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Abstract. Early-onset breast cancer (BC) has been recognized 
to be more aggressive compared with its later counterparts. 
Survival models of BC in young patients have rarely been 
reported in previous studies. The current study aimed to 
establish and validate prediction models with clinicopatho-
logical variables for visceral metastasis-free survival (VFS), 
disease-free-survival (DFS) and overall survival (OS) time 
in young patients with BC. Clinicopathological data were 
obtained for 351 patients with primary breast tumors who 
were ≤40 years old. Univariate and multivariate analyses 
were performed and nomograms were established to screen 
and illustrate the prognostic factors. Risk scores were calcu-
lated based on coefficients from the Cox regression analysis. 
Internal validation of the prediction models was conducted 
by predicting the prognosis of cases randomly sampled from 
the cohort used in the current study. Multivariate analysis 
demonstrated that N stage (P=0.004), molecular subtype 
(P=0.007) and age (P=0.005) were significant independent 
prognostic factors for VFS. Similarly, N stage (P=0.002) and 
molecular subtype (P=0.001) were significantly associated 
with DFS. In addition, N stage (P=0.006), molecular subtype 
(P=0.006) and the presence of an initially inoperable tumor 
(P=0.005) were significant independent prognostic factors 
for OS. According to the Cox regression analysis, nomo-
grams were generated to illustrate the effect of independent 

prognostic factors on VFS, DFS and OS. Risk scores were 
calculated and internal validation demonstrated the reli-
ability of the prediction models. In conclusion, N stage and 
molecular subtype were identified as predictors for VFS, DFS 
and OS in early-onset BC. Furthermore, an age of <35 years 
at diagnosis was revealed to be unfavorable for VFS and the 
presence of an initially inoperable tumor was identified to 
reduce OS time.

Introduction

Breast cancer (BC) is the leading cause of cancer-associated 
mortality among women worldwide (1). In the past decade, 
the mortality rate has decreased in the majority of high-income 
countries; however, the incidence and mortality rates have 
increased in China (1). This may be due to a number of factors, 
including the one-child policy, lower cancer screening rates 
and delays in cancer diagnosis (2). In addition, the median 
age at diagnosis of BC is 48‑50 years in China and 62.9% of 
patients are premenopausal at that time (2).

BC in younger women has been recognized to be more 
aggressive and exhibits a worse prognosis compared with BC 
in older women (3,4). Previous studies have identified that, 
compared with older patients, younger women with BC present 
with a larger tumor size, a higher incidence of lymph node 
involvement (4,5) and an increased 5‑year risk of developing 
metastasis (3,6). Compared with older women, young women 
exhibit higher proportions of hormone receptor (HR)+/human 
epidermal growth factor receptor 2 (HER‑2)+, HR-/HER2+ and 
triple-negative BC (5,7). Diverse molecular subtypes usually 
have distinct disease-free survival (DFS) and overall survival 
(OS) rates (6,8), and age has been identified to serve different 
roles (9,10). Clinicians use certain risk scores in clinical 
practice, including the commonly used St Gallen risk factor 
grading system (11). In this grading system, age is one of the 
most valuable factors, which suggests that similar to estrogen 
receptor (ER) status and lymph node status, age is fundamental 
in predicting BC prognosis. Previous studies have predomi-
nantly focused on the clinicopathological features of BC in 
young patients (3,12). However, to the best of our knowledge, 
a survival model remains to be established. The current study 
investigated a number of factors, including T stage, N stage, 
pathological type, grade, surgical type, neoadjuvant chemo-
therapy, age and molecular subtype, for predicting survival in 

Use of clinical nomograms for predicting survival 
outcomes in young women with breast cancer

HUI LIN1*,  FAN ZHANG2*,  LUANHONG WANG3  and  DE ZENG1

1Department of Breast Medical Oncology; 2Guangdong Provincial Key Laboratory for Breast Cancer Diagnosis and Treatment; 
3Department of Gynecology, Cancer Hospital of Shantou University Medical College, Shantou, Guangdong 515041, P.R. China

Received December 4, 2017;  Accepted October 12, 2018

DOI:  10.3892/ol.2018.9772

Correspondence to: Dr Hui Lin, Department of Breast Medical 
Oncology, Cancer Hospital of Shantou University Medical College, 
7 Raoping Road, Shantou, Guangdong 515041, P.R. China
E-mail: hlin3@stu.edu.cn

*Contributed equally 

Abbreviations: BC, breast cancer; VFS, visceral metastasis-free 
survival; DFS, disease-free survival; OS, overall survival; ER, 
estrogen receptor; PR, progesterone receptor; HBV, hepatitis B virus; 
IHC, immunohistochemistry

Key words: young patient with breast cancer, survival model, 
nomogram, visceral metastasis-free survival, disease-free survival, 
overall survival



LIN et al:  NOMOGRAM PREDICTING SURVIVAL OUTCOMES IN YOUNG BREAST CANCER PATIENTS1506

young patients with BC. The study aimed to assess an array 
of clinicopathological variables that are potentially associated 
with visceral metastasis-free survival (VFS), DFS and OS. In 
addition, the ultimate aim of the study was to establish and 
validate prediction models for survival outcomes in young 
patients with BC.

