
RESEARCH ARTICLE Open Access

Nomograms predict survival of patients
with lymph node-positive, luminal a breast
cancer
Yilun Li and Li Ma*

Abstract

Background: To develop nomograms for the prediction of the 1-, 3-, and 5-year overall survival (OS) and breast
cancer-specific survival (BCSS) for patients with lymph node positive, luminal A breast cancer.

Methods: Thirty-nine thousand fifty-one patients from The Surveillance, Epidemiology, and End Results (SEER)
database were included in our study and were set into a training group (n = 19,526) and a validation group
(n = 19,525). Univariate analysis and Cox proportional hazards analysis were used to select variables and set up
nomogram models on the basis of the training group. Kaplan-Meier curves and the log-rank test were adopted in
the survival analysis and curves plotting. C-index, calibration plots and ROC curves were used to performed internal
and external validation on the training group and validation group.

Results: Following independent factors were included in our nomograms: Age, marital status, grade, ethnic group, T
stage, positive lymph nodes numbers, Metastasis, surgery, radiotherapy, chemotherapy. In both the training group and
testing group, the calibration plots show that the actual and nomogram-predicted survival probabilities are consistent
greatly. The C-index values of the nomograms in the training and validation cohorts were 0.782 and 0.806 for OS and
0.783 and 0.804 for BCSS, respectively. The ROC curves show that our nomograms have good discrimination.

Conclusions: The nomograms may assist clinicians predict the 1-, 3-, and 5-year OS and BCSS of patients with lymph
node positive, luminal A breast cancer.
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Background
Breast cancer is the most prevalent carcinoma in
women. An estimated 268,000 American women were
diagnosed with breast cancer in 2019, accounting for
approximately 30% of all new cancer diagnoses in
women, resulting in 41,760 deaths (15% of women’s
cancer mortality) [1].
A variety of methods, including DNA sequencing and

immunohistochemistry, have been used to study the
mechanisms driving the occurrence and progression of

breast cancer [2]. In order to facilitate identification and
treatment of breast cancer with different characteristics,
immunohistochemical markers are used to classify
tumors into subtypes [3]. Hormone receptors (HRs),
such as the estrogen receptor (ER) and the progesterone
receptor (PR), and human epidermal growth factor
receptor 2 (HER2) are important immunohistochemical
markers. Four molecular subtypes are recognized immuno-
logically based on these biomarkers: luminal A, luminal B,
basal-like, and HER2 [4]. There is a correlation between the
molecular subtypes and the prognosis of breast cancer [5].
Luminal A breast cancer is defined as breast cancers with
the following expression characteristics: ER > 1%, PR ≥ 20%,
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HER2 negative, and Ki-67 < 14% [6]. Howlader et al. re-
ported that the proportions of luminal A in the breast can-
cer subtypes was 72.7% [7]. Luminal A breast cancers have
high hormone receptor expression, negative HER2 expres-
sion, and a low proliferation rate compared to other sub-
types of breast cancer. Fortunately, these characteristics
contribute to a better prognosis for patients with luminal A
breast cancer [8, 9]. Yet, additional factors may affect the
prognosis of this subtype.
Lymph node-positive is a high-risk factor of breast

cancer and is related to lymph node metastasis. First, the
expression of microRNA is an important factor affecting
lymph node metastasis. Some studies have reported that
the expression of miR-98 leads to metastasis of tumor
cells to sentinel lymph nodes, which is associated with
the poor prognosis of ER-positive, HER-2 negative breast
cancer [10, 11]. Second, some immune cells are also as-
sociated with lymph node metastasis. A study by Takada
et al. showed that the density of tumor-infiltrating lym-
phocytes in patients with lymph node metastasis was sig-
nificantly lower than in patients without lymph node
metastasis [12]. Third, the invasion of peripheral and
lymphatic vessels is associated with lymph node metasta-
sis. Çetintaş et al. reported that perineural invasion and
lymphatic vessel invasion were significantly associated
with the risk of lymph node metastasis [13]. In addition
to the factors mentioned above, other factors such as
tumor size, body mass index (BMI), and the platelet-to-
lymphocyte ratio are also associated with lymph node
metastasis and breast cancer prognosis [10, 14, 15].
Although it has been confirmed that some factors,

