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	 Background:	 The objectives of this study were to evaluate the cumulative incidence of breast cancer-specific death (BCSD) 
and other cause-specific death in elderly patients with breast cancer (BC) and to develop an individualized no-
mogram for estimating BCSD.

	 Material/Methods:	 Data were retrieved from the Surveillance, Epidemiology, and End Results program. A total of 25 241 patients 
older than 65 years with stage I–III BC diagnosed between 2004 and 2008 was included in the study cohort. 
We used the cumulative incidence function (CIF) to describe the cause-specific mortality and Gray’s test to 
compare the differences in CIF among the groups. Fine and Gray’s proportional subdistribution hazard model 
was applied to validate the independent prognostic factors, upon which the competing-risks nomogram and 
web-based calculator was built. The performance of the nomogram was assessed with the C-indexes and cal-
ibration plot diagrams.

	 Results:	 After data screening, 25 241 cases were included for statistical analysis. In the training cohort, the 5-, 8-, and 
10-year cumulative incidence of BCSD was 5.7, 8.1, and 9.1%, respectively. Ten independent prognostic factors 
associated with BCSD were identified. The C-index of the nomogram was 0.818 (0.804–0.831) in the training 
cohort and 0.808 (0.783–0.833) in the validation cohort. Calibration plot diagrams showed near-ideal consis-
tency between the predicted probabilities and actual observations.

	 Conclusions:	 We built a reliable dynamic nomogram for predicting BCSD in elderly patients, and this individualized predictive 
tool is favorable for risk classification and complex personalized treatment decision making in clinical practice.
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Background

Breast cancer (BC) is the most common cancer and was the 
leading cause of cancer death in females worldwide in 2018, 
accounting for an estimated 24.2% of new cancer diagnoses 
and 15.0% of cancer deaths [1]. In the United States, there 
were 317 468 new cases in 2011–2015, of which approximately 
43.2% were in women 65 years or older [2]. The probability of 
developing invasive BC among women ages >70 has increased 
to 1 in 15, compared with 1 in 52 among women ages <49 in 
2018 [3]. With the world population aging [4], the elderly will 
continue to be a large component of BC patients.

BC in older women, compared with their younger counter-
parts, has distinctive biological and clinical characteristics. 
Syed et al. [5] reported that a high expression of estrogen 
receptor (ER), progesterone receptor (PR), BCL2, and MUC1, 
along with a low expression of human epidermal growth fac-
tor receptor-2 (HER-2), epidermal growth factor receptor, Ki-
67, and p53, is more frequently observed in the tumor biolo-
gy of the elderly. According to the San Antonio Breast Cancer 
Database and the Surveillance, Epidemiology, and End Results 
(SEER) program of the National Cancer Institute, the propor-
tion of ER-positive patients in the 65-year-old group is 4–8% 
more than those in the 55- to 64-year-old group [6], who are 
good candidates for endocrine therapy.

Increasing age, however, confers high risks for loss of function 
and numerous chronic health problems, such as ischemic heart 
disease, diabetes, hypertension, and arthritis [7]. Inevitably, 
physiological decline signifies a reduced tolerance to treat-
ments. Additionally, corresponding to the lack of prospective 
studies for the elderly with BC [8–10], the evidence and guide-
lines for treatment in this population are insufficient. Given all 
these complexities, clinicians are challenged with proposing 
reasonable treatment strategies for this population.

Consequently, it is of great significance to develop a model for 
evaluating disease risk on a personalized level. Nomograms 
constructed on the basis of prognostic factors are increasing-
ly becoming widely applied to quantify the likelihood of the 
specific events of interest [11–14]. Likewise, this kind of con-
venient and practical tool can be used to predict the mortal-
ity resulting from BC for elderly patients, potentially facilitat-
ing the screening of individuals in need of positive treatment 
strategies and intensive caring intervention. In this study, a no-
mogram was built by competing-risks analysis based on data 
from the SEER database, and after validation, the nomogram 
manifested an excellent predictive ability.