Patients and methods

Definition of a young patient with BC. The definition of a young 
patient with BC varies among previous studies. Previously, the 
upper age limit has ranged from 35 (13) to 40 years (14,15). 
The current study defined young BC as patients ≤40 years old 
at preliminary diagnosis.

Study population. A total of 351 females with primary BC 
who were diagnosed at ≤40 years old and treated at the Cancer 
Hospital of Shantou University Medical College (Guangdong, 
China) between April 2009 and May 2014 were included 
in the current study. The inclusion criteria were: i) female; 
ii) breast cancer confirmed by pathological diagnosis; and iii) 
age ≤40 years old. Patients with distant metastasis at primary 
diagnosis and patients with a follow-up time <6 months 
were excluded. The mean age of the patients was 35.74 years 
with a range of 19 to 40 years. Every patient had undergone 
mammographic and/or ultrasound radiological imaging, a chest 
radiograph or computed tomography scan of the chest, Doppler 
ultrasound examination or a computed tomography scan of the 
abdomen, a complete blood count test and blood biochemistry 
assays to evaluate the primary tumor stage and the appropriate 
treatment. Bone scans and brain magnetic resonance imaging 
were performed if patients experienced bone pain, central 
nervous symptoms or exhibited a locally advanced stage of BC. 
Patients with primary resectable tumors received a mastectomy 
or breast‑conserving surgery with axillary lymph node dissec-
tion or sentinel lymph node biopsy. A core needle biopsy was 
performed in a standardized manner when the surgeon identified 
that a tumor was inoperable. Neoadjuvant chemotherapy was 
administered to patients with initially inoperable tumors, the 
majority of which were stages T3/T4 and/or N2/N3 according 
to the 7th edition of the American Joint Committee on Cancer 
staging system (16), to increase the possibility of radical 
surgeries later on. The requirement of adjuvant chemotherapy 
and the protocol of the chemotherapy treatment were guided by 
the St. Gallen BC guidelines (11).

Clinical and pathological data were collected from patient 
records. Histopathological features of surgical resection 
specimens included tumor type and size, histological grade, 
evidence of lymphovascular invasion and axillary nodal 
status. ER, progesterone receptor (PR), HER‑2, Ki‑67 and 
other markers were stained in the majority of the biopsy and 
resection specimens. Adjuvant radiotherapy, chemotherapy, 
endocrine treatment and targeted treatment were recorded. In 
addition, other basic information, including age of menarche, 
fertility status, hepatitis B virus (HBV) infection and family 
history were recorded. Follow-up information was obtained 
from patient records. The median follow-up time was 
38.3 months (range, 6.0‑106.6 months). 

Written informed consent was obtained from all partici-
pants for the use of clinicopathological data. The current study 

was approved by the Ethics Committee of the Cancer Hospital 
of Shantou University Medical College.

Classification of survival and molecular subtypes. VFS was 
defined as the time from radical surgery to visceral metastasis, 
excluding local relapse and metastasis of the lymph nodes and 
bones. DFS was defined as the time from radical surgery to 
disease relapse or metastasis, including visceral metastasis. 
OS was defined as the time from diagnosis to mortality from 
any cause. Molecular subtypes were differentiated according 
to the status of ER, PR and HER‑2, as determined by immu-
nohistochemistry (IHC). As the cut‑off value of Ki‑67 has not 
previously been determined (17) and since testing for Ki-67 
was not routinely performed in the study period, the current 
study did not use Ki‑67 for the classification of molecular 
subtypes. The molecular subtypes were defined as follows: 
The luminal A subtype, which was HER‑2-, ER+ and/or PR+; 
the luminal B subtype, which was HER‑2+, ER+ and/or PR+; 
the HER‑2+ subtype, which was HER‑2+, ER- and PR-; and the 
triple‑negative subtype, which was HER‑2, ER and PR. HER‑2 
positivity was defined as HER‑2 gene amplification in a fluo-
rescence in situ hybridization test or HER‑2 protein stained as 
‘+++’ in IHC, as described previously (18).

