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Background: Lymph node metastasis of triple-negative breast cancer (TNBC) is essential
in treatment strategy formulation. This study aimed to build a nomogram that predicts
lymph node metastasis in patients with TNBC.

Materials and Methods: A total of 28,966 TNBC patients diagnosed from 2010 to 2017
in the Surveillance, Epidemiology and End Results (SEER) database were enrolled, and
randomized 1:1 into the training and validation sets, respectively. Univariate and
multivariate logistic regression analysis were applied to identify the predictive factors,
which composed the nomogram. The receiver operating characteristic curves showed the
efficacy of the nomogram.

Result:Multivariate logistic regression analyses revealed that age, race, tumor size, tumor
primary site, and pathological grade were independent predictive factors of lymph node
status. Integrating these independent predictive factors, a nomogram was successfully
developed for predicting lymph node status, and further validated in the validation set. The
areas under the receiver operating characteristic curves of the nomogram in the training
and validation sets were 0.684 and 0.689 respectively, showing a satisfactory
performance.

Conclusion: We constructed a nomogram to predict the lymph node status in TNBC
patients. After further validation in additional large cohorts, the nomogram developed here
would do better in predicting, providing more information for staging and treatment, and
enabling tailored treatment in TNBC patients.

Keywords: lymph node involvement, triple-negative breast cancer, nomogram, prediction, Surveillance,
Epidemiology and End Results
INTRODUCTION

Breast cancer, the most common malignant tumor in women, is a heterogeneous disease. Triple-
negative breast cancer (TNBC) represents one of the subtypes described in recent years, which does
not express estrogen receptor (ER), progesterone receptor (PR) or human epidermal growth factor
receptor 2 (HER2). It shows a variety of biological, clinicopathological and molecular
characteristics, responses significantly differently to treatment and achieves divergent prognosis
(1, 2). Despite the low incidence, accounting for about 10 to 20% of all breast cancer cases, TNBC
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shows strong invasiveness, high malignancy and short relapse-
free survival, reflecting the vital role of early diagnosis and
accurate staging (3). Compared with other subtypes, patients
with TNBC are more likely to show lymph node metastasis at the
initial diagnosis (4).

Studies have shown that lymph node status is crucial for
prognosis prediction and treatment decision in TNBC (5–7). At
present, sentinel lymph node biopsy (SLNB), axillary lymph
node dissection (ALND) and subsequent pathological diagnosis
are commonly used methods to evaluate lymph node status in
TNBC. The false negative rate of SLNB is 5–10%, which may
result in improper patient management. Sufficient ALND can
effectively reduce the risk of TNBC metastasis, but may cause
chronic side effects such as numbness, stiffness in the upper
body, and lymphedema. Moreover, extra-axillary lymph node
metastasis also occurs (8), implying that SLNB or ALND might
not be sufficient for the diagnosis of lymph node metastasis in
TNBC. Therefore, it is helpful to classify TNBC cases
preoperatively based on clinicopathologic factors, which
contributes to the development of individualized surgical
treatments and reducing overall mortality and morbidity
in TNBC.

Clinical researchers and clinicians always make unremitting
effort in predicting lymph node (LN) status. Several studies have
developed multiple models for LN status prediction, but mostly
are based on limited cases (9). Tan et al. constructed an immune-
related genes (IRGS)-based nomogram to accurately estimate the
preoperative ALN status of 214 operable TNBC cases (10).
Despite its strong performance, the gene-based model may be
difficult to promote. Therefore, this study aimed to develop a risk
nomogram based on clinical data to determine lymph node
metastasis, which could help to identify TNBC patients with
positive lymph nodes more quickly.
MATERIALS AND METHODS

