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Background: Distant metastasis (DM) from breast cancer has a poor prognosis. Our objective was to 
develop and validate a nomogram to predict individual distant metastasis-free survival (DMFS) and risk 
stratification in non-metastatic breast cancer patients.
Methods: A nomogram was based on an analysis of 1,201 breast cancer patients treated at Sun Yat-sen 
Memorial Hospital from 2001 to 2014. Using univariate and multivariate analyses to identify the predictors, 
this model was externally validated in an independent cohort of 538 patients from the Guangdong General 
Hospital between 2004 and 2012. The predictive discrimination and calibration ability of this nomogram 
were assessed using concordance index (C-index), risk group stratification, and calibration curve.
Results: The 5-year DMFS in the training and validation cohorts were 95.74% and 91.02%, respectively. 
On multivariable analysis of training cohort, the prognostic factors in the nomogram comprised age, tumor 
size, lymph node status, molecular subtype, and lymphovascular invasion (LVI). The C-index of our model 
was 0.75 [95% confidence interval (CI): 0.67–0.83] for the training cohort and 0.71 (95% CI: 0.64–0.78) for 
the validation cohort. The calibration curves for 5-year DMFS showed good agreement between the model 
prediction and actual observation. Based on the risk stratification, Kaplan-Meier curves indicated that the 
low-risk group had significantly better prognosis than the high-risk group (P<0.001).
Conclusions: Our nomogram can provide an individual prediction of 5-year DMFS in non-metastatic 
breast cancer patients. This prognostic tool may help clinicians to make appropriate treatment regimens and 
optimal surveillance plans.
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Introduction

Breast cancer is the most frequent cancer among women in 
the world. In China, breast cancer is an enormous public 
health problem and has become the sixth leading cause of 

death from cancer (1). With the great advances in cancer 

treatments, the prognosis of early breast cancer patients 

has been improved remarkably. However, approximately 

20% to 25% of patients with breast cancer will suffer from 
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distant metastasis (DM), which is the main cause of breast 
cancer death (2) .

The heterogeneous nature of breast tumors has led to 
a diversity of therapeutic strategies and different clinical 
outcomes. Currently, the American Joint Committee on 
Cancer (AJCC) tumor-node-metastasis (TNM) staging 
system is widely used in survival prediction. Patients with 
non-metastatic breast cancer are stratified depending on 
tumor size and lymph node involvement. However, the 
survival outcome of patients with the same stage varies 
widely (3-5). Once metastasis occurs, the disease is largely 
incurable, and the median survival of patients ranges from 
only two to three years (6). Several clinicopathological 
features  such as  tumor s ize ,  lymph node s ta tus , 
lymphovascular invasion (LVI), estrogen receptor (ER) 
and progesterone receptor (PR) status, human epidermal 
growth factor receptor 2 (HER2), and proliferation index 
(Ki67) expression affect the distant metastasis-free survival 
(DMFS). Additionally, a combination of these specific 
biomarkers classified as surrogate molecular subtypes 
has been proposed to provide biological and prognostic 
information. Patients with different subtypes of breast 
cancer have different DMFS. Thus, due to the biological 
heterogeneity of breast cancer, a useful predictive tool 
incorporating a growing number of independent risk 
factors can play an important role in predicting the survival 
outcomes in breast cancer patients.

Nomograms have been demonstrated to enable a more 
precise prediction for individual patients in various tumors, 
including esophageal squamous cell carcinoma, non-
small cell lung cancer, and ovarian cancer (7-9). Several 
survival prediction models, such as CancerMath (10) (www.
CancerMath.com), PREDICT (11,12) and the ipsilateral 
breast tumor recurrence program (IBTR) (13,14) are 
designed to predict survival probability in breast cancer 
patients. However, these models were established solely 
based on data from western patients. Chinese women may 
have different ethnographic features, clinicopathological 
characteristics, and medical insurance policies. Accurately 
predicting DMFS for Chinese breast cancer patients 
may optimize treatment strategies and surveillance plans. 
However, nomograms for predicting DMFS and risk 
stratification in non-metastatic breast cancer are scarce. 
Furthermore, previous predictive models have been mainly 
based on immunohistochemical biomarkers, but the 
molecular subtypes of breast cancer have been neglected to 
some extent.