such as body mass index (BMI) and the expression of
the mircoRNAs mentioned above, affect the prognosis of
lymph node positive, luminal A breast cancer, however,
whether chemotherapy can improve the survival of these
patients is still controversial. While the study by Herr
et al. showed that the OS of patients with lymph node
positive, luminal A breast cancer improved after receiv-
ing chemotherapy [16], studies by Taskaynatan H et al.
and Uchida N et al. failed to show benefit from chemo-
therapy for the same patient population [17, 18]. There-
fore, it is necessary to use chemotherapy as a predictor
to build a predictive model, which can more accurately
clarify and predict the impact of chemotherapy on the
prognosis of patients with breast cancer. Moreover, a
nomogram is a visual tool based on a prognostic model
that includes relevant clinicopathological factors that
provide specific individual clinical outcomes, thereby
providing clinicians with a more accurate assessment of
prognosis. Previous nomograms did not show the effect
of the treatment on the survival of patients with luminal
A, lymph node-positive breast cancer [19, 20]. but the
treatment, for example, surgery, has a significant effect
on the prognosis of breast cancer [21]. Thus, it is

important to use the treatment modality as a predictor
for building the nomogram to predict the prognosis of
patients.
In this study, we focused on constructing nomograms

which can predict the survival outcomes of patients with
lymph node positive, luminal A breast cancer. First, the
information of the patients was screened from the
Surveillance, Epidemiology, and End Results (SEER) data-
base. Then, the patients were divided into two groups, the
test group and the verification group, and the test group
was used to construct a model to predict the prognosis of
the patients. Finally, the validation group was used to
verify the sensitivity and accuracy of the model. Detailed
information about the steps of construction and validation
of the nomogram are presented in the Fig. 1.

Methods
Research populations
We collected and screened information from January
2010 to December 2015 in SEER Registry data of 18
registries. The following are the inclusion criteria: (1)
Female; (2) Age of diagnosis ≥18; (3) Diagnosis con-
firmed by positive histology instead of other methods;
(4) Breast cancer was considered as the first primary
cancer; (5) The subtype of breast cancer is luminal A;
(6) Complete survival data and survival time was not “0”;
(7) Complete information of the variables contains age
of diagnosis, ethnic group, marital status, historical sub-
type, tumor size, location, grade, laterality, positive
lymph nodes counts, histological subtype, the seventh
edition of American Joint Committee on Cancer (AJCC)
TNM stage, tumor grade, SEER cause-specific death,
vital status, breast cancer subtype and metastasis site (8)
The TNM stage is T1–4, N1-N3 and M0-M1 according
to the seventh edition of AJCC TNM.

Variables and definition
The following data were extracted for each patient from
the database: age at diagnosis, year diagnosed, race,
marital status at diagnosis, primary site of the tumor,
adjusted AJCC seventh T stage, N stage, M stage, tumor
grade, histological subtype, number of positive lymph
nodes, surgery, chemotherapy, radiotherapy, SEER
cause-specific death, metastasis site, vital status, breast
cancer subtype, and survival (months).
Histologic grades were classified into well differenti-

ated (grade 1), moderately differentiated (grade 2),
poorly differentiated (grade 3), and undifferentiated /an-
aplastic (grade 4). In terms of marital status, unmarried
included single, divorced, separated, widowed, unmar-
ried and family partner. In the racial classification, others
include American Indian / Alaskan Aboriginal and Asian
/ Pacific Islander. We define Overall survival (OS) as the
time from diagnosis to death, from any cause or until
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the last follow-up. Breast Cancer-specific survival (BCSS)
was taken the definition of the time from diagnosis to
death caused by breast cancer or to the last follow-up
time. The endpoint of follow-up was December 2015.

