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Purpose: Young age is an independent negative predictor of breast cancer (BC) survival and 
correlates with the risk of local recurrence and contralateral BC. We aimed to design an 
effective and comprehensive nomogram to predict prognosis in very young patients with 
curatively resected BC.
Methods: Female patients with a diagnosis of BC aged ≤35 years at presentation were 
identified from the SEER database as a training cohort. The validation cohort consisted of 
1002 consecutive women with BC aged ≤35 years that had received curative resection 
for BC at the Sun Yat-sen University Cancer Center. A nomogram was built based on the 
identified variables in multivariate Cox proportional hazards model. The performance of the 
nomogram was quantified using Harrell’s concordance index (C-index) and calibration 
curves.
Results: Overall, 10,872 young female patients who underwent surgery for BC were 
enrolled in the training cohort, while 1002 very young female BC patients were identified 
as independent validation cohort. Eight covariables (age, race, grade; ER, PR, and HER2 
status; T, and N stages) were identified and incorporated to construct a nomogram. The 
C-index values of the nomogram were 0.727 (95% CI: 0.714–0.740) and 0.722 (95% CI: 
0.666–0.778) for OS in the training and validation cohorts, respectively. The calibration 
curves showed a high degree of agreement between the predicted and actual observed 
survival rates in both training and validation cohorts. The nomogram displayed good 
calibration and acceptable discrimination. Based on the TPS of the nomogram model for 
OS with the X-tile program, patients were divided into 3 risk groups, which were easily 
discriminated on survival analyses for OS.
Conclusion: We have successfully constructed an effective nomogram to predict survival 
outcomes for young female patients with curatively resected BC, which may provide 
individual survival prediction to benefit prognosis evaluation and individualized therapy.
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Introduction
Female breast cancer (BC) has surpassed lung cancer as the most frequently 
diagnosed cancer globally in 2020, accounting for about 1 in 4 all new cancer 
diagnoses and 1 in 6 of all cancer deaths for women.1 In China, BC also remains 
the top malignancy in terms of incidence in women, and accounts for approxi-
mately 15% of total cancer cases and 7% of total cancer deaths.2 Although women 
in China have a lower risk of BC than do women in western countries, this disease 
occurs at a younger median age in Chinese women than in western White women.3 
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Typically, BC in young females exhibits certain patholo-
gical differences, including a more aggressive phenotype, 
less favorable prognosis, and higher risk of recurrence 
compared with older patients.4,5 Besides China, the 
GRELL study in Europe reported that the incidence 
of BC in young women has increased by 1.2% annually, 
especially for women <35 years of age.6 There was also 
a small but statistically significant increase in the inci-
dence of young BC with distant involvement in the United 
States.7 Therefore, BC in young women has become 
a growing concern in clinical practice in the world.

Clinically, the tumor-node-metastasis (TNM) staging 
system is a tool commonly used by oncologists to predict 
disease prognosis.8,9 However, the TNM classification 
alone is insufficient to predict the long-term outcomes of 
all BC cases, especially for very young BC patients. Thus, 
effective prediction models for BC in very young women 
patients are warranted. A nomogram is a reliable tool to 
quantify individual risk that incorporates multiple impor-
tant prognostic factors.10,11 Previously, we established 
effective prognostic nomogram models for very young 
patients with breast cancer in a single-center retrospective 
analysis.11 However, the sample size is small and small 
sample size is insufficient to allow us to perform subgroup 
analysis.

The definition of “BC in young women” in most lit-
erature is BC patients ≤40 years of age.12 In our study we 
included only patients aged ≤35 years as in a recent 
study.13 In this study, we obtained population-based data 
from the Surveillance, Epidemiology, and End Results 
(SEER) database, and developed a nomogram to predict 
the survival of BC in very young women. We also vali-
dated the nomogram using a retrospective cohort in our 
center. We hypothesized a nomogram could be designed 
by combining important clinical and pathological variables 
using a multivariate model to predict the likelihood of 
postoperative long-term prognosis in BC in very young 
women. The large size of the SEER database combined 
with data from our center allows to investigate clinical 
predictors of BC in very young patients and provides 
a detailed description of BC characteristics in this 
population.