Material and and Methods

Study population

Data for this retrospective study were obtained from the SEER 
program, which consists of 18 population-based cancer reg-
istries, for the period 1973–2015 [15]. To ensure integrated 
data and adequate follow-up time, the clinicopathological in-
formation of patients diagnosed between 2004 and 2008 was 
collected from SEER*Stat Version 8.3.5 (http://www.seer.can-
cer.gov/seerstat). The inclusion criteria to identify eligible pa-
tients were as follows: 1) female; 2) age 65 years or older at 
diagnosis; 3) BC as the first and only primary malignancy; 4) 
diagnosis confirmed by positive histology other than by au-
topsy or death certificate only; 5) unilateral BC; 6) breast-ad-
justed American Joint Committee on Cancer (AJCC) 6th edition 
(1998+) stage I–III; 7) surgical treatment with either breast-
conserving surgery (BCS) or mastectomy; and 8) active follow-
up. Simultaneously, patients diagnosed with inflammatory BC 
or Paget’s disease were excluded, as were those with missing 
information on marital status, race, histological grade, tumor 
(T) and nearby lymph node (N) stage, ER and PR status, and 
survival data. After a detailed screening, a total of 25 241 pa-
tients was eventually enrolled in our study. Data were analyzed 
according to the following clinicopathological characteristics: 
age (65–75 or 75+ years), marital status (unmarried or mar-
ried), race (white, black, or others), histological type (invasive 
ductal carcinoma [IDC], invasive lobular carcinoma, or others), 
histological grade (I, II, or III/IV), laterality (left or right), ER and 
PR status (positive or negative), T stage (T1, T2, T3, or T4), N 
stage (N0, N1, N2, or N3), and surgery (BCS or mastectomy).

Statistical analysis

To establish and validate a competing-risks nomogram, the eli-
gible patients were divided randomly into a training cohort (20 
798) for building the model and a validation cohort (4443) for 
evaluating model performance. Breast cancer-specific death 
(BCSD) was measured as the time from the date of diagno-
sis to death attributed to BC, the date of the last follow-up or 
December 31, 2015 (if date of last contact was after 2015). 
Other cause-specific death (OCSD) was defined as competing 
outcomes. Cumulative incidence function (CIF) was applied to 
describe the probability of BCSD and OCSD grouped by age, 
marital status, race, histological type, histological grade, lat-
erality, T and N stage, ER and PR status, and surgery; the dif-
ferences of cause-specific deaths in CIF among the categori-
cal groups were estimated with Gray’s test [16].

Variables with P<0.05 in the univariate analysis were entered 
into a multivariate competing-risks survival analysis via the pro-
portional subdistribution hazard model by Fine and Gary [17]. 
Subsequently, we constructed a competing-risks nomogram 
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on the basis of the model we developed to predict the prob-
ability of mortality due to BC at 5, 8, and 10 years. To evalu-
ate the model performance, the nomogram was subjected to 
validation both internally and externally with a 1000-resam-
pling bootstrap method. The concordance index (C-index) val-
ue was used to quantify the discrimination performance [18], 
and calibration curves were plotted to visually assess the cal-
ibration, which compared the nomogram-predicted probabil-
ities with the observed marginal cumulative incidence. The 
C-index ranges from 0.5 to 1.0, indicating random chance to 
a perfectly precise discrimination. For a well-calibrated model, 
the dots in the calibration curve should be located close to a 
45° diagonal line. Finally, we used the “shiny” and “DNbuilder” 
packages to generate a web-based BCSD calculator, which can 
dynamically predict cancer-specific death rates (https://www.
shiny apps.io/).

All statistical analyses were performed using SPSS software, 
version 23 (IBM Corporation, Armonk, NY, USA) and R ver-
sion 3.5.2 software (Institute for Statistics and Mathematics, 
Vienna, Austria; http://www.r-project.org/), with the R packag-
es cmprsk [19], rms [20], and mstate [21] for developing the 
model and nomogram and the package pec [22] for evaluating 
model performance. All P-values were two sided and P<0.05 
was considered statistically significant.