Data analysis
The amounts and percentages of each variable through
summarizing were used to describe the basic characteris-
tics of the groups. In the training group, we adopted uni-
variate analysis and multivariate Cox regression analyses
to determine the risk of each factor associated with
prognosis of OS and BCSS, which were performed by
SPSS software (IBM Corporation, USA, version 21). The
factor was considered significant if p < 0.05. All signifi-
cant factors in the univariate analysis were included in
the multivariate Cox regression analyses. The significant
variables in multivariate Cox regression analyses were
selected for the final prognostic models in order to con-
struct the nomograms. The final prognostic model was
then used to predict the 1 -, 3 -, and 5-year outcomes of
OS and BCSS. We validated the nomogram internally
and externally both in the training group and in the

validation group. Harrell Consistency Index (C-Index)
and area under ROC curve (AUC) were used to evaluate
the nomogram, with a higher C-index indicating a more
accurate prognostic predictions [22]. The nomogram
demonstrated good discriminative ability, with a C-index
between 0.78 and 0.81. We also adopted the calibration
plot to evaluate nomogram performance. The calibration
plots along the 45-degree line indicate a perfect calibra-
tion model in which the predicted probabilities are iden-
tical to the actual outcomes [22]. The survival analysis
and curve plotting was carried out using Kaplan-Meier
curves and the log-rank test, respectively. We used
SEER*Stat software (version 8.3.6; NCI, Bethesda, MD)
to extract the data. The C-index, ROC curves, nomo-
gram, calibration curves and Kaplan-Meier curves were
generated in R with packages “rms”, “survival”, “foreign”,
“timeROC” and “regplot” respectively.

Results
Demographics and Clinicopathological characteristics
A total of 39,051 cases were collected from the SEER
database for this study (Fig. 1). The eligible patients were

Fig. 1 Flow diagram showing steps involved in construction and validation of nomograms
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randomly divided into a training group (n = 19,526) and
a validation group (n = 19,525) at the ratio of 1:1. Among
all the patients, most patients were between 40 and 49
(20.5%), 50–59 (26.7%), and 60–69 (25.7%) years of age.
As for the ethnic group, most of the patients were
Caucasian (79.6%). In regard to histology classification,
firstly, most of the patients presented with infiltrating
duct carcinoma (72.8%). Secondly, about half of the pa-
tients presented with grade II oncology grades (53.0%).
Thirdly, most patients were N1 stage (76.0%) and almost
all patients were M0 stage (97.1%). Nearly all of the
patients received surgery (99.0%) and most received
radiotherapy (62.4%) and chemotherapy (64.1%). The
rate of metastasis to the bone, brain, liver, lung was 2.0,
0.1, 0.4, and 0.5%, respectively. All variables displayed
similar proportions in the validation group and the
training group. Table 1 demonstrates the details of the
baseline characteristics.

Univariate and multivariate cox analysis and nomogram
constructions
Univariate analyses showed that race, age of diagnosis,
marital status, grade, T stage, Tumor size, N stage, M
stage, positive regional nodes number, the site of metas-
tasis (bone, brain, liver, lung), surgery records, radiother-
apy records, chemotherapy records had a significant
correlation with OS and BCSS (Table 2). According to
the Cox regression multivariate analysis, the independ-
ent elements of OS and BCSS were identified and age of
diagnosis, marital status, grade, T stage, M stage, race,
positive regional nodes count, bone metastasis, brain
metastasis, liver metastasis, surgery records, radiotherapy
records, and chemotherapy records were independent
prognostic factors. Black patients were observed to be at
higher risk for death than Caucasian patients, while
other patients have lower risk than Caucasian patients.
The unmarried group was also found more to be at
higher risk than the married group. In regard to hist-
ology classification, the risk of the Grade IV group was
significantly higher than the Grade I group. The risk of
the T4/N3/M1 group was obviously higher than the T1/
N1/M0 group. With regard to treatment, patients who
underwent surgery or received radiotherapy or chemo-
therapy were at lower risk than those who did not re-
ceive any of these treatments. As for breast cancer
metastasis, patients with brain, bone, liver, and lung me-
tastasis were at higher risk than those without. In the
multivariate Cox proportional hazards models, we
excluded M stage due to similar significance of the
metastasis site and M stage while combining other
independent predictors in the training group into the
building of the nomogram for 1-, 3-, and 5-year OS and
BCSS (Fig. 2). The length of the line behind the variable
in the nomogram indicates the effect of the variable on

the prognosis of breast cancer. From the nomogram, we
found the brain metastasis, age, and T stage were the
three most significant factors affecting the prognosis of
patients with lymph node positive, luminal A breast
cancer.