Statistical analysis. All statistical analyses were performed 
using SPSS software (version 13.0; SPSS Inc., Chicago, IL, 
USA) and R software (version 3.3.0; www.r‑project.org). The 
univariate analysis for assessing the prognostic factors was 
performed using the Kaplan-Meier method with a log-rank 
test. Variables associated with survival (P<0.05) were selected 
for multivariate Cox regression analysis using forward step-
wise selection. Nomograms were then generated to illustrate 
the effect of the prognostic factors on DFS, VFS and OS. Risk 
scores were created based on Cox regression coefficients. Each 
patient was assigned a risk score that was a linear combina-
tion of the values of the independent prognostic factors 
weighted by their respective Cox regression coefficients (19). 
Internal validation of the prediction models was performed by 
evaluating the accuracy of the risk score on the prognosis of 
200, 250 and 300 patients who were randomly selected from 
the total 351 patients. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Univariate survival analysis for predicting DFS, VFS and OS 
in young patients with BC. To preliminarily determine the 
potential prognostic factors, univariate survival analysis was 
performed for VFS, DFS and OS. The median follow-up time 
was 38.3 months and the median values for VFS, DFS and OS 
were 38.0, 33.5 and 38.2 months, respectively. The variables 
included in the analysis were age, T stage, N stage, M stage, 
site of involvement, pathological type, differentiation grade, 
molecular subtype, surgical type, neoadjuvant chemotherapy, 
adjuvant radiation, age of menarche, fertility status, HBV 
infection and family history.

The 1‑, 3‑ and 5‑year VFS rates were 94.5, 87.6 and 80.6%, 
respectively. The 1‑, 3‑ and 5‑year DFS rates were 89.8, 76.2 
and 64.6%, respectively. The 1‑, 3‑ and 5‑year OS rates were 
98.2, 87.4 and 73.3%, respectively. Survival rates for different 
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Table I. Clinicopathological characteristics of patients and the associated 1-, 3- and 5-year VFS rates.

 VFS, %
 ---------------------------------------------------------------------------------
Characteristic Cases, n (%) 1‑year 3‑year 5‑year P‑value

Age, years     0.005
  <35 108 (30.8) 93.4 82.8 67.0 
  ≥35 243 (69.2) 95.0 89.6 85.3 
T stage     0.014
  Tis 1 (0.3)    
  T1 64 (18.2) 96.4 89.0 81.8 
  T2 163 (46.4)    
  T3 52 (14.8) 88.2 79.5 74.2 
  T4 25 (7.1)    
  Unknown 46 (13.1)    
N stage     0.004
  N0 144 (41.0) 97.2 93.7 92.2 
  N1 80 (22.8) 96.2 87.1 74.2 
  N2 57 (16.2) 94.6 88.3 71.9 
  N3 56 (16.0) 83.5 73.3 73.3 
  Unknown 14 (4.0)    
M stage     0.544
  M0 339 (96.6) 94.6 87.5 80.4 
  M1a 6 (1.7) 83.3 83.3 0.0 
  Unknown 6 (1.7)    
Site of involvement     0.596
  Left 177 (50.4) 94.8 89.4 81.2 
  Right 166 (47.3) 93.8 86.2 80.8 
  Bilateral 8 (2.3) 100.0 75.0 75.0 
Pathological type     0.029
  IDC 290 (82.6) 93.3 85.3 76.7 
  ILC 11 (3.1) 100.0 100.0 100.0 
  DCIS 22 (6.3) 100.0 100.0 100.0 
  Other 27 (7.7) 100.0 96.0 96.0 
  Unknown 1 (0.3)    
Grade     0.063
  I 15 (4.3) 100.0 100.0 100.0 
  II 103 (29.3) 92.0 88.5 86.2 
  III 96 (27.4) 93.7 78.2 70.6 
  Unknown 137 (39.0)    
Molecular subtype     0.007
  Luminal A 161 (45.9) 98.1 90.9 85.9 
  Luminal B 40 (11.4) 97.4 92.0 78.7 
  HER‑2+ 47 (13.4) 80.6 70.8 66.6 
  Triple‑negative 65 (18.5) 90.7 83.0 75.4 
  Unknown 38 (10.8)    
Surgical type      0.120
  Modified radical mastectomy 276 (78.6) 93.0 86.3 78.2 
  Breast‑conserving surgery 58 (16.5) 100.0 92.6 92.6 
  Mastectomy and SLNB 12 (3.4) 100.0 100.0 100.0 
  Simple resectionb 5 (1.4) 100.0 75.0 ‑c 

Neoadjuvant chemotherapy     0.020
  Yes 46 (13.1) 86.9 76.5 69.6 
  No 305 (86.9) 95.6 89.2 82.1 
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clinicopathological features were analyzed and tested with 
Kaplan-Meier analysis and a log-rank test (Tables I-III). This 
analysis identified that for VFS, N stage (P=0.004), molec-
ular subtype (P=0.007), age (P=0.005), T stage (P=0.014), 
pathological type (P=0.029) and neoadjuvant chemotherapy 
(P=0.020) were statistically significant variables. For DFS, 
N stage (P=0.002) and molecular subtype (P=0.001) were 
statistically significant. For OS, T stage (P=0.029), N stage 
(P=0.006), M stage (P=0.002), molecular subtype (P=0.006), 
surgical type (P<0.001) and neoadjuvant chemotherapy 
(P=0.005) were statistically significant variables.