Patients
We extracted the data of 28,966 triple-negative breast cancer
patients registered between January 1, 2010 and December 31,
2017 from the SEER program. HER2 status was absent in
SEER’s breast cancer cohort before 2010, and an enormous
number of patients diagnosed before this time point were not
included. Analysis cohorts were identified according to the
following criteria: unilateral, invasive carcinoma of the breast
(ICD-O-3 8500); diagnosis confirmed by positive histology and
not by autopsy or a death certificate, as the first and only
primary tumor; adjusted AJCC stage I–III; known tumor size;
histological grade I–III; known regional lymph node status; ER,
PR, HER2 negative. Patients with Paget’s disease or younger
than 18 years old were excluded. The patients were randomized
1:1 to the training and validation sets, respectively, for the
construction and verification the nomogram. The following
information was collected and transformed into categorical
variables: age, race, gender, laterality, grade, location, histological
type, and T stage.
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Construction and Validation of the
Nomogram
Lymph node status was determined according to the Regional Nodes
Positive term. We first screened the lymph node status-related
clinicopathological characteristics, and found that statistically
significant variables included age, race, grade, location, histological
type, and T stage (P<0.05). All these variables were analyzed by
univariate logistic regression analysis, and the correlated ones
(P<0.05) are estimated through multivariate logistic regression
analysis. As a result, significantly independent predictors were
identified to construct a well-calibrated nomogram. Odds ratios
(ORs) and 95% confidence intervals (CIs) were also calculated.
Nomogram performance was quantified with respect to calibration
and discrimination. Calibration was assessed graphically by plotting
the relationship between actual (observed) and predicted probabilities
by the Hosmer goodness-of-fit test (11). Internal validation of
performance was estimated by the bootstrapping method (1,000
replications). According to the nomogram, total points for all
patients were determined with the “nomogramFormula” package in
the R software. Discrimination (ability of a nomogram to separate
patients with different lymph node statuses) was quantified by the
area under the receiver operating characteristic (ROC) curve (AUC).
A larger AUC (range 0.5–1.0) reflected a more accurate prediction.

Finally, the best cut-off value is determined by the Youden’s
index, according to which, the training and validation cohorts
were divided into two subgroups. The correlation between the
nomogram and the risk of lymph node metastasis was estimated
by univariate logistic regression analysis.

Statistical Analyses
The chi-square test was performed to evaluate the associations of
lymph node status with appropriate variables. Fisher’s exact test
was carried out if necessary. Statistically significant was defined
as two-sided P<0.05 was considered, unless otherwise stated. All
statistical analyses were performed using STATA (version 14.1)
and R (version 3.6.1). The R packages caret, rms, pROC, ggplot2,
parallel, and nomogramFormula were applied.
RESULTS

Patient Characteristics
There were 28,966 patients enrolled in this study, with 8,710
(30.07%) lymph node positive (Table 1). The demographics and
clinicopathologic characteristics related to lymph node status
included age, race, grade, location, histological type and T stage.
Younger patients (age<60) have a higher rate of lymph node
involvement (32.43%) compared with older ones (age≥60,
26.98%) (P < 0.001). As for race, 33.79% black patients had
positive lymph nodes versus 29.00% for white patients and
30.00% for others (P < 0.001). The positive rate of lymph nodes
washigher inpatientswithgrade III cancer thangrade II andgrade I
(31.33% vs. 25.88% and 12.20%, respectively; P < 0.001). Patients
with primary tumor located in the axillary tail of the breast were
more likely to have positive lymph nodes (46.26%), while cases
primarily located in the central portion of the breast ranked second
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TABLE 1 | Patients’ demographics and clinicopathologic characteristics by lymph node status.

Whole cohort Training cohort Validation cohort

LN- (%) LN+ (%) Total P LN- (%) LN+ (%) Total P LN- (%) LN+ (%) Total P

All 20,256
(69.93)

8,710
(30.07)

28,966 10,142
(70.03)

4,341
(29.97)

14,483 10,114
(69.83)

4369
(30.17)

14,483

Age <0.001 <0.001 <0.001
<60 11,094

(67.57)
5,325
(32.43)

16,419 5,493
(67.37)

2,661
(32.63)

8,154 5,601
(67.77)

2,664
(32.23)

8,265

≥60 9,162
(73.02)

3,385
(26.98)

12,547 4,649
(73.46)

1,680
(26.54)

6,329 4,513
(72.58)

1,705
(27.42)

6218

Race <0.001 <0.001 <0.001
White 14,666

(71.00)
5,990
(29.00)

20,656 7,341
(71.20)

2,970
(28.8)

10,311 7,325
(70.81)

3,020
(29.19)

10,345

Black 3,968
(66.21)

2,025
(33.79)

5,993 1,987
(65.59)

1,038
(34.31)

3,025 1,981
(66.75)

987
(30.94)

2,968

Others# 1,622
(70.00)

695
(30.00)

2,317 814
(70.97)

333
(29.03)

1,147 808
(69.05)

362
(30.94)

1,170

Gender 0.351 1.000 0.181
Female 20,240

(69.94)
8,700
(30.06)

28,940 10,131
(70.03)

4,336
(29.97)

14,467 10,109
(69.85)

4,364
(30.15)

14,473

Male 16
(61.54)

10
(39.46)

26 11
(68.75)

5
(31.25)