Validation of the nomograms
Our nomograms were validated internally and externally
between the training group and the validation group.
The calibration plots presented excellent consistency be-
tween the actual and nomogram-predicted survival
probabilities in both the training the validation cohorts
(Fig. 3). The AUC of the ROC curve, which indicates
discrimination ability, in predicting 5-year OS was 0.768
in the training cohort and 0.766 in the validation cohort.
The AUC of the ROC curve in predicting 5-year BCSS
was 0.789 in the training cohort and 0.787 in the
validation cohort (Fig. 4). Our findings indicate that the
nomogram can efficiently predict a patient’s OS and
BCSS.
Moreover, we determined the C-index values of our

nomograms to assess their discriminative abilities. The
C-index of OS were 0.782 (95% CI, 0.772–0.792) with
0.806 (95%CI, 0.794–0.818) for BCSS in the training co-
hort. In the testing cohort, C-index values for OS is
0.783 (95% CI, 0.773–0.793) and 0.804 (95% CI, 0.792–
0.16) for BCSS.

Survival analysis
Kaplan-Meier curves were used to predict the effective
factors of prognosis on the OS and BCSS of the test
group in nomograms. The length of the line segment
after the variable in the nomogram indicates the degree
of influence of the variable on the prognosis of the pa-
tient. As shown in Fig. 2, brain metastasis has the most
significant impact on the prognosis of patients. The
Hazard Ratio of OS for patients with brain metastasis in
the multivariate analysis was 4.449 (Table 2, 95% CI:
2.381–8.313). Surgery and the number of positive lymph
nodes are also important factors affecting the prognosis
of patients. The Hazard Ratio of OS for patients with
surgery was 0.401 (95% CI: 0.311–0.517). The Hazard
Ratio of OS patients with over 10 positive lymph nodes
was 2.357(95%CI: 1.698–3.270). It is of great significance
of all the prognostic factors in the nomograms in the
primary group. Judging from Table 2, we observed con-
sistent results in the training group. The curves indicates
that all the factors turned out to have the identical out-
come trends for OS and BCSS (Fig. 5).

Discussion
Many factors are associated with the prognosis of
lymph-node luminal A subtype breast cancer. So, it is
vital to identify the independent factors related to

Li and Ma BMC Cancer          (2021) 21:965 Page 4 of 17



Table 1 Demographic and clinicopathologic characteristics of the patients

Characteristics All patients (n = 39,051) Training cohort (n = 19,526) Validation cohort (n = 19,525)