Results

Patient’s baseline characteristics

A total of 25 241 eligible patients (20 798 patients in the train-
ing cohort and 4443 patients in the validation cohort) with his-
tologically confirmed invasive BC was included in this study. 
The demographic and baseline characteristics of these pa-
tients are shown in Table 1. In the entire population, the ma-
jority of patients were married (85.4%) and white (86.7%). Of 
all the histological types, most cases were of infiltrating duc-
tal carcinoma (72.6%). Of the patients treated with surgery, 
64.8% underwent BCS, whereas 35.2% received mastectomy.

Univariate and multivariate analysis

The median follow-up time was 98 (interquartile range 84–117) 
months. In total, 7480 patients (29.6%) died during the follow-
up period, of whom 2271 patients (9.0%) died from BC and 
5209 patients (20.6%) died from other causes. For the train-
ing cohort, the 5-, 8-, and 10-year cumulative incidences of 
BCSD stratified by clinicopathological parameters are shown 
in Table 2, and those of OCSD are displayed in Supplementary 
Table 1. The 5-, 8-, and 10-year estimates of the crude cumu-
lative incidence of BCSD were 5.7, 8.1, and 9.1%, respective-
ly, and that of OCSD were 9.1, 17.3, and 23.0%, respectively, 

which were almost twice as much as that of BCSD. The cumu-
lative incidences of BCSD were strongly associated with all the 
variables (P<0.001), except laterality (P=0.170), and OCSD dif-
fered significantly between those with different ages (P<0.001), 
marital status (P<0.001), race (P<0.001), T stage (P<0.001), and 
surgery (P<0.001) in the univariate analysis. The differences of 
BCSD and OCSD discovered by Gray’s test in all categorical vari-
ables were presented visually in Figure 1 and Supplementary 
Figure 1, respectively.

Multivariate analysis further validated the following variables 
used for building the BCSD model: age, marital status, race, 
histological type, histological grade, ER and PR status, T and 
N stage, and surgery. Coefficients and subdistribution haz-
ard ratios (sdHRs) from the multivariable analysis for building 
the model are presented in Table 3. Both age and marital sta-
tus were significant independent predictors for BCSD, with a 

sdHR of 1.43 (1.30–1.58) and 0.73 (0.65–0.82) for patients old-
er than 75 years and who were married, respectively. Patients 
with grade III/IV or II were more likely to die of BC than those 
with grade I. Moreover, positive ER and PR predicted a low-
er incidence of BCSD, with sdHR values of 0.33 (0.20–0.37) 
and 0.38 (0.35–0.42), respectively. Notably, advanced T and N 
stages led to a higher likelihood of BCSD. Compared with pa-
tients who underwent BCS, patients who underwent mastec-
tomy had an increase in the probability of BCSD, with a sdHR 
of 2.81 (2.56–3.10).

Construction and validation of the competing-risks 
nomogram

All of the validated factors were incorporated to develop the 
competing-risks nomogram for predicting the 5-, 8-, and 10-
year probability of BCSD by calculating the sum of the point 
values corresponding to each patient’s characteristics. Figure 2 
shows that the N stage was the strongest contributor to BCSD, 
followed by the T stage and histological grade. The model 
showed a great discriminative ability in both the internal and 
external calibrations, with C-indexes of 0.818 (0.804–0.831) 
and 0.808 (0.783–0.833), respectively. The calibration plots 
in Figure 3 indicated that the nomogram was well calibrated 
because the predicted probability of mortality and the actu-
al observations showed near-ideal consistency. According to 
these results, we built a web-based calculator (https://bcsd.
shinyapps.io/DynNomapp/) to predict the BCSD of the elderly 
patients on the basis of the nomogram. As shown in Figure 4, 
the dynamic nomogram predicted the mortality of patients 
according to their clinical characteristics. For example, the 
8-year BCSD was approximately 47.0% (95% confidence inter-
val 39.0–58.0%) for patients ages 65–74 years, married, black 
race, IDC, grade II, with T3, N2 disease, ER negative, PR nega-
tive, with mastectomy.
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Characteristics