16 5
(50.00)

5
(50.00)

10

Grade <0.001 <0.001 <0.001
I 475

(87.80)
66

(12.20)
541 249

(89.89)
28

(10.11)
277 226

(85.61)
38

(14.39)
264

II 3,546
(74.12)

1,238
(25.88)

4,784 1,796
(73.94)

633
(26.06)

2,429 1,750
(74.31)

605
(25.69)

2,355

III 16,235
(68.67)

7,406
(31.33)

23,641 8,097
(68.75)

3,680
(31.25)

11,777 8,138
(68.59)

3,726
(31.41)

11,864

Laterality 0.369 0.194 0.98
Left 10,316

(69.69)
4,486
(30.31)

14,802 5,163
(69.54)

2,261
(30.46)

7,424 5,153
(69.84)

2,225
(30.16)

7,378

Right 9,940
(70.18)

4,224
(30.07)

14,164 4,979
(70.53)

2,080
(29.47)

7,059 4,961
(69.82)

2,144
(30.18)

7,105

Location* <0.001 <0.001 <0.001
Central 624

(60.94)
400

(39.06)
1,024 336

(63.16)
196

(36.84)
532 288

(58.54)
204

(41.46)
492

Inner 4,943
(79.82)

1,250
(20.18)

6,193 2,458
(79.86)

620
(20.14)

3,078 2,485
(79.78)

630
(20.22)

3,115

Outer 9,738
(66.46)

4,915
(33.54)

14,653 4,874
(66.52)

2,453
(33.48)

7,327 4,864
(66.39)

2,462
(33.61)

7,326

Overlap 4,836
(70.27)

2,046
(29.73)

6,882 2,414
(70.22)

1,024
(29.78)

3,438 2,422
(70.33)

1,022
(29.67)

3,444

Tail 115
(53.74)

99
(46.26)

214 60
(55.56)

48
(44.44)

108 55
(51.89)

51
(48.11)

106

Histological type <0.001 <0.001 <0.001
IDC 17,512

(69.57)
7,661
(30.43)

25,173 8,710
(69.50)

3,823
(30.50)

12,533 8,802
(69.64)

3,838
(30.36)

12,640

ILC 141
(55.95)

111
(44.05)

252 82
(62.12)

50
(37.88)

132 59
(49.17)

61
(50.83)

120

IDC/ILC 184
(56.62)

141
(43.38)

325 97
(58.08)

70
(41.92)

167 87
(55.06)

71
(44.94)

158

Others 2,419
(75.22)

797
(24.78)

3,216 1,253
(75.89)

398
(24.11)

1,651 1,166
(74.50)

399
(25.50)

1,565

T stage <0.001 <0.001 <0.001
T1 10,553

(81.77)
2,353
(18.23)

12,906 5,261
(81.91)

1,162
(18.09)

6,423 5,292
(81.63)

1,191
(18.37)

6,483

T2 8,330
(65.03)

4,479
(34.97)

12,809 4,145
(64.44)

2,287
(35.56)

6,432 4,185
(65.63)

2,192
(34.37)

6,377

T3 1,066
(46.82)

1,211
(53.18)

2,277 573
(49.87)

576
(50.13)

1,149 493
(43.71)

635
(56.29)

1,128

T4 307
(31.52)

667
(68.48)

974 163
(34.03)

316
(65.97)

479 144
(29.09)

351
(70.91)

495
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#American Indian/AK Native, Asian/Pacific Islander.
*Central, code C50.0 and C50.1; Inner, code C50.2 and C50.3; Outer, code C50.4 and C50.5; Tail, code C50.6; Overlap, code C50.8. From SEER Coding Guidelines Breast 2018
manual, coding guideline breast C500-C509.
IDC, invasive ductal carcinoma; IDC/ILC, Infiltrating duct and lobular carcinoma; ILC, invasive lobular carcinoma; LN, lymph nodes.
Bold value indicates statistical significance.
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(39.06%) (P < 0.001). Patients with invasive lobular carcinoma
(ILC) (44.05%) had higher positive rate of lymph nodes than
invasive ductal carcinoma (IDC), IDC/ILC, and other histological
types (30.43%, 43.38% and 24.78%, respectively) (P < 0.001). It was
found that lymph nodes are positive correlated with T stage. Stage
T4 cases had the highest rate of positive lymph nodes (68.48%),
versus T1, T2, and T3 patients (18.23%, 34.97% and 53.18%,
respectively) (P < 0.001) (Table 1).