Therefore, the aim of this study was to use Chinese 

population databases to develop and validate a prognostic 
model incorporating molecular subtypes and other 
important clinicopathological variables for predicting 
DMFS and risk stratification in breast cancer patients.

Methods

Patient population

We selected breast cancer patients from the Sun Yat-sen 
Memorial Hospital (SYSMH) between 2001 and 2014 
as the training cohort. We used the following inclusion 
criteria: (I) female patients aged 18 years or above; (II) 
patients who received surgical treatment; and (III) patients 
with available follow-up data. The exclusion criteria were: (I) 
patients with metastatic, de novo stage IV breast cancer; (II) 
patients with phyllode tumors of the breast; (III) patients 
who received excision before surgery; (IV) patients who 
received neoadjuvant chemotherapy; and (V) patients who 
had incomplete clinicopathological data.

An external validation cohort who met the same 
eligibility criteria was enrolled from the Guangdong 
General Hospital (GGH) during the period from 2004 to 
2012. For eligible patients, the following clinicopathological 
characteristics were included: age at diagnosis; tumor size; 
histologic type; postoperative lymph nodal status; Ki67 
expression; LVI; ER and PR status; HER2 status; and 
postoperative chemotherapy. This study was approved by 
the Institutional Ethics Committees of the SYSMH and 
GGH (SYSEC-KY-KS-2019-073). Informed consent was 
waived due to the study’s retrospective nature.

Pathological assessment

All patients received pathological examinations. The 
ER and PR expression statuses were examined by 
immunohistochemistry. ER or PR positivity was defined as 
1% or more of positive tumor cells with nuclear staining. 
Hormone receptor positivity was defined as ER and/or 
PR positivity. For HER2 status, we used the HercepTest 
method (15). HER2 positivity was defined as either a 
score of 3+ by immunohistochemistry or 2+ with HER2 
amplification via fluorescence in situ hybridization (FISH). 
HercepTest scores of 0 and 1, or a score of 2 without HER2 
amplification via FISH, were considered HER2 negative. 
The threshold for Ki67 was 20% (16). Ki67 ≥20% was 
defined as high Ki67 status, and Ki67 <20% was defined as 
low Ki67 status. The molecular subtypes of breast cancer 



Annals of Translational Medicine, Vol 7, No 20 October 2019 Page 3 of 10

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(20):537 | http://dx.doi.org/10.21037/atm.2019.10.10

were derived depending on the status of hormone receptor, 
HER2, and Ki67 as follows: luminal A (hormone receptor 
positive, HER2 negative, and Ki67 <20%), luminal B/HER2 
negative (hormone receptor positive, HER2 negative, and 
Ki67 ≥20%), luminal B/HER2 positive (hormone receptor 
positive, HER2 positive, and any Ki67), HER2-enriched 
(ER negative, PR negative, and HER2 positive), and triple 
negative (ER negative, PR negative, and HER2 negative).

Statistical analysis

Descriptive analyses of baseline clinicopathological 
characteristics were performed. Continuous variables were 
described using the median and range, and categorical 
variables were described as percentages. DMFS was 
measured from the date of surgery to the date of DM or the 
last follow-up. Univariate and multivariate Cox regression 
were used to assess the prognostic factors. Significant 
predictors from the multivariate analysis were included in 
the nomogram development. In addition, the variables that 
improved the performance of the model were used even if 
they did not show significance in the multivariate analysis. 
The discrimination and calibration ability of the model were 
determined by concordance index (C-index) and calibration 
curves. Calibration curves measured the agreement between 
the actual probabilities and the predicted frequencies. We 
used the median risk score calculated via nomogram as the 
cutoff point to classify the patients into the low-risk group 
and the high-risk group. Survival outcomes were evaluated 
using Kaplan-Meier analyses with the log-rank test. All tests 
were two-sided, and P values of 0.05 or less were considered 
statistically significant. Data analyses were performed using 
Stata version 13.1 (StataCorp., College Station, TX, USA), 
and the nomogram was developed using R (version 2.11.1; 
R Foundation for Statistical Computing, Vienna, Austria).