All patients Training cohort Validation cohort

N=25 241 N=20 798 N=4443

n % n % n %

Age

	 65–74 16 183 64.1 13 348 64.2 2835 63.8

	 75+ 9058 35.9 7450 35.8 1608 36.2

Marriage

	 Unmarried 3680 14.6 3039 14.6 641 14.4

	 Married 21 561 85.4 17 759 85.4 3802 85.6

Race

	 White 21 887 86.7 18 031 86.7 3856 86.8

	 Black 1591 6.3 1299 6.2 292 6.6

	 Other* 1763 7.0 1468 7.1 295 6.6

Histology

	 IDC 18 320 72.6 15 140 72.8 3180 71.6

	 ILC 2085 8.3 1761 8.5 324 7.3

	 Other** 4836 19.2 3897 18.7 939 21.1

Grade

	 I 6734 26.7 5535 26.6 1199 27.0

	 II 11 491 45.5 9487 45.6 2004 45.1

	 III/IV 7016 27.8 5776 27.8 1240 27.9

Laterality

	 Left 12 842 50.9 10 607 51.0 2235 50.3

	 Right 12 399 49.1 10 191 49.0 2208 49.7

ER status

	 Negative 4137 16.4 3381 16.3 756 17.0

	 Positive 21 104 83.6 17 417 83.7 3687 83.0

PR status

	 Negative 7400 29.3 6011 28.9 1389 31.3

	 Positive 17 841 70.7 14 787 71.7 3054 68.7

T stage

	 T1 17 419 69.0 14 386 69.2 3033 68.3

	 T2 6532 25.9 5341 25.7 1191 26.8

	 T3 785 3.1 664 3.2 121 2.7

	 T4 505 2.0 407 2.0 98 2.2

N stage

	 N0 18 679 74.0 15 455 74.3 3224 72.6

	 N1 4683 18.6 3854 18.5 829 18.7

Table 1. Patients’ demographics and baseline characteristics.
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Table 1 continued. Patients’ demographics and baseline characteristics.

Characteristics

All patients Training cohort Validation cohort

N=25 241 N=20 798 N=4443

n % n % n %

	 N2 1192 4.7 933 4.5 259 5.8

	 N3 687 2.7 556 2.7 131 2.9

Surgery

	 BCS 16345 64.8 13514 65.0 2831 63.7

	 Mastectomy 8896 35.2 7284 35.0 1612 36.3

Cause of death

	 No events 17 761 70.4 15 084 72.5 2677 60.3

	 BCSD 2271 9.0 1748 8.4 523 11.8

	 OCSD 5209 20.6 3966 19.1 1243 28.0

IDC – infiltrating ductal carcinoma; ILC – infiltrating lobular carcinoma; ER – estrogen receptor; PR – progesterone receptor; 
BCS – breast-conserving surgery; BCSD – breast cancer-specific death; OCSD – other cause-specific death; T – tumor stage; N – nearby 
lymph node stage. * Including American Indian/Alaskan native and Pacific Islander; ** including other histology of invasive breast 
cancer except IDC and ILC.

Characteristics
BCSD

Events (%) 5-y (%) 8-y (%) 10-y (%) P-value

Total 	 1748	 (100.0) 5.7 8.1 9.2

Age <0.001

	 65–74 	 981	 (56.1) 4.6 7.0 8.2

	 75+ 	 767	 (43.9) 7.6 10.1 11.0

Marriage <0.001

	 Unmarried 	 325	 (18.6) 7.5 10.6 11.6

	 Married 	 1423	 (81.4) 5.4 7.7 8.8

Race <0.001

	 White 	 1475	 (84.4) 5.5 7.9 9.0

	 Black 	 166	 (9.5) 9.4 12.7 13.4

	 Other* 	 107	 (6.1) 5.0 7.2 8.1

Histology <0.001

	 IDC 	 1326	 (75.9) 6.2 8.5 9.6

	 ILC 	 172	 (9.8) 5.0 9.2 11.3

	 Other** 	 250	 (14.3) 4.3 6.2 6.9

Grade <0.001

	 I 	 138	 (7.9) 1.3 2.4 2.7

	 II 	 648	 (37.1) 4.0 6.4 7.8

	 III/IV 	 962	 (55.0) 12.8 16.4 17.7

Table 2. 5-, 8-, 10-Year cumulative incidences of BCSD among patients with breast cancer in the training cohort.