Multivariate survival analysis for predicting VFS, DFS and 
OS in young patients with BC. To further analyze the prog-
nostic factors for VFS, DFS and OS, multivariate survival 
analysis was performed. Variables revealed as statistically 
significant by Kaplan‑Meier analysis (P<0.05) were selected 
for Cox regression analysis to identify independent factors. As 
presented in Table IV, the variables analyzed for VFS were 
as follows: N stage (P<0.001); molecular subtype (P=0.027); 
and age (P<0.001). As presented in Table V, the variables 
analyzed for DFS included: N stage (P=0.004) and molecular 
subtype (P=0.002). As presented in Table VI, the variables 
analyzed for OS were as follows: N stage (P=0.029), molecular 
subtype (P=0.006) and neoadjuvant chemotherapy (P=0.006). 
Nomograms were created to illustrate the effect of the prog-
nostic factors on VFS, DFS and OS using multivariate Cox 
regression coefficients (Figs. 1‑3).

Risk scores for predicting survival outcomes in young 
patients with BC. Based on the regression analysis, predic-
tion models for VFS, DFS and OS were generated through 
the calculations of risk scores, previously established by 
Shukla et al (19). Each patient was assigned a risk score; a 
linear combination of the values of the independent prog-
nostic factors weighted by their respective Cox regression 
coefficients. Risk scores for VFS were calculated as follows: 
Risk score = 1.091 x N stage (N1/N0) + 1.499 x N stage 
(N2/N0) + 2.163 x N stage (N3/N0) + 0.355 x molecular 
subtype (luminal B/luminal A) + 1.087 x molecular 
subtype (HER‑2/luminal A) + 1.016 x molecular subtype 
(triple-negative/luminal A) + 1.319 x age (<35/≥35). 
Risk scores for DFS were calculated as follows: Risk 
score = 0.555 x N stage (N1/N0) + 0.831 x N stage 
(N2/N0) + 1.112 x N stage (N3/N0) + 0.613 x molecular 
subtype (luminal B/luminal A) + 1.109 x molecular 
subtype (HER‑2/luminal A) + 0.665 x molecular subtype 
(triple-negative/luminal A). Risk scores for OS were calculated as 
follows: Risk score = 0.050 x N stage (N1/N0) + 0.636 x N stage 
(N2/N0) + 1.166 x N stage (N3/N0) ‑ 0.033 x molecular 
subtype luminal B/luminal A) + 1.033 x molecular subtype 
(HER‑2/luminal A) + 1.182 x molecular subtype (triple‑nega-
tive/luminal A) + 1.001 x neoadjuvant chemotherapy (yes/no).

Internal validation of the prediction models was conducted 
by evaluating the effect of the risk score on the prognosis 
of patients. A total of 200, 250 and 300 cases were randomly 
selected 10 times from the total 351 cases and univariate Cox 

Table I. Continued.

 VFS, %
 ---------------------------------------------------------------------------------
Characteristic Cases, n (%) 1‑year 3‑year 5‑year P‑value

Adjuvant radiation     0.399
   Yes 190 (54.1) 92.9 84.5 80.3 
   No 161 (45.9) 96.3 91.1 81.3 
Age of menarche, years     0.934
  ≤15 252 (71.8) 95.1 88.3 79.2 
  >15 50 (14.2) 94.0 86.6 86.6 
  Unknown 49 (14.0)    
Fertility status     0.566
  Yes 323 (92.0) 94.3 87.6 80.5 
  No 27 (7.7) 96.3 87.4 80.1 
  Unknown 1 (0.3)    
HBV infection     0.477
  Yes 9 (2.6) 88.9 74.1 74.1 
  No 342 (97.4) 94.6 87.9 80.7 
Family history     0.143
  BC 8 (2.3) 100.0 100.0 50.0 
  Other cancer types 13 (3.7) 100.0 64.1 64.1 
  No  330 (94.0) 94.1 88.2 82.2 

aPatients with bone metastasis at diagnosis; bpatients received simple resection in another hospital prior to administration; ccensored data. VFS, 
visceral metastasis-free survival; Tis, tumor in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; DCIS, ductal carcinoma 
in situ; HER‑2, human epidermal growth factor receptor 2; SLNB, sentinel lymph node biopsy; BC, breast cancer; HBV, hepatitis B virus.
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Table II. Clinicopathological characteristics of patients and the associated 1-, 3- and 5-year DFS rates.

 DFS, %
 ---------------------------------------------------------------------------------
Characteristic Cases, n (%) 1‑year 3‑year 5‑year P‑value