Independent Predictors in Training Set
According to univariate Cox analysis, age, race, location, grade,
histologic type, and T stage were significantly associated with the
positive rate of lymph nodes (Table S1). These factors were
included in multivariate logistic regression analysis (Table 2).
The result confirmed that grade was not an independent
predictor (P=0.421) and the others were statistically significant
and independent predictors for lymph node status (P<0.05).

Construction and Validation of the Nomogram
We established a nomogram based on significant and
independent predictors determined by multivariate analysis
Frontiers in Oncology | www.frontiersin.org 4
(Figure 1), including age, race, location, histological type, and
T stage. By adding up the scores of all the variables, the
probability of a specific patient to have positive lymph nodes
could be predicted. As we can see, younger black patients with
T4 and IDC/ILC tumor at the axillary tail had highest scores,
while elderly white cases with non-ILC or non-IDC, and T1
tumors had a lower risk of lymph node metastasis. The novel
nomogram predicted the risk of positive lymph nodes between
0.05 and 0.8.

In order to test the performance of the new nomogram,
1,000 bootstrap resampling was carried out for internal
verification through the calibration chart in the training set
(Figure 2). The calibration curve indicated a good calibration
effect of the nomogram. The effectiveness of the nomogram for
predicting lymph node status was further evaluated using ROC
curves for the training (Figure 3A) and validation (Figure 3B)
sets. In the training set, AUC was 0.684 (95%CI: 0.675–0.693),
which is similar to the AUC observed in the validation set
(0.689, 95%CI: 0.679–0.698). These results indicated that the
nomogram is a useful predictor for lymph node status
in TNBC.
Risk Stratification by the Nomogram
The cut-off value of total scores for predicting lymph node status
was determined by Youden’s index in the training set. Both the
training and validation sets were subdivided into the low score
groups (total points ≤ 82) and high score groups (total
points>82), respectively. After applying the cut-off value to the
training set, univariate analysis found a significant difference in
the probability of lymph node metastasis between the high and
low score groups (OR=3.24, 95%CI:3.03–3.49; P<0.001),
consistent with the results obtained in the validation set
(OR=3.30, 95%CI 3.07–3.56; P<0.001; Table 3).
DISCUSSION

In this study, the risk factors associated with lymph node
metastasis in triple-negative breast cancer were determined, and
a predictive model was developed by logistic regression, with a
nomogram attached. We found that age, race, T stage, primary
site, grade, and histological subtype were related to lymph node
status by univariate logistic regression analysis. These variables
were independent predictors of lymph node status confirmed by
multivariate logistic regression except for grade. These factors
were shown to be predictors of axillary lymph node metastasis. As
shown above, the risk of lymph node metastasis was positively
correlated with T stage. The increase in T stage was significantly
associated with the risk of lymph node metastasis, which was
previously reported (12). Young patients had higher odds of
developing lymph node metastasis compared with older ones.
Patients with the axillary tail as the primary site were more likely
to have metastatic lymph nodes. These results indicate that the
primary site of the tumor is important in predicting lymph node
metastasis. It was also confirmed that the pathological type of ILC
is more prone to lymph nodes metastasis. To validate the
TABLE 2 | Multivariate logistic regression analysis of possible factors
independently predicting positive lymph nodes in the training cohort.