Methods
Patient Selection and Data Acquisition
Patients with a diagnosis of BC between 2005 to 2015, and 
aged ≤35 years at presentation were identified from the 

SEER database (covering 18 registries) with the 
SEER*Stat version 8.3.9 (https://seer.cancer.gov/) as 
a training cohort. Variables selected from SEER database 
were as follows: age, sex, race, histologic type ICD-O-3, 
laterality, grade, T stage, N stage and TNM stage (AJCC 
stage group 6th edition), ER status, PR status, HER2 
recode (after 2010), survival months, and vital status. 
Patients were included according to the following criteria: 
(I) female patients, (II) age ≤35 years, (III) diagnosis 
confirmed by histology, (IV) received resection surgery, 
(V) complete data available, with more than 0 days of 
survival. Patients were excluded for the following reasons: 
(I) cases with a diagnosis according to clinical or imaging 
findings or autopsy, (II) cases with unknown variables, 
(III) incomplete data available or complete data available 
but 0 days of survival (Figure 1).

The validation cohort consisted of 1002 consecutive 
women with BC aged ≤35 years and who had received 
curative resection for BC at Sun Yat-sen University Cancer 
Center between 1 July 2002 and 31 July 2018. All patients 
were restaged by the sixth TNM classification system 
for BC.14

Statistical Analysis
The Chi-square test was used to compare categorical vari-
ables. The primary endpoint was overall survival (OS), 
which was defined as the interval from the date of surgery 
to the date of death from any cause. Kaplan-Meier curves 
were drawn for OS, and differences were compared by the 
Log rank test. The Cox proportional hazards model was 
used to perform univariate and multivariate analyses. 
Variables reaching a significant level of 0.1 in univariate 
analyses were included in multivariate analysis.

The nomograms for predicting 3-, 5-, and 10-year OS 
were formulated based on the corresponding independent 
prognostic factors in multivariate analysis. The discrimina-
tion of the nomogram models was evaluated by the Harrell’s 
concordance index (C-index). The value of the C-index 
ranges from 0.5–1.0, with 0.5 implying a random chance 
and 1.0 indicating a perfect prediction. Calibration curves of 
the nomogram models for OS were plotted to measure the 
agreement between predicted and actual outcomes. In addi-
tion, the optimal cutoff value for the scores from nomograms 
in terms of OS was determined by X-tile software,15 and 
patients were divided into three different risk groups (high, 
intermediate, low) according to total prognostic scores 
(TPS). To further validate the performance of the nomogram 
model, we also evaluated the nomograms in the validation 
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cohort. Statistical analyses were performed by the R (version 
3.6.2, http://www.r-project.org/). Two-sided P-values of 
<0.05 were identified as statistically significant.

Results
Baseline Characteristics
The workflow of the SEER data extraction used our study 
is illustrated in Figure 1. A total of 10,872 very young (age 
≤35 years) female patients who underwent surgery for BC 
registered in the SEER database from 2005 to 2015 were 
enrolled in our study. These patients were used as 
a training cohort. Meanwhile, a total of 1002 very young 
female patients who underwent surgery for BC from 2003 
and 2018 were selected from our center between. The 
patients from our center were used as the validation 
cohort. The detailed demographics and clinicopathological 
characteristics of all cases are summarized in Table 1.

More than half of the patients were aged between 31 and 
35 years old in both cohorts. Three of four patients (70.1%) in 
the training cohort were of White race, while all patients were 
Asian in the validation cohort. For both cohorts, most 
patients were diagnosed with tumor grade II/III/IV disease, 
and the most common histological type was ductal cancer.