Age, years     0.241
  <35 108 (30.8) 86.7 74.1 61.1 
  ≥35 243 (69.2) 91.1 77.2 65.5 
T stage     0.053
  Tis 1 (0.3)    
  T1 64 (18.2) 91.9 79.2 68.8 
  T2 163 (46.4)    
  T3 52 (14.8) 83.9 68.7 59.0 
  T4 25 (7.1)    
  Unknown 46 (13.1)    
N stage     0.002
  N0 144 (41.0) 93.0 86.5 79.8 
  N1 80 (22.8) 93.6 76.5 60.4 
  N2 57 (16.2) 91.0 72.2 46.9 
  N3 56 (16.0) 75.3 61.2 61.2 
  Unknown 14 (4.0)    
M stage     0.102
  M0 339 (96.6) 90.4 76.8 66.1 
  M1a 6 (1.7)    
  Unknown 6 (1.7)    
Site of involvement     0.178
  Left 177 (50.4) 90.2 78.2 65.3 
  Right 166 (47.3) 89.4 75.4 64.7 
  Bilateral 8 (2.3) 87.5 50.0 50.0 
Pathological type     0.078
  IDC 290 (82.6) 89.8 73.9 61.0 
  ILC 11 (3.1) 100.0 100.0 100.0 
  DCIS 22 (6.3) 95.0 95.0 76.0 
  Other 27 (7.7) 80.7 76.7 76.7 
  Unknown 1 (0.3)    
Grade     0.241
  I 15 (4.3) 86.2 79.0 79.0 
  II 103 (29.3) 86.1 80.1 72.1 
  III 96 (27.4) 88.2 65.2 59.3 
  Unknown 137 (39.0)    
Molecular subtype     0.001
  Luminal A 161 (45.9) 96.1 81.4 72.0 
  Luminal B 40 (11.4) 89.9 76.6 46.6 
  HER‑2+ 47 (13.4) 69.2 55.0 50.8 
  Triple‑negative 65 (18.5) 86.0 71.4 64.9 
  Unknown 38 (10.8)    
Surgical type      0.077
  Modified radical mastectomy 276 (78.6) 88.9 74.3 62.1 
  Breast‑conserving surgery 58 (16.5) 93.0 84.1 77.1 
  Mastectomy and SLNB 12 (3.4) 100.0 100.0 100.0 
  Simple resectionb 5 (1.4) 80.0 53.3 ‑c 

Neoadjuvant chemotherapy     0.051
  Yes 46 (13.1) 81.7 63.0 56.7 
  No 305 (86.9) 90.9 78.2 65.7 
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Table II. Continued.

 DFS, %
 ---------------------------------------------------------------------------------
Characteristic Cases, n (%) 1‑year 3‑year 5‑year P‑value 

Adjuvant radiation     0.081
  Yes 190 (54.1) 91.8 77.6 71.6 
  No 161 (45.9) 87.4 74.5 57.1 
Age of menarche, years     0.494
  ≤15 252 (71.8) 91.0 78.1 63.6 
  >15 50 (14.2) 83.7 71.5 67.8 
  Unknown 49 (14.0)    
Fertility status     0.966
  Yes 323 (92.0) 89.2 76.1 63.8 
  No 27 (7.7) 96.3 76.0 69.1 
  Unknown 1 (0.3)    
HBV infection     0.584
  Yes 9 (2.6) 88.9 74.1 49.4 
  No 342 (97.4) 89.8 76.3 65.1 
Family history     0.139
  BC 8 (2.3) 100.0 85.7 57.1 
  Other cancer types 13 (3.7) 83.3 53.3 26.7 
  No 330 (94.0) 89.7 76.9 66.3 

aPatients with bone metastasis at diagnosis; bpatients received simple resection in another hospital prior to administration; ccensored data. DFS, 
disease-free survival; Tis, tumor in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; DCIS, ductal carcinoma in situ; 
HER‑2, human epidermal growth factor receptor 2; SLNB, sentinel lymph node biopsy; BC, breast cancer; HBV, hepatitis B virus.

Table III. Clinicopathological characteristics of patients and the associated 1-, 3- and 5-year OS rates.

 OS, %
 ---------------------------------------------------------------------------------
Characteristic Cases, n (%) 1‑year 3‑year 5‑year P‑value

Age, years     0.387
  <35 108 (30.8) 96.2 84.6 71.5 
  ≥35 243 (69.2) 99.6 88.4 75.9 
T stage     0.029
  Tis 1 (0.3)    
  T1 64 (18.2) 99.5 90.5 80.2 
  T2 163 (46.4)    
  T3 52 (14.8) 94.7 80.8 73.7 
  T4 25 (7.1)    
  Unknown 46 (13.1)    
N stage     0.006
  N0 144 (41.0) 98.6 93.2 84.2 
  N1 80 (22.8) 98.7 89.7 81.5 
  N2 57 (16.2) 98.2 85.9 64.6 
  N3 56 (16.0) 98.1 78.2 64.9 
  Unknown 14 (4.0)    
M stage     0.002
  M0 339 (96.6) 98.5 88.9 75.9 
  M1a 6 (1.7) 100.0 50.0 -c 

  Unknown 6 (1.7)    
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Table III. Continued.