e925210-5
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Lu X. et al.: 
Nomogram for predicting breast cancer-specific mortality…
© Med Sci Monit, 2020; 26: e925210

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



Discussion

With the rapid development of precision medicine, clinicians 
need to develop individualized treatment and follow-up strat-
egies for patients, which requires more reliable and conve-
nient assessment models. Nomograms integrate both clinical 
and demographic characteristics into a comprehensive model 
for predicting the long-term survival of patients. Furthermore, 
web-based calculators based on the nomogram improve the ap-
proachability of the predictive model. In this study, we identified 

10 predictors for BCSD by means of a competing-risk analysis 
that included age, marital status, race, histological type, his-
tological grade, ER and PR status, T and N stage, and surgery, 
and then established a novel dynamic nomogram. Therefore, 
clinicians could evaluate a patient’s BCSD much more effec-
tively and then create personalized treatment strategies and 
follow-up plans. To the best of our knowledge, this is the first 
nomogram constructed for predicting BCSD in elderly patients.

Table 2 continued. 5-, 8-, 10-Year cumulative incidences of BCSD among patients with breast cancer in the training cohort.

Characteristics
BCSD

Events (%) 5-y (%) 8-y (%) 10-y (%) P-value

Laterality 0.170

	 Left 	 919	 (52.6) 5.8 8.3 9.6

	 Right 	 829	 (47.4) 5.6 7.9 8.8

ER status <0.001

	 Negative 	 611	 (35.0) 15.0 18.0 18.8

	 Positive 	 1137	 (65.0) 3.9 6.2 7.4

PR status <0.001

	 Negative 	 877	 (50.2) 11.5 14.4 15.4

	 Positive 	 871	 (49.8) 3.4 5.6 6.7

T stage <0.001

	 T1 	 587	 (33.6) 2.5 3.9 4.6

	 T2 	 811	 (46.4) 10.6 14.9 16.5

	 T3 	 193	 (11.0) 20.6 28.0 31.4

	 T4 	 157	 (9.0) 30.3 38.5 39.7

N stage <0.001

	 N0 	 688	 (39.4) 2.8 4.3 5.0

	 N1 	 561	 (32.1) 9.9 14.0 15.8

	 N2 	 257	 (14.7) 19.8 26.9 29.6

	 N3 	 242	 (13.8) 32.3 42.8 47.0

Surgery <0.001

	 BCS 	 719	 (41.1) 3.5 5.0 6.0

	 Mastectomy 	 1029	 (58.9) 9.9 13.9 15.2

IDC – infiltrating ductal carcinoma; ILC – infiltrating lobular carcinoma; ER – estrogen receptor; PR – progesterone receptor; 
BCS – breast-conserving surgery; BCSD – breast cancer-specific death; OCSD – other cause-specific death; T – tumor stage; N – nearby 
lymph node stage. * Including American Indian/Alaskan native and Pacific Islander; ** including other histology of invasive breast 
cancer except IDC and ILC.
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Figure 1. �Cumulative incidence functions curves of breast cancer-specific death (BCSD) by patients’ characteristic.

Competing-risks events pervasively exist in clinical studies for 
elderly patients, a frail population commonly accompanied by 
various chronic diseases, and the occurrence of death due to 
other causes may arise before and preclude that of the event 
of interest. Considering this, the Kaplan-Meier method and 
Cox proportional hazards regression model, which are usual-
ly used in survival analysis, were not appropriate for the com-
peting-risks framework because the use of the Kaplan-Meier 
survival function leads to crude estimates of incidence biased 
upward, regardless of whether the competing events are in-
dependent of one another [23,24]. To address this problem, 
Gray’s test and the proportional subdistribution hazard mod-
el are recommended for statistical analysis in the presence of 
competing risks.

Bastiaannet et al. [25] proved that the percentage of patients 
above age 75 who die from their BC is less than 50% and the 
percentage of deaths due to other causes increases with age. 

