64.6) 808 (66.1)

Negative 99 (29.7) 315 (35.4) 414 (33.9)
HER2

Positive 73 (21.9) 178 (20.0) 251 (20.5)

Negative 260 (78.1) 711 (80.0) 971 (79.5)
Subtype

HR*/HER2~ 226 (67.9) 575 (64.7) 801 (65.5)

HR*/HER2" 49 (14.7) 102 (11.5) 151 (12.4)

HER2" 24 (7.2) 76 (8.5) 100 (8.2)

TNBC 34 (10.2) 136 (15.3) 170 (13.9)

IDC, infiltrating duct carcinoma; ILC, infiltrating lobular carcinoma; ER, estrogen receptor; PR, progesterone receptor; HR, hormonal

receptor; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer.
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