 OS, %
 ---------------------------------------------------------------------------------
Characteristic Cases, n (%) 1‑year 3‑year 5‑year P‑value

Site of involvement     0.439
  Left 177 (50.4) 98.2 90.6 77.3 
  Right 166 (47.3) 98.8 83.9 71.4 
  Bilateral 8 (2.3) 100.0 75.0 75.0 
Pathological type     0.289
  IDC 290 (82.6) 98.2 86.2 71.8 
  ILC 11 (3.1) 100.0 100.0 75.0 
  DCIS 22 (6.3) 100.0 95.0 95.0 
  Other 27 (7.7) 100.0 86.6 86.6 
  Unknown 1 (0.3)    
Grade     0.103
  I 15 (4.3) 100.0 100.0 100.0 
  II 103 (29.3) 98.0 86.3 82.3 
  III 96 (27.4) 97.9 81.3 69.1 
  Unknown 137 (39.0)    
Molecular subtype     0.006
  Luminal A 161 (45.9) 100.0 90.8 78.9 
  Luminal B 40 (11.4) 97.4 94.9 81.9 
  HER‑2+ 47 (13.4) 97.8 71.8 57.1 
  Triple‑negative 65 (18.5) 95.2 81.5 65.3 
  Unknown 38 (10.8)    
Surgical type      <0.001
  Modified radical mastectomy 276 (78.6) 98.1 86.8 72.9 
  Breast‑conserving surgery 58 (16.5) 100.0 95.3 90.8 
  Mastectomy and SLNB 12 (3.4) 100.0 88.9 ‑c 

  Simple resectionb 5 (1.4) 100.0 0.0 0.0 
Neoadjuvant chemotherapy     0.005
  Yes 46 (13.1) 93.3 70.9 63.0 
  No 305 (86.9) 99.3 89.8 76.3 
Adjuvant radiation     0.559
  Yes 190 (54.1) 98.9 90.0 74.9 
  No 161 (45.9) 98.1 84.2 74.3 
Age of menarche, years     0.193
  ≤15 252 (71.8) 98.3 88.6 76.6 
  >15 50 (14.2) 98.0 83.8 69.8 
  Unknown 49 (14.0)    
Fertility status     0.849
  Yes 323 (92.0) 98.4 87.4 73.4 
  No 27 (7.7) 96.2 86.5 71.9 
  Unknown 1 (0.3)    
HBV infection     0.592
  Yes 9 (2.6) 100.0 70.0 70.0 
  No 342 (97.4) 98.2 87.8 73.4 
Family history     0.986
  BC 8 (2.3) 100.0 100.0 66.7 
  Other cancer types 13 (3.7) 100.0 88.9 74.1 
  No  330 (94.0) 98.1 87.0 73.5 

aPatients with bone metastasis at diagnosis; bpatients received simple resection in another hospital prior to administration; ccensored data. OS, 
overall survival; Tis, tumor in situ; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; DCIS, ductal carcinoma in situ; HER‑2, 
human epidermal growth factor receptor 2; SLNB, sentinel lymph node biopsy; BC, breast cancer; HBV, hepatitis B virus. 
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proportional hazard regression analysis was performed. As 
presented in Tables VII‑IX, the range of the HR was 1.692‑2.239 
for VFS with P≤0.005, 1.910‑2.879 for DFS with P≤0.003 and 
1.938‑2.652 for OS with P≤0.003. Therefore, risk scores and 
nonograms were demonstrated to be reliable for predicting VFS, 
DFS and OS time in young patients with BC.

Discussion

China has a high prevalence of young patients with BC, who 
exhibit a poor prognosis (2). A number of studies have demon-
strated that age (3,6,8,9,20) and molecular subtype (4,7) are 
associated with survival in these patients, in addition to a larger 
tumor size, higher incidence of lymph node involvement (4,5) 
and higher incidence of poorly differentiated tumors (4,5). 

However, to the best of our knowledge, a prediction model 
for these patients has not been established. Nomograms are 
widely used to present prediction models for a number of 
cancer types (21-23). Due to their distinctness and clarity, 
nomograms are useful for patients to understand the prognosis 
of their disease and for doctors to decide the most appropriate 
treatment protocol. Nomograms have been generated for 
BC to predict the outcome of patients who have undergone 
neoadjuvant chemotherapy (24) and of patients with advanced 
tumors (21). In addition, nomograms have been established 
to predict axillary lymph node status (25) and loco‑regional 
recurrence (26), thus assisting surgeons with the decision of 
surgical type. The current study created and displayed survival 
models as nomograms to predict the outcome of young patients 
with BC.

In the current study, the prediction model for DFS included 
two independent variables, N stage and molecular subtype, 
which was consistent with a previous study (8). N stage repre-
sented the tumor burden and the capacity of metastasis, while 
the molecular subtype represented the biological characteris-
tics of the tumor. Patients with the luminal A subtype exhibited 
the longest DFS time, while patients with the HER‑2+ subtype 
exhibited the worst prognosis. A significant difference was 
identified in the DFS between these molecular subtypes, as 
demonstrated in previous studies (8,27).