Independent Predictors in the Training 
Cohort
The hazard ratios (HRs) for OS according to all variables in 
the univariate and multivariate Cox proportional hazards 

model are shown in Figure 2. In univariate analysis, we 
found that age, race, histology, grade, ER status, PR status, 
HER2 status, disease stage, T stage, and N stage were 
identified as significant prognostic factors for OS 
(Figure 2A). When those variables were further analyzed 
in the multivariate analysis, we found that age (P=0.015), 
race (P<0.001), grade (P<0.001), ER status (P<0.001), PR 
status (P<0.001), HER2 status (P<0.001), T stage (P<0.001), 
and N stage (P<0.001) remained statistically significant, 
indicating that they are significant, independent predictors 
for OS (Figure 2B). The associations between several import 
predictors (race, grade, T stage, N stage) and OS is further 
illustrated in Figure 3. The results showed that OS was 
significantly shorter for very young BC patients of Black 
race than for other races (Figure 3A). The survival curves for 
OS stratified by grade, T stage, and N stage separated quite 
well, with high grade, high T stage, and high N stage having 
the worst OS (Figure 3B–D).

Prognostic Nomogram Building and 
Validation
Based on the independent predictors of OS in the multi-
variate analysis identified in the training cohort, nomo-
grams were formulated to predict 3-, 5-, and 10-year OS 
(Figure 4). The model’s explanatory covariables consisted 
of age, race, grade, ER status, PR status, HER2 status, 
T stage, and N stage. Each level of the above variable was 
assigned a score on the scale. By adding the score for each 

Figure 1 Flow diagram of patient selection.
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of the selected variables, a total score was obtained for 
each patient. The 3-, 5-, and 10-year survival probability 
of each patient could be easily calculated by adding the 
scores for each variable. The nomogram showed that 
N stage and T stage contributed the most to prognosis, 
followed by grade, race, PR status, ER status, and age. 
Patients with higher scores in the nomogram corre-
sponded to inferior OS. For instance, for a white women 
aged 21–30 with a T2N1, grade III, ER negative, PR 
negative and HER2 unknown BC, the total score for all 
variables was 303, which corresponded to 3-, 5-, and 10- 
year OS rates of about 88.6%, 80.5%, and 66.2%, 
respectively.

The predictive accuracy of the nomogram system was 
evaluated by calculating the Harrell’s C index. The 
C-index values of the nomogram was 0.727 (confidence 
interval [CI]: 0.714–0.740) and 0.722 (95% CI: 0.666– 
0.778) for OS in the training and validation cohorts, 
respectively, which were higher than the expected value 
of 0.7 for a system having an accurate prediction of OS. 
The C-index of the nomogram in the training cohort is 
shown in Supplementary Figure 1. The results showed that 

Table 1 Patient Characteristics of the Training Cohort and the 
Validation Cohort

Training Cohort 
(n=10,872)

Validation Cohort 
(n=1002)

Age

10–15 5 0
16–20 46 (0.4%) 2 (0.002%)

21–25 568 (6.8%) 56 (5.6%)

26–30 2653 (24.4%) 363 (36.2%)
31–35 7600 (69.9%) 577 (57.6%)

Race

White 7623 (70.1%) 0

Black 1666 (15.3%) 0
Asian or Pacific 

Islander

1427 (13.1%) 1002 (100%)

American Indian/ 
Alaska Native

73 (0.7%) 0

Unknown 83 (0.8%) 0

Lateral

Right 5459 (50.2%) 485 (48.4%)

Left 5409 (49.8%) 511 (51.0%)
Both 0 6 (0.6)

Unknown 4 0

Histology (ICD-O-3)

Invasive carcinoma 

of NST

9848 (90.6%) 929 (92.7%)

Favorable 213 (2.0%) 40 (4.0%)

Metaplastic 62 (0.6%) 0

Others 749 (6.9%) 33 (3.3%)

Grade

I 718 (6.6%) 28 (2.8%)
II 3257 (30.0%) 443 (44.2%)

III 6220 (57.2%) 358 (35.7%)

IV 138 (1.3%)
Unknown 539 (5.0%) 173 (17.3%)

ER
Positive 6964 (64.1%) 685 (68.4%)

Negative 3550 (32.7%) 294 (29.3%)

Unknown 358 (3.3%) 23 (2.3%)

PR

Positive 5926 (54.5%) 646 (64.5%)
Negative 4520 (41.6%) 332 (33.1%)

Unknown 426 (3.9%) 24 (2.4%)

HER2

Positive 1513 (13.9%) 261 (26.0%)

Negative 4290 (39.5%) 648 (64.7%)
Unknown 5069 (46.6%) 93 (9.3%)

(Continued)

Table 1 (Continued). 