Number of patients % Number of patients % Number of patients %

Age

18–29 230 0.6 117 0.6 113 0.6

30–39 2205 5.6 1127 5.8 1078 5.5

40–49 8012 20.5 4001 20.5 4011 20.5

50–59 10,445 26.7 5208 26.7 5237 26.8

60–69 10,020 25.7 4982 25.5 5038 25.8

70–79 5646 14.5 2841 14.5 2805 14.4

≥ 80 2493 6.4 1250 6.4 1243 6.4

Race

White 31,209 79.9 15,673 80.3 15,536 79.6

Black 4159 10.7 2028 10.4 2131 10.9

Other 3683 9.4 1825 9.3 1858 9.5

Marital status

Married 23,133 59.2 11,620 59.5 11,513 59.0

Unmarried 15,918 40.8 7906 40.5 8012 41.0

Grade

I 7140 18.3 3616 18.5 3524 18.0

II 20,702 53.0 10,331 52.9 10,371 53.1

III 11,133 28.5 5542 28.4 5591 28.6

IV 76 0.2 37 0.2 39 0.2

T stage

T1 15,694 40.2 7883 40.4 7811 40.0

T2 17,685 45.3 8832 45.2 8853 45.3

T3 4342 11.1 2149 11.0 2193 11.2

T4 1330 3.4 662 3.4 668 3.4

N stage

N1 29,668 76.0 14,855 76.1 14,813 75.9

N2 6248 16.0 3141 16.1 3107 15.9

N3 3135 8.0 1530 7.8 1605 8.2

M stage

M0 37,936 97.1 18,971 97.2 18,965 97.1

M1 1115 2.9 555 2.8 560 2.9

Histology

Infiltrating duct carcinoma 28,423 72.8 14,279 73.1 14,144 72.4

Lobular carcinoma 5024 12.9 2474 12.7 2550 13.1

Other 5604 14.4 2773 14.2 2831 14.5

Location

Nipple 220 0.6 106 0.5 114 0.6

Central portion of breast 2944 7.5 1550 7.9 1394 7.1

Upper-inner quadrant of breast 3909 10.0 1965 10.1 1944 10.0

Lower-inner quadrant of breast 2018 5.2 1022 5.2 996 5.1

Upper-outer quadrant of breast 15,879 40.7 7868 40.3 8011 41.0

Lower-outer quadrant of breast 3671 9.4 1807 9.3 1864 9.5
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prognosis. Nomograms were constructed to predict 1-,
3-, and 5-year OS and BCSS of patients, which contain
the following risk elements: age of diagnosis, grade, eth-
nic group, T stage, marital status, positive regional nodes
number, bone metastasis, brain metastasis, liver metasta-
sis, surgery, radiotherapy, and chemotherapy.

One of the most significant risk factors that affects the
prognosis of breast cancer was age at diagnosis. Liu et al.
observed that patients with luminal A breast cancer had
significantly lower 5-year disease-free survival (DFS) and
distant metastasis-free survival (DMFS) in the ≤40 years
old age group compared to the 41–60 years old age

Table 1 Demographic and clinicopathologic characteristics of the patients (Continued)

Characteristics All patients (n = 39,051) Training cohort (n = 19,526) Validation cohort (n = 19,525)