Notably, to the best of our knowledge, the current study 
is the first to introduce the concept of VFS for breast cancer, 
which is defined as the time from radical surgery to the first 
visceral metastasis or mortality. Previous studies have typi-
cally used the concept of distant recurrence-free survival 
(DDFS) (28), which is defined as the time from radical surgery 
to the first distant metastasis or mortality. The difference 
between DDFS and VFS is the metastatic sites. Bone metas-
tasis and distant lymph node metastasis are included in DDFS, 
but not in VFS. Savci‑Heijink et al (29) reported that BC cases 
without visceral metastasis exhibited improved survival rates 

Table V. Cox regression analysis for predicting disease‑free 
survival.

 95% CI
 -----------------------------
Characteristic HR P‑value Lower Upper

N stage  0.004  
  N1/N0 1.742 0.082 0.933 3.253
  N2/N0 2.295 0.009 1.230 4.284
  N3/N0 3.041 0.001 1.621 5.704
Molecular subtype  0.002  
  Luminal B/luminal A 1.846 0.090 0.908 3.751
  HER‑2/luminal A 3.030 <0.001 1.707 5.379
  Triple‑negative/luminal A 1.944 0.029 1.071 3.528

HR, hazard ratio; CI, confidence interval; HER‑2, human epidermal 
growth factor receptor 2.

Table IV. Cox regression analysis for predicting visceral 
metastasis-free survival.

 95% CI
 ------------------------------
Characteristic HR P‑value Lower Upper

N stage  <0.001  
  N1/N0 2.977 0.025 1.148 7.722
  N2/N0 4.477 0.003 1.641 12.211
  N3/N0 8.695 <0.001 0.296 22.937
Molecular subtype  0.027  
  Luminal B/luminal A 1.426 0.536 0.463 4.390
  HER‑2/luminal A 2.965 0.007 1.342 6.552
  Triple-negative/luminal A 2.763 0.017 1.201 6.353
Age, years
  <35/≥35 3.739 <0.001 1.905 7.338 

HR, hazard ratio; CI, confidence interval; HER‑2, human epidermal 
growth factor receptor 2.

Table VI. Cox regression analysis for predicting overall 
survival. 

 95% CI
 ----------------------------
Characteristic HR P‑value Lower Upper

N stage  0.029  
  N1/N0 1.052 0.920 0.392 2.822
  N2/N0 1.888 0.193 0.725 4.921
  N3/N0 3.210 0.009 1.347 7.653
Molecular subtype  0.006  
  Luminal B/luminal A 0.968 0.959 0.276 3.399
  HER‑2/luminal A 2.809 0.009 1.290 6.119
  Triple‑negative/luminal A 3.262 0.003 1.504 7.075
Neoadjuvant chemotherapy    
  Yes/no 2.722 0.006 1.336 5.543

HR, hazard ratio; CI, confidence interval; HER‑2, human 
epidermal growth factor receptor 2.
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Figure 2. Nomogram for predicting DFS in young patients with breast cancer. DFS, disease‑free survival; HER‑2, human epidermal growth factor receptor 2.

Figure 3. Nomogram for predicting OS in young patients with breast cancer. OS, overall survival; HER‑2, human epidermal growth factor receptor 2.

Figure 1. Nomogram for predicting VFS in young patients with breast cancer. VFS, visceral metastasis‑free survival; HER‑2, human epidermal growth factor 
receptor 2.
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compared with those with visceral metastasis. It was identified 
that patients with local relapse, lymph node metastasis and 
bone metastasis exhibited improved survival rates compared 
with patients with visceral metastasis. Therefore, the current 
study assumed that VFS was a valuable measurement for 
prognostic prediction. The current study identified that VFS 
was associated with molecular subtype, N stage and age, but 
not local relapse, bone metastasis and lymph node metastasis. 
This result differed from the prediction model for DFS time, 
as age at diagnosis was identified as an independent predictor 
for VFS time. Previous studies revealed that a younger age is 
associated with a more aggressive cancer that is more likely to 
metastasize to visceral organs (3-6) Additionally, a previous 
study demonstrated that age is an independent predictor of 

DFS and OS time (30). The current study also demonstrated 
that age (<35 years) was negatively associated with VFS.

Furthermore, molecular subtype has previously been 
associated with patterns of metastasis (29,31). Patients with 
certain molecular subtypes, including ER- and HER‑2+ 
subtypes, have been associated with visceral metastasis, 
while patients with an ER+ subtype have been associated 
with bone metastasis (29,31,32). The current study revealed 
that patients with the luminal A subtype experienced 
the longest VFS time, while patients with the HER‑2+ 
subtype experienced the shortest VFS time and the highest 
frequency of visceral metastasis. The unfavorable outcome 
of patients with the HER‑2+ subtype may partially be due 
to the low percentage of patients in this group who expe-
rienced targeted treatment. However, by July 2017 >75,000 
patients with HER‑2+ breast cancer in China benefited from 
the Herceptin Patient Assistance Program and received 
targeted treatment (unpublished data), which may increase 
their survival rates.