Similarly, our results showed that the incidence of OCSD is 
higher than that of BCSD at any time point for patients over 65 
years in all categories, except for those with T3 and T4 stage 
and N2 and N3 stage. As Supplementary Table 1 showed, the 
factors associated with OCSD are age, marriage, race, T stage, 
and surgery. Of interest, there are six other factors including 
N stage that showed no statistical significance with OCSD in 
our research. OCSD is literally defined as the death caused by 
reasons other than breast cancer. It is certain that the clini-
copathologic factors of breast cancer, such as N stage, have 
less influence on OCSD than BCSD. As the follow-up contin-
ued, the percentage gain of OCSD was much greater than that 
of BCSD. As previously mentioned, it is necessary to consider 
competing-risk events when evaluating a patient’s disease-
specific mortality.

In our study, we found that increasing age was a strongly inde-
pendent predictive factor for an elevated probability of BCSD. 

e925210-7
Indexed in:  [Current Contents/Clinical Medicine]  [SCI Expanded]  [ISI Alerting System]   
[ISI Journals Master List]  [Index Medicus/MEDLINE]  [EMBASE/Excerpta Medica]   
[Chemical Abstracts/CAS]

Lu X. et al.: 
Nomogram for predicting breast cancer-specific mortality…
© Med Sci Monit, 2020; 26: e925210

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



Characteristics Coefficient sdHR (95% CI) P-value

Age

	 65–74 Reference

	 75+ 0.360 	 1.43	 (1.30–1.58) <0.001

Marriage

	 Unmarried Reference

	 Married –0.314 	 0.73	 (0.65–0.82) <0.001

Race

	 White Reference

	 Black 0.482 	 1.62	 (1.38–1.90) <0.001

	 Other* –0.108 	 0.90	 (0.74–1.09) 0.280

Histology

	 IDC Reference

	 ILC 0.100 	 1.11	 (0.94–1.29) 0.210

	 Other** –0.332 	 0.72	 (0.63–0.82) <0.001

Grade

	 I Reference

	 II 1.030 	 2.80	 (2.33–3.37) <0.001

	 III/IV 1.980 	 7.25	 (6.07–8.66) <0.001

ER status

	 Negative Reference

	 Positive –1.107 	 0.33	 (0.20–0.37) <0.001

PR status

	 Negative Reference

	 Positive –0.969 	 0.38	 (0.35–0.42) <0.001

T stage

	 T1 Reference

	 T2 1.383 	 3.99	 (3.59–4.43) <0.001

	 T3 2.130 	 8.41	 (7.14–9.91) <0.001

	 T4 2.506 	 12.30	 (10.20–14.70) <0.001

N stage

	 N0 Reference

	 N1 1.245 	 3.47	 (3.11–3.88) <0.001

	 N2 1.472 	 4.36	 (3.83–4.96) <0.001

	 N3 1.589 	 4.90	 (4.30–5.58) <0.001

Surgery

	 BCS Reference

	 Mastectomy 1.035 	 2.81	 (2.56–3.1) <0.001

Table 3. Proportional subdistribution hazard model of probabilities of BCSD for patients in the training cohort.

IDC – infiltrating ductal carcinoma; ILC – infiltrating lobular carcinoma; ER – estrogen receptor; PR – progesterone receptor; 
BCS – breast-conserving surgery; BCSD – breast cancer-specific death; OCSD – other cause-specific death; sdHR – subdistribution 
hazard ratio; CI – confidence interval; T – tumor stage; N – nearby lymph node stage. * Including American Indian/Alaskan native and 
Pacific Islander; ** including other histology of invasive breast cancer except IDC and ILC.
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This finding was consistent with the findings from a prospec-
tive study of postmenopausal women [26], in which the HRs 
for patients ages 65–74 years and ³75 years were 1.12 (95% 
CI, 0.94–1.34) and 1.66 (95% CI, 1.34–2.06), respectively, with 
patients ages <65 years as the reference. On one hand, age 
added a layer of biological complexity beyond BC molecular 
subtypes and classic pathological and clinical variables [27]. On 
the other hand, compared with their younger counterparts, old-
er patients are prone to nonstandard treatment due to a lower 
tolerance to surgery, chemotherapy, and radiotherapy [28,29].