Training cohort

OR 95%CI P

Age <0.001
<60 Ref. Ref.
≥60 0.85 0.79–0.92
Race 0.010
White Ref. Ref.
Black 1.22 1.11–1.33
Others# 0.98 0.85–1.13
Grade 0.421
I 0.38 0.25–0.57
II 0.93 0.84–1.04
III Ref. Ref.
Location* <0.001
Central 1.07 0.88–1.30
Inner 0.51 0.46–0.56
Outer Ref. Ref.
Overlap 0.82 0.75–0.90
Tail 1.60 1.07–2.38
Histological type <0.001
IDC Ref. Ref.
ILC 1.66 1.20–2.31
IDC/ILC 1.45 0.99–2.12
Others 0.66 0.58–0.75
T stage <0.001
T1 Ref. Ref.
T2 2.40 2.21–2.61
T3 4.28 3.74–4.90
T4 8.60 7.02–10.53
#American Indian/AK Native, Asian/Pacific Islander.
*Central, code C50.0 and C50.1; Inner, code C50.2 and C50.3; Outer, code C50.4 and
C50.5; Tail, code C50.6; Overlap, code C50.8. From SEER Coding Guidelines Breast
2018 manual, coding guideline breast C500-C509.
CI, confidence interval; IDC, invasive ductal carcinoma; IDC/ILC, Infiltrating duct and
lobular carcinoma; ILC, invasive lobular carcinoma; LN, lymph nodes; OR, odds ratio; Ref.,
Reference.
Bold value indicates statistical significance.
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developed model, the bootstrapping method (1,000 times) was
used. Moreover, the relatively high AUC of 0.684, also referred as
concordance index in our study, confirmed the validation of this
nomogram. Thus, this nomogram can be utilized by surgeons to
more effectively counsel individual patients, thereby helping to
personalize the surgical treatment of TNBC.
Frontiers in Oncology | www.frontiersin.org 5
Previous studies have constructed nomograms to predict
both sentinel and non-sentinel lymph node metastases in breast
cancer, performing well in cohorts at different institutions (13–
15). Several well-designed nomograms have been accepted
worldwide, with some adopted by clinicians (16–20). For
example, Hwang et al. incorporated sentinel lymph node
metastasis size into a nomogram that accurately predicts the
likelihood of having additional axillary metastasis (16).
Nevertheless, these models only show limited performance in
triple-negative breast cancer. For predicting non-sentinel
lymph node metastasis in TNBC, some of these widely used
nomograms are not much better than coin tossing, with AUCs
around 0.55. It is noteworthy that such nomograms still work
well in ER positive patients in the same institute (21). This
phenomenon can be partly attributed to that rather than being
a single subtype, triple-negative breast cancer is a general
concept covering a group of diseases, with a variety in
biological behavior, as well as great differences compared
with other subtypes (22). To settle this, the cohort used to
build a model should be large enough to cover each “subtype” of
TNBC with an adequate number. SEER, a nationwide program
covering nearly a quarter of the US population, is an optimal
cohort for building such a model.

Apart from the excellent cohort as the data source for the
nomogram, this model has other advantages. First, our research
used the clinical information of TNBC patients to predict
lymph node metastasis. Meanwhile, existing researches (10,
13) assessed TNBC at the genetic level, using IRGS to predict
lymph node metastasis, and the obtained results were also good.
FIGURE 1 | Nomogram predicting lymph node status of TNBC patients. Instructions for the nomogram: First, quantify each characteristic of the patient by drawing
a vertical line from corresponding scale to the points scale. Then, sum all the points and draw a vertical line from the total points scale to the risk scale to obtain the
probability of lymph node metastasis.
FIGURE 2 | Calibration plot of the nomogram for predicting lymph node
status. The performance is estimated by bootstrap 1,000 repetitions. The X-axis
plots the nomogram-predicted survival; the Y-axis plots the actual survival.
December 2020 | Volume 10 | Article 608334
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However, clinical information is more intuitive to make decisions
easily in clinic. Secondly, compared with the long and complicated
formulas of Cox and logistic predictive models, nomograms,
composed of several simple scaled parallel lines, provide a reliable
prognostic information that is unique to a given patient.

Limited by the data and the characteristics of analysis, this
study had some limitations. We were unable to obtain more
information from the SEER database, including invasion of
lymphatic or blood vessels, multifocality and even molecular
biomarkers, which, if included, could improve the sensitivity and
specificity of the present nomogram. In addition, as a
retrospective study, selection or information bias was hardly
avoidable. The main cohort in this study was the American
population, and it is worth considering whether the results are
applicable to other populations.
CONCLUSION

In summary, a predictive nomogram for lymph node metastasis
detection in TNBC patients was developed. Evaluating lymph
node metastasis remains a major concern in the treatment and
staging of breast cancer. The present findings reveal the features
of lymph node metastasis in TNBC, providing a reference for
future treatment which would take neoadjuvant chemotherapy
and sentinel lymph node biopsy into consideration, eventually
optimizing clinical diagnosis and treatment.
Frontiers in Oncology | www.frontiersin.org 6
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A B

FIGURE 3 | Validation of the nomogram using receiver operating characteristic curves. (A) Internal validation in the training cohort; (B) External validation in the
validation cohort. AUC: area under curve; CI: confidence intervals.
TABLE 3 | Univariate logistic regression analysis of total points in predicting
positive lymph nodes in the training and validation cohorts.

Group# Training cohort P Validation cohort P

OR 95%CI OR 95%CI

Low score Ref. Ref. – Ref. Ref. –

High score 3.24 3.03-3.49 <0.001 3.30 3.07–3.56 <0.001
#Low score, ≤82; high score,>82.
CI, confidence interval; OR, odds ratio; Ref., Reference.
Bold value indicates statistical significance.
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