Training Cohort 
(n=10,872)

Validation Cohort 
(n=1002)

Stage, AJCC 6th

0 19 (0.2%) 2 (0.002%)
I 2931 (27.0%) 220 (22.0%)

II 5512 (50.7%) 507 (50.6%)

III 2410 (22.2%) 273 (27.2%)

T stage

Tis 19 (0.2%) 3 (0.03%)
1 4363 (40.1%) 329 (32.9%)

2 4780 (44.0%) 557 (55.6%)

3 1294 (11.9%) 77 (7.7%)
4 416 (3.8%) 36 (3.6%)

N stage
0 5564 (51.2%) 488 (48.7%)

1 3708 (34.1%) 279 (27.8%)

2 1027 (9.4%) 141 (14.1%)
3 573 (5.3%) 94 (9.4%)

Abbreviations: AJCC, American Joint Committee on Cancer; ER, estrogen recep-
tor; HER2, human epidermal growth factor receptor-2; NST, no special type; PR, 
progesterone receptor.
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the C-index values for OS in 3-, 5-, and 10-year were 
0.802, 0.735, and 0.697, respectively.

The calibration curves for the probability of OS for the 
training cohort and the validation cohorts at 3, 5, and 10 
years presented an optimal agreement between the predic-
tion by nomogram and actual observation (Figure 5). Next, 
we divided patients into the following 3 groups based on 
the TPS of the nomogram model for OS in the training 
cohort using the X-tile program: low-risk (TPS, 156–239, 
3032 patients), intermediate-risk (TPS, 240–290, 5252 
patients), and high-risk (TPS, 291–405, 2588 patients) 
groups. The 10-year OS for the low-risk, intermediate- 
risk, and high-risk groups were 92.1%, 81.7%, and 
60.4%, respectively. Survival analyses for OS demon-
strated significant discrimination between these three 
groups (P<0.001, Figure 6A). For the validation cohort, 
the patients were divided into the same 3 groups based on 

the TPS of the nomogram model for OS: low-risk group 
(495 patients), intermediate-risk group (396 patients) and 
high-risk group (111 patients). Significant OS differences 
were also observed among three subgroups, with a 10-year 
OS of 93.5%, 76.8%, and 61.0% for low-risk, intermedi-
ate-risk, and high-risk groups, respectively (p<0.001, 
Figure 6B).

Discussion
BC occurs at a younger median age in Chinese women 
than in western women. The reasons may largely relate to 
genetic differences and risk factors.3 BC in young women 
often presents at more advanced stages of disease at diag-
nosis, which might be due to the lack of screening pro-
grams for this age group. BC in young women is often 
diagnosed as triple-negative and HER2-positive disease. 
Furthermore, young age is an independent negative 

Figure 2 (A) Univariate and (B) multivariate analysis of overall survival for the training cohort.
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predictor of BC survival.4,5 Young age also correlates with 
the risk of local recurrence and contralateral BC.5,16 It is 
estimated that by increasing BC awareness, the proportion 
of BC in young women will increase in China. BC in 
young women presents a clinical challenge; thus, it is 
necessary to establish a model to predict the risk of BC 
among very patients, to aid in personalized treatment for 
these patients. In the present study, we constructed 
a comprehensive nomogram model to better predict the 
prognosis in BC in very young BC patients based on 
the SEER database. We believe that with the inclusion of 
the SEER database, this constructed nomogram based on 8 

variables including age, race, grade, ER status, PR status, 
HER2 status, T stage, and N stage allowed a more accurate 
assessment and prediction of very young BC patients who 
had received curative resection surgery.