Number of patients % Number of patients % Number of patients %

Axillary tail of breast 238 0.6 121 0.6 117 0.6

Overlapping lesion of breast 10,172 26.0 5087 26.1 5085 26.0

Laterality

Right: origin of primary 19,451 49.8 9765 50.0 9686 49.6

Left: origin of primary 19,600 50.2 9761 50.0 9839 50.4

Tumor size, cm

≤ 1 3295 8.4 1624 8.3 1671 8.6

≤ 2 12,544 32.1 6320 32.4 6224 31.9

≤ 3 10,756 27.5 5358 27.4 5398 27.6

≤ 4 4943 12.7 2434 12.5 2509 12.9

≤ 5 2654 6.8 1367 7.0 1287 6.6

> 5 4859 12.4 2423 12.4 2436 12.5

Positive regional nodes number

1–3 29,319 75.1 14,688 75.2 14,631 74.9

4–9 6769 17.3 3398 17.4 3371 17.3

≥ 10 2963 7.6 1440 7.4 1523 7.8

Bone metastasis

No 38,272 98.0 19,147 98.1 19,125 98.0

Yes 779 2.0 379 1.9 400 2.0

Brain metastasis

No 39,023 99.9 19,509 99.9 19,514 99.9

Yes 28 0.1 17 0.1 11 0.1

Liver metastasis

No 38,888 99.6 19,436 99.5 19,452 99.6

Yes 163 0.4 90 0.5 73 0.4

Lung metastasis

No 38,852 99.5 19,423 99.5 19,429 99.5

Yes 199 0.5 103 0.5 96 0.5

Surgery

No 402 1.0 203 1.0 199 1.0

Yes 38,649 99.0 19,323 99.0 19,326 99.0

Radiotherapy

No/Unknown 14,695 37.6 7356 37.7 7339 37.6

Yes 24,356 62.4 12,170 62.3 12,186 62.4

Chemotherapy

No/Unknown 14,030 35.9 7069 36.2 6961 35.7

Yes 25,021 64.1 12,457 63.8 12,564 64.3
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group [23]. Another study that young age at diagnosis is
associated with lower frequency of luminal A breast can-
cer. The 5-year event-free survival rates of patients aged
less than 40, between 40 and 50, and > 50 years were
54.3 ± 3.5, 68.5 ± 1.9, and 70.4 ± 1.3% [24]. Additionally,
another study shows that breast cancer-specific mortality
for age > 80 was 25.8% at 5 years [25]. In our study, the
nomograms we constructed showed that, compared to
the 40–49 age group, patients aged 18–29 at diagnosis
have a lower risk of death, while patients aged 30–39 at
diagnosis have a higher risk of death. When the age at
diagnosis was ≥50, the risk of death generally showed a

upward trend as age increased (Fig. 2). From Kaplan-
Meier curves, we observed that the BCSS of the ≥80-
year-old subgroup was not as bad as the OS (Fig. 5A, B).
The study by Chu et al. also reported that age affects the
prognosis, and their nomogram also shows that the ≥80-
year-old subgroup had the highest risk compared to the
other subgroups, which is consist with our results. Our
findings suggest that the poor survival prognosis of pa-
tients aged ≥80 years old might be due to reasons other
than the breast cancer itself. There are a number of rea-
sons age may impact the prognosis of patients. First, the
levels of estrogen and progesterone differ amongst

Fig. 2 Nomograms for predicting 1-, 3-, and 5-year OS (A) and BCSS (B) for patients with the indicated prognosis factors. Summing up points
from all predictors could obtain total points. The predicted probabilities of OS and BCSS can be obtained by projecting the location of the total
points to the bottom scales. NO. nodes: number of positive lymph nodes; OS, overall survival; BCSS, breast cancer-specific survival
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Fig. 3 Calibration plots for the 1-, 3-, and 5-year. (A, B, C) Internal calibration curves for OS; (D,E,F) external calibration curves for OS; (G, H, I)
internal calibration curves for BCSS; (J, K, L) external calibration curves for BCSS. OS, overall survival; BCSS, breast cancer-specific survival
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patients in different age groups, and the levels of estro-
gen and progesterone are important factor that affect
the occurrence and prognosis of breast cancer. Second,
older patients are more likely to have chronic diseases,
such as high blood pressure and diabetes. These diseases
can also affect the survival of patients. Third, a study
reported that older patients have a higher risk of venous
thromboembolism after receiving chemotherapy or
endocrine therapy [26].
Studies by Chu et al. and Wang et al. have observed

that race is a factor related to the prognosis of breast
cancer [19, 27]. From our nomograms, we observed
American Indian/Alaska Native and Asian/Pacific
Islander women have a lower risk of death compared to
Caucasian women, while black women have a higher risk
of death (Fig. 2). This is likely due to various reasons,
such as medical conditions and environmental factors. A
study reported that people often seek health care closer
to them than at a greater distance [28]. The racial demo-
graphics differ in different areas and the incidence of
medical conditions varies from region to region, which
may be related to the stage at which the breast cancer is
diagnosed and the conditions for the treatment of breast
cancer. Being diagnosed at an advanced stage is often

accompanied with poorer living conditions, ultimately
affecting the prognosis of breast cancer [29].
The number of positive lymph nodes is one of the

most important factors affecting the prognosis of
patients with luminal A breast cancer. Studies by Han
et al. and Herr et al. reported that the prognosis of
patients with more than 3 positive lymph nodes was
significantly worse than 1–3 positive lymph nodes in
luminal A breast cancer [16, 30]. It also associated with
distant recurrence. A study showed that patients with a
ratio of ≤20% in the number of positive lymph nodes to
the total number of excised auxiliary lymph nodes had
lower distant recurrence and better OS than those with
a ratio > 20% [31]. In our study, the hazard ratios of OS
and BCSS shows an upward trend as the number of
positive lymph nodes increases (Table 2) The number of
positive lymph nodes is related to perineural invasion,
lymphatic vessel invasion, and tumor size, all of which
can affect the prognosis of luminal A breast cancer [13].
T stage, referring to the size of the tumor, also affects