Results

Study population characteristics

The training cohort included 1,201 non-metastatic breast 
cancer patients treated at SYSMH with a median follow-up 
of 57 months. The validation training cohort compromised 
538 breast cancer patients in GGH with a median follow-
up of 63 months. The 5-year DMFS probabilities were 
95.74% [95% confidence interval (CI): 94.12–96.73%] in 
the SYSMH cohort and 91.02% (95% CI: 88.25–93.27%) 
in the GGH cohort.

Clinicopathological features and treatment patterns of 
the study population are listed in Table 1. Patients from the 
two cohorts had a similar age (median age, 48–49 years). 
In the training cohort, 71.11% of patients had tumors less 
than 2 cm, whereas 97.21% of patients in the validation 
cohort had tumors less than 2 cm. In the GGH cohort, 
approximately 60% of patients had positive lymph node 
disease. In contrast, approximately 13% more patients in 
the training group had positive lymph node disease. In 
addition, we observed that histologic type, Ki67 status, LVI, 
and chemotherapy were significantly different in the two 
cohorts.

Independent prognostic factors for DMFS in the training 
cohort

The univariate and multivariate analyses (Table 2) 
demonstrated that age ≤35 years [vs. age 35–50 years, hazard 
ratio (HR) =2.81, 95% CI: 1.24–6.38, P=0.014], tumor size 
>2 cm (vs. tumor size ≤2 cm, HR =2.08, 95% CI: 1.17–3.72, 
P=0.013), positive lymph node involvement (vs. lymph node 
negative, HR =2.81, 95% CI: 1.56–5.05, P=0.001), HER2-
enriched subtype (vs. luminal A, HR =4.34, 95% CI: 1.36–
13.80, P=0.013), and triple negative subtype (vs. luminal A, 
HR =3.85, 95% CI: 1.19–12.48, P=0.025) were significantly 
associated with a poor 5-year DMFS. The presentation of 
the LVI was statistically significant in the univariate analysis 
(vs. LVI negative, HR =2.04, 95% CI: 1.03–4.03, P=0.039) 
but not in the multivariate analysis (vs. LVI negative, HR 
=1.61, 95% CI: 0.80–3.25, P=0.185). 

Prognostic nomogram for DMFS

A nomogram was developed using the significant 
predictors and LVI, which improved the performance of 
the nomogram (Figure 1). The C-index was 0.75 (95% 
CI: 0.67–0.83) for the training cohort and 0.71 (95% 
CI: 0.64–0.78) for the validation cohort. The calibration 
curves showed that the predicted DMFS agreed well with 
the actual DMFS in the training cohort and the validation 
cohort (Figure 2). When applied to the external validation 
cohort, both the C-index and calibration curves suggested 
good robustness.

Performance of the nomogram in stratifying patient risk

According to the points in the training cohort, the median 
risk score was used to identify the optimal cut-off values. All 
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Table 1 Clinicopathologic characteristics of the training cohort and validation cohort

Variable Training cohort, n=1,201 (%) Validation cohort, n=538 (%) P

Age at diagnosis (years)

Median [range] 48 [18–80] 49 [18–82]

≤35 84 (6.99) 40 (7.43) 0.742

35–50 584 (48.63) 251 (46.65)

>50 533 (44.38) 247 (45.91)

Tumor size (cm) <0.001

≤2 854 (71.11) 523 (97.21)

>2 347 (28.89) 15 (2.79)

Histologic type <0.001

IDC 988 (82.26) 514 (95.54)

DCIS 71 (5.91) 5 (0.93)

Others 142 (11.82) 19 (3.53)

Lymph node status <0.001

Positive 877 (73.02) 323 (60.04)

Negative 324 (26.98) 215 (39.96)

Ki67 status <0.001

≥20% 533 (44.38) 188 (34.94)

<20% 668 (55.62) 350 (65.06)