Multiple clinical trials have proved that BCS+radiotherapy (RT) 
has an equal or better effect than mastectomy [30–32]. However, 
in our study, we found that surgery is an independent prog-
nostic factor, unlike previous studies. For this result, we think 
there are two reasons: One is that we didn’t include RT data. 
We dropped the treatment data because of the lack of RT in-
formation. This may lead to bias of surgery result. The other is 
that the choice of treatment options are influenced by the pa-
tient’s wishes and their physical condition, especially for elderly 

patients. For example, some early-stage patients with a poor 
physical condition may refuse RT considering its side effects. 
Surgery is an independent factor in our results, but it is influ-
enced by certain factors in reality. Actually, among four main 
therapies including surgery, chemotherapy, endocrine therapy, 
and RT, endocrine therapy is offered for treatment strategies 
more frequently. ER and PR positivity is more common in el-
derly patients than in younger patients [6,33], indicating that 
the elderly are more likely to be sensitive to endocrine therapy. 
Additionally, endocrine therapy offers great benefit to elderly 
patients considering its equivalent efficacy to chemotherapy 
with a low risk of toxicities if appropriately used [34]. Although 
the conventional treatment for breast cancer is surgical resec-
tion, several prospective clinical trials have indicated much bet-
ter outcomes for older patients with small, HR-positive tumors 
who receive tamoxifen alone than surgery [35]. The informa-
tion above is consistent with our finding that ER and PR were 
protectors against BCSD. However, because of the limited ac-
cess to the SEER database, information on endocrine treatment 
can’t be acquired. This hinders us from further exploration.
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Figure 2. �Competing-risks nomogram for predicting 5-, 8- and 10-year probabilities of breast cancer-specific death (BCSD) in elderly 
patients with breast cancer.
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Figure 3. �Internal calibration curves for (A) 5-, (B) 8-, and (C) 10-year breast cancer-specific death (BCSD) and external calibration 
curves for (D) 5-, (E) 8-, and (F) 10-year BCSD.

Figure 4. �A patient age 65–74 years, married, 
black race, invasive ductal carcinoma 
(IDC, grade II, with tumor (T)3, nearby 
lymph node (N)2 disease, estrogen 
receptor (ER)-negative, progesterone 
(PR)-negative with mastectomy was 
evaluated using the web-based 
calculator.
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Before applying treatment to patients, it’s necessary to build 
an effective and convenient tool to identify high-risk patients 
who need intensive treatment and clinical care. Though the 
TNM staging system for BC is an important prognostic predic-
tor, the fact that certain significant prognostic factors such as 
age are not included cannot be ignored and may result in bias 
to some extent when evaluating a patient’s survival. This no-
mogram incorporates not only parameters from the interna-
tional AJCC but also some individual demographic and path-
ological characteristics and presents a prognostic numerical 
value. Thus, it provides enhanced comprehensiveness and 
convenience. Nevertheless, unavailable data on some charac-
teristics regarding geriatric assessment is not included in the 
models, such as comorbidities, physical function status, men-
tal health, and social support, which may make a difference in 
prognosis and clinical decision making [9,36]. This important 
part in optimal treatment tailoring must be considered when 
applying our nomogram.

There were certain limitations in our study that should be men-
tioned. First, adjuvant therapies such as chemotherapy and RT 
are not included in this study because of their incomplete and 
ambiguous data; for example, the categories “no treatment” 
and “unknown if patients received treatment” can’t be distin-
guished for RT, and because of the large possibility of under-
treatment in adjuvant therapies for elderly patients, bias may 
be involved in the statistical analysis if they were selected as 
candidate factors in the model, so we excluded this informa-
tion even if it made a difference in prognosis. Unfortunately, 
several significant characteristics and follow-up informa-
tion associated with prognosis were also not provided by the 
SEER database, including HER-2 status, Ki-67 positivity, tumor 

progression, and subsequent metastasis, which affects the ef-
fectiveness of our model certainly. Second, nearly half of the 
patients were excluded because of a lack of specific data. As a 
result, selection bias could affect our findings because of this 
underlying preference. Third, this was a single data-set study. 
To enhance the persuasiveness of the model, investigation 
from other centers or databases is needed for model valida-
tion. Finally, subject to retrospective methodology, the nomo-
gram is supposed to be confirmed and supplemented via fur-
ther prospective studies before clinical application.