the prognosis of patients with luminal A subtype breast
cancer. Kustic et al. study have reported larger tumor
was related to poor prognosis and adversely affected
DFS and OS [32]. Our study showed that the median

Fig. 4 ROC curves for the 1-, 3-, and 5-year. (A) Internal calibration plots for OS; (B) external calibration curves for OS;(C) internal calibration plots
for BCSS; (D) external calibration plots for BCSS. OS, overall survival; BCSS, breast cancer-specific survival
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Fig. 5 Kaplan-Meier curves of OS and BCSS for each predictor. (A, B) age; (C, D) race; (E, F) marital status; (G, H) T stage; (I, J) number of positive
lymph nodes; (K, L) Bone metastasis; (M, N) liver metastasis; (O, P) brain metastasis; (Q, R) tumor grade; (S, T) Radiotherapy; (U, V) Chemotherapy;
(W, X) Surgery
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survival time shortened as T stage increased (Fig. 5 G,
H), which is consistent with the observations observed
by Kustic et al. The nomogram constructed by Chu et al
also shows an increased risk of death in the ≥5 cm group
than that of the ≤1 cm group. The survival curve also
shows that the survival time of the ≥5 cm group is no-
ticeably shorter than that of the ≤1 cm group. This result
may be due to the fact that larger tumors are often asso-
ciated with later staging, and it is more likely to have
lymph node metastasis and distant metastasis, which
affects the prognosis of breast cancer [33].
The site of metastasis displays close correlation with

the prognosis of breast cancer, and occurs in the bone,
liver and brain of patients with luminal A breast cancer.
Bone metastasis is the most common site of metastasis
in luminal A breast cancer [34]. Parkes et al. reported
that median survival time of bone-only metastasis is
7.54 years [35], while Wang et al. reported that the me-
dian survival time of liver metastasis was 15months
[36]. Brain metastasis is associated with poor prognosis
of luminal A breast cancer. Kim et al. reported that the
median survival of luminal A subtype in brain metastasis
was 12 months, and it is 14 months for brain metastasis
instead of visceral metastasis [37]. Our nomograms
showed that patients with brain metastasis have the
highest risk of death compared with liver and bone me-
tastasis (Fig. 2). In our Kaplan-Meier curves, patients
with bone metastasis had a similar median survival time
as patients with liver metastasis in lymph node positive,
luminal A breast cancer. Moreover, brain metastasis led
to the shortest median survival time (Fig. 5 K-P). The
reason why brain metastasis contributes to poor progno-
sis is that 80% of patients with breast cancer with brain
metastases are accompanied by other extracranial dis-
eases [38]. Additionally, patients with brain metastases
are often at the later stage of the disease. These factors
contribute the overall poor prognosis of patients with
brain metastases.
The course of treatment also affects the prognosis of

patients with lymph node positive, luminal A breast
cancer. A study by Xue et al. reported that the OS of
patients who underwent surgery was significantly lon-
ger than those treated without surgery (34 months
versus 23 months, respectively) [39]. Surgery in auxi-
liary lymphadenectomy can improve the survival of
breast cancer patients with lymph node positive breast
cancer [21].
Radiotherapy is another important treatment option.

A study shows that patients with luminal A breast can-
cer have the highest benefit of radiotherapy compared
with other subtypes. This is due to the fact that luminal
A breast cancers are radiosensitive, thus resulting in
better response to the treatment, a reduced risk of
recurrence, and increased survival [40].