The 5-year survival of patients with BC aged ≤35 years 
is 75–80%, while the 5-year survival for patients aged >35 
years is 80–85%.17 In our study, the 5-year survival was 
88.1% in the training cohort and 91.5% in the validation 
cohort. The favorable prognosis in our study can be 
explained by the early stage of diagnosis of patients. In 
this study, only patients who underwent surgery were 
included in the analysis and the incidence of BC appears 

Figure 3 Kaplan-Meier curves for overall survival stratified by (A) race, (B) grade, (C) T stage, and (D) N stage in the training cohort.
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to be lower in women aged < 30 years of age and even 
lower in women aged <20 years, although survival was 
shorter among the former and much shorter in the latter 
group of patients. The results suggest that younger BC 
patients have the lowest survival rate.

In our study, Black BC patients of very young age had 
significantly inferior OS when compared with very young 
patients of another race. This result is consistent with the 
results from other studies, which showed that Black 
women are more likely to die from BC at every age.18,19 

The possible reason may be the less awareness of symp-
toms, late diagnosis, genetic differences, and other uni-
dentified cultural factors. Previous studies have shown that 
HER2-positive and triple-negative subtypes are associated 
with the shortest survival.20 In our study, however, HER2- 
positive status is associated with better prognosis than 

HER2-negative status in operable BC in very young 
patients. This result might be explained by the routine 
targeted HER2 therapy for the HER2-positive subtype21 

and the confoundedness of unknown HER2 status.
As expected, the traditional critical prognostic factors 

including T stage, N stage, and grade showed strong correla-
tions on survival outcomes in our nomogram. Likewise, we 
found that patients with ER negative status and PR negative 
status were negative predictors for survival in very young BC 
patients, although some patients with unknown ER or PR 
status were included in the analysis. Adjuvant tamoxifen 
therapy substantially improved the long-term survival in 
women with ER-positive tumors and of women with ER- 
known tumors. After a 5-year tamoxifen therapy, the propor-
tional reduction in mortality corresponded to 3%, 21% and 
23% in ER-poor, ER-unknown, and ER-positive tumors.22 

Figure 4 Nomograms predicting 3-, 5-, and 10-year overall survival for the training cohort.
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PR was also a prognostic marker and a strong predictor of 
tamoxifen treatment response.23 In univariate analysis, his-
tology was identified as a significant prognostic factor for 
OS. However, our multivariate analysis failed to identify 

histology as a significant predictor for OS. The 5th edition 
of World Health Organization classification subdivided BC 
into more than 20 distinctive histology-subtypes based on 
cell morphology, growth, and histological patterns.24 Several 

Figure 5 Calibration plots of the nomogram for 3-, 5-, and 10-year overall survival (A–C) prediction in the training cohort, and 3-, 5-, and 10-year overall survival (D–F) 
prediction in the validation cohort.

Figure 6 Kaplan-Meier curves for overall survival stratified by risk groups based on total prognostic scores from the nomogram model for (A) the training cohort and (B) 
the validation cohort.
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histological subtypes are associated with an extremely favor-
able prognosis, such as mucinous carcinoma, tubular carci-
noma, papillary carcinoma, adenoid cystic carcinoma, and 
cribriform carcinoma.25 The main reason might be the con-
foundedness of other factors.

To the best of our knowledge, this is the first study to 
construct a nomogram predicting the overall survival 
of BC in very young patients based on a large dataset 
extracted from the SEER cohort. We also validated the 
constructed nomogram using an independent retrospective 
cohort from our center. The calibration curves showed 
a high degree of agreement between the predicted and 
actual observed survival rates in both the training and the 
validation cohorts, indicating that the nomogram estab-
lished in this study are reliable.

Inevitably, some limitations of our study exist. First, 
this study was retrospective in nature and may have gen-
erated inevitable biases. Second, the data from the SEER 
database used in our study did not contain data about 
recurrence or treatment, which may affect survival out-
comes. Another limitation is that other important factors 
such as BRCA1/2 mutation26 and the body mass index27 

were not included in the database. Those important vari-
ables should be considered in future research.

In conclusion, based on a large-scale population from the 
SEER database, we have constructed a nomogram that accu-
rately predicts survival outcomes for very young female 
patients with curatively resected BC. The nomogram con-
structed in this study showed excellent performance in both 
training and validation cohorts and may serve as an efficient 
tool for clinicians to predict the 3-, 5-, and 10-year OS of these 
patients and ultimately help guide individualized treatment.
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