Conclusions

In conclusion, we estimated the cumulative incidence of BCSD 
and OCSD in elderly patients diagnosed with BC on the basis 
of a large population-based cohort. A web-based dynamic no-
mogram predicting the 5-, 8-, and 10-year incidence of BCSD 
was built on the basis of 10 independent prognostic factors 
identified by a competing-risks analysis. The model performed 
excellently, and we hope that it can help clinicians evaluate 
patient risk of BCSD more effectively and propose individual-
ized treatment strategies.
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Supplementary Data

Characteristics
OCSD

Events (%) 5-y (%) 8-y (%) 10-y (%) P-value

Total 	 3966 	 (100.0) 9.1 17.3 23.0

Age <0.001

	 65–74 	 1450 	 (36.6) 4.8 9.7 13.4

	 75+ 	 2516 	 (63.4) 17.0 30.8 39.9

Marriage <0.001

	 Unmarried 	 765 	 (19.3) 13.2 23.3 30.0

	 Married 	 3201 	 (80.7) 8.4 16.2 21.8

Race <0.001

	 White 	 3483 	 (87.8) 9.2 17.5 23.2

	 Black 	 286 	 (7.2) 11.5 20.4 26.2

	 Other* 	 197 	 (5.0) 5.9 11.7 17.6

Histology 0.621

	 IDC 	 2864 	 (72.2) 9.1 17.1 23.0

	 ILC 	 327 	 (8.3) 9.5 17.4 21.8

	 Other** 	 775 	 (19.5) 9.0 17.7 23.5

Grade 0.537

	 I 	 1031 	 (26.0) 8.3 16.7 23.0

	 II 	 1832 	 (46.2) 9.2 17.5 23.3

	 III/IV 	 1103 	 (27.8) 9.8 17.3 22.3

Laterality 0.086

	 Left 	 1969 	 (49.6) 9.2 16.9 22.2

	 Right 	 1997 	 (50.4) 9.1 17.7 23.8

ER status 0.987

	 Negative 	 643 	 (16.2) 10.2 17.3 22.4

	 Positive 	 3323 	 (83.8) 8.9 17.3 23.1

PR status 0.631

	 Negative 	 1158 	 (29.2) 10.0 17.6 22.4

	 Positive 	 2808 	 (70.8) 8.8 17.1 23.2

T stage <0.001

	 T1 	 2524 	 (63.6) 7.7 15.6 21.7

	 T2 	 1187 	 (30.0) 11.9 20.6 25.6

	 T3 	 147 	 (3.7) 13.3 20.5 24.8

	 T4 	 108 	 (2.7) 17.7 24.9 30.1

N stage 0.222

	 N0 	 2986 	 (75.3) 9.0 17.4 23.6

	 N1 	 707 	 (17.8) 9.1 16.5 21.5

	 N2 	 183 	 (4.6) 11.2 18.4 21.8

	 N3 	 90 	 (2.3) 9.9 16.0 17.4

Supplementary Table 1. 5-, 8-, 10-Year cumulative incidences of OCSD among patients with breast cancer in the training cohort.
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Supplementary Table 1 continued. �5-, 8-, 10-Year cumulative incidences of OCSD among patients with breast cancer in the 
training cohort.

Characteristics
OCSD

Events (%) 5-y (%) 8-y (%) 10-y (%) P-value

Surgery <0.001

	 BCS 	 2341 	 (59.0) 7.8 15.4 21.3

	 Mastectomy 	 1625 	 (41.0) 11.7 20.8 26.0

IDC – infiltrating ductal carcinoma; ILC – infiltrating lobular carcinoma; ER – estrogen receptor; PR – progesterone receptor; 
BCS – breast-conserving surgery; BCSD – breast cancer-specific death; OCSD – other cause-specific death; T – tumor stage; N – nearby 
lymph node stage. * Including American Indian/Alaskan native and Pacific Islander; ** including other histology of invasive breast 
cancer except IDC and ILC.
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Supplementary Figure 1. Cumulative incidence function curves of OCSD by patients’ characteristics.
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