Chemotherapy is another common treatment option
for breast cancer patients. For patients with lymph node
positive, luminal A breast cancer, The National Compre-
hensive Cancer Network (NCCN) guidelines recommend
that patients receive chemotherapy regardless of the
number of positive nodes [41]. Previous studies have
also shown that patients with lymph node-positive, lu-
minal A breast cancer can benefit from chemotherapy,
which can prolong OS [42, 43]. However, not all patients
with lymph node-positive, luminal A subtype breast
cancer will benefit from chemotherapy. The National
Surgical Adjuvant Breast and Bowel Project (NSABP)
B20 and Southwest Oncology Group (SWOG) 8814
supposed that whether chemotherapy was needed was
determined by the Oncotype DX 21-gene recurrence
score (RS) [44, 45]. The SWOG 8814 study showed that
postmenopausal women with lymph node-positive lu-
minal A subtype breast cancer with low (< 18) or moder-
ate (18 < RS < 31) recurrence scores do not benefit from
chemotherapy [44]. In our work, surgery was considered
to be the most important treatment option compared with
chemotherapy and radiotherapy, according to the nomo-
gram (Fig. 2). Patients who received radiotherapy, and
surgery can prolong OS and BCSS according to Kaplan-
Meier curves, but chemot, breaherapy did not improved
BCSS as significantly as it improved OS (Fig. 5 S-X).
Other factors, such as breast feeding, marital status,

and exposure to certain drug extracts, may also affect
the prognosis of the patients with luminal A, lymph
node-positive breast cancer. A previous study reported
that breastfeeding may decrease the risk of breast cancer
[46], and another study reported that breastfeeding may
be related to the occurrence and prognosis of breast
cancer [47]. With regard to marital status, a systematic
review reported that unmarried women are more likely
to develop advanced stage breast cancer, and that a
spouse may represent an advantage for providing practical
assistance and support that may lead to the early detection
of the breast cancer [48]. Lastly, the hydroalcoholic extract
of garden sage has been shown to inhibit the angiogenesis
of breast cancer cell lines, thereby potentially improving
the prognosis of patients with breast cancer [49].
Our study has established a prognostic model for pa-

tients with luminal A, lymph node-positive breast cancer,
and our verification has shown that it has high accuracy
and sensitivity. Besides, compared with previous similar
studies, we have included the treatment method as a pre-
dictive factor, which could provide references for clini-
cians to choose appropriate treatment options for these
patients. However, our study has several limitations. First,
deviations due to race may exist in the study population
due to the fact that most of the population in the SEER
database is Caucasian. Therefore, whether our nomogram
is applicable in other regions outside the United States of

Li and Ma BMC Cancer          (2021) 21:965 Page 14 of 17



America needs to be investigated. Second, although in-
ternal and external validations were used to evaluate the
performance of the nomograms, validating the nomo-
grams in cohorts outside of the SEER program is still
needed. Third, the SEER database lacks information about
targeted therapy and endocrine therapy, so the effect of
these treatments on the prognosis of patients with lymph
node-positive, luminal A breast cancer could not be deter-
mined. Lastly, due to the lack of information in the SEER
database, unknown information on chemotherapy and
radiotherapy may affect the accuracy of our predictions.
Therefore, further prospective studies are needed to
guarantee the performance of our nomograms [21].

Conclusion
Based on the information from the SEER database, no-
mograms were built to predict survival for lymph node
positive, luminal A subtype of breast cancer. Compared
with previous studies, this is the first nomogram that
incorporates treatment as a predictor to predict the
prognosis of luminal A, lymph node-positive breast can-
cer. Our validation analysis showed that the actual and
nomogram-predicted survival probabilities were consist-
ent and that our nomogram displays good discrimin-
ation. However, most of the population in the SEER
database are Caucasian, and the lower proportion of
blacks and Asians may affect the sensitivity and accuracy
of the nomogram’s predictive qualities in these popula-
tions. The nomograms may provide clinicians with more
information about the risky sides for each prognostic
factor and may assist clinicians choosing the proper
treatments that will increase the 1-, 3-, and 5-year OS
and BCSS of patients with lymph node positive, luminal
A breast cancer.
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