The current study identified that N stage, molecular 
subtype and neoadjuvant chemotherapy were associated with 
OS. N stage and molecular subtype have been associated 
with OS in previous studies (8,28,29,31). However, a signifi-
cant association between OS and neoadjuvant chemotherapy 
was also identified in the current study. To the best of our 
knowledge, this result has not previously been reported. 
In the current study, only 1 patient received neoadjuvant 
chemotherapy prior to breast conservation surgery. The 
remaining 45 cases received neoadjuvant chemotherapy due 
to the presence of initially inoperable tumors. The prediction 
model demonstrated that patients with a HER‑2+ subtype, an 
advanced N stage or an initially inoperable tumor exhibited 
unfavorable OS.

According to the survival analysis, nomograms were 
created and risk scores (19) were calculated based on the Cox 
regression coefficients for VFS, DFS and OS time. Internal 
validation was performed in patients randomly sampled 

Table VIII. Internal validation of risk scores for predicting 
disease‑free survival in randomly sampled patients by Cox 
regression analysis. 

 200 cases 250 cases 300 cases
Subset ------------------------------ ------------------------------ -------------------------------
no. P‑value HR P‑value HR P‑value HR

  1 <0.001 2.228 <0.001 2.141 <0.001 2.482
  2 <0.001 2.296 <0.001 2.646 <0.001 2.489
  3 <0.001 2.422 0.001 2.023 <0.001 2.585
  4 <0.001 2.352 0.001 2.059 <0.001 2.300
  5 <0.001 2.799 <0.001 2.131 <0.001 2.879
  6 0.001 2.354 <0.001 2.244 <0.001 2.601
  7 0.001 2.072 <0.001 2.473 <0.001 2.492
  8 0.003 1.910 <0.001 2.724 <0.001 2.493
  9 <0.001 2.212 0.001 1.992 <0.001 2.019
10 <0.001 2.646 <0.001 2.447 <0.001 2.204 

HR, hazard ratio.

Table IX. Internal validation of risk scores for predicting 
overall survival in randomly sampled patients by Cox regres-
sion analysis. 

 200 cases 250 cases 300 cases
Subset ------------------------------ ------------------------------ ------------------------------
no. P‑value HR P‑value HR P‑value HR

  1 0.003 1.938 <0.001 2.208 <0.001 2.253
  2 <0.001 2.442 <0.001 2.986 <0.001 2.141
  3 <0.001 2.323 <0.001 2.071 <0.001 2.338
  4 <0.001 2.652 <0.001 2.243 <0.001 2.052
  5 <0.001 2.496 <0.001 2.007 <0.001 2.269
  6 <0.001 2.090 <0.001 2.181 <0.001 2.369
  7 <0.001 2.243 <0.001 2.396 <0.001 2.175
  8 <0.001 2.273 <0.001 2.516 <0.001 2.353
  9 0.001 2.106 <0.001 2.365 <0.001 2.03
10 <0.001 2.241 <0.001 2.249 <0.001 2.039 

HR, hazard ratio. 

Table VII. Internal validation of risk scores for predicting 
visceral metastasis-free survival in randomly sampled patients 
by Cox regression analysis.

 200 cases 250 cases 300 cases
Subset ------------------------------ ------------------------------- -------------------------------
no. P‑value HR P‑value HR P‑value HR

  1 0.002 1.836 <0.001 1.861 <0.001 2.113
  2 <0.001 1.759 <0.001 2.388 <0.001 2.239
  3 <0.001 2.025 <0.001 1.834 <0.001 1.942
  4 <0.001 2.157 <0.001 1.812 <0.001 1.846
  5 <0.001 2.041 0.002 1.666 <0.001 2.109
  6 0.005 1.692 <0.001 1.915 <0.001 1.942
  7 <0.001 1.860 <0.001 2.371 <0.001 1.968
  8 <0.001 2.003 <0.001 2.146 <0.001 1.990
  9 <0.001 1.902 0.001 1.656 <0.001 1.823
10 0.001 1.764 <0.001 2.177 <0.001 1.786 

HR, hazard ratio. 
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from the total population. This validation demonstrated that 
the risk scores were associated with VFS, DFS and OS time. 
This suggests that the nomograms constructed following Cox 
regression analysis were reliable. However, the lack of a vali-
dation cohort is a limitation of the current study. Future studies 
should collect a larger number of cases to further validate the 
nomograms.

In conclusion, the current study constructed and vali-
dated survival models displayed as nomograms to predict 
VFS, DFS and OS time in young patients with BC using 
retrospective data from patients <40 years old at diagnosis. 
In addition, the concept of VFS was introduced. Molecular 
subtype and N stage were identified as independent predic-
tors for VFS, DFS and OS time. Age at diagnosis was 
revealed to independently predict VFS and neoadjuvant 
chemotherapy was identified as an unfavorable factor for 
OS. Risk scores based on these survival models were estab-
lished for young patients with BC. These survival models 
were validated and the current study recommends their use 
in the survival analysis of young patients with BC in the 
future.
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