LVI status 0.001

Positive 193 (16.07) 121 (22.49)

Negative 1,008 (83.93) 417 (77.51)

Hormone receptor status 0.006

Positive 1,043 (86.84) 440 (81.78)

Negative 158 (13.16) 98 (18.22)

HER2 status 0.117

Positive 359 (29.89) 141 (26.21)

Negative 842 (70.11) 397 (73.79)

Molecular subtype 0.190

Luminal A 356 (29.64) 164 (30.48)

Luminal B (HER2−) 401 (33.39) 179 (33.27)

Luminal B (HER2+) 286 (23.81) 115 (21.38)

HER2-enriched 73 (6.08) 26 (4.83)

Triple negative 85 (7.08) 54 (10.04)

Chemotherapy <0.001

Yes 1,074 (89.43) 448 (83.27)

No 127 (10.57) 65 (12.08)

Unknown 0 25 (4.65)

IDC, invasive ductal carcinoma; DCIS, ductal carcinoma in situ; LVI, lymphovascular invasion; HER2, human epidermal growth factor 
receptor 2.
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Table 2 Univariate and multivariate Cox proportional hazards regression for DMFS

Variable
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age at diagnosis (years)

≤35 2.74 1.22–6.20 0.015 2.81 1.24–6.38 0.014

35–50 1 1

>50 0.94 0.50–1.77 0.860 1.43 0.61–3.33 0.411

Tumor size (cm)

≤2 1 1

>2 2.46 1.39–4.36 0.002 2.08 1.17–3.72 0.013

Lymph node status

Negative 1 1

Positive 3.02 1.70–5.36 <0.001 2.81 1.56–5.05 0.001

LVI status

Negative 1 1

Positive 2.04 1.03–4.03 0.039 1.61 0.80–3.25 0.185

Molecular subtype

Luminal A 1 1

Luminal B (HER2–) 1.64 0.69–3.91 0.264 1.81 0.55–5.95 0.329

Luminal B (HER2+) 1.81 0.74–4.42 0.195 1.83 0.67–5.01 0.238

HER2-enriched 3.84 1.33–11.07 0.013 4.34 1.36–13.80 0.013

Triple negative 3.31 1.20–9.13 0.021 3.85 1.19–12.48 0.025

DMFS, distant metastasis-free survival; HR, hazard ratio; CI, confidence interval; LVI, lymphovascular invasion; HER2, human epidermal 
growth factor receptor 2.

Figure 1 Nomogram for predicting 5-year distant metastasis-free survival in breast cancer patients.
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patients were classified into two groups: low risk (≤90.45) 
and high risk (>90.45). In addition, based on the risk 
stratification, Kaplan-Meier curves for DMFS were used 
both in the training cohort and the validation cohort. The 
low-risk group had significantly better DMFS than the 
high-risk group (P<0.001, Figure 3).

Discussion

This study was the first to use Chinese databases for 
developing and externally validating a novel nomogram 
to predict individualized DMFS for non-metastatic 
breast cancer patients. Previous nomograms were mainly 
established based on western women, but Chinese patients 
have significantly different clinicopathological features to 

those of patients in western countries. For instance, breast 
cancer patients in China are considerably younger (1,17), 
and have more advanced clinical stage at diagnosis due to 
the lack of screening programs. Furthermore, many new 
drugs are not included in the reimbursement category 
due to the imperfect medical insurance system, such as 
pertuzumab and T-DM1, and the prognosis of breast 
cancer patients in China is worse than that in the West (1).  
Therefore, a precise prediction model for the Chinese 
population is urgently needed.

Many previous nomograms have been constructed with 
immunohistochemical expression levels to predict the risk of 
breast cancer metastasis (18,19); however, few models have 
been constructed based on biological subtypes. Molecular 
subtypes are known to be of great significance for breast 

Figure 2 Calibration curves for 5-year distant metastasis-free survival of nomography in the training cohort (A) and validation cohort (B).

Figure 3 Kaplan-Meier curves for 5-year distant metastasis-free survival based on risk group stratification of the nomogram in the training 
cohort (A) and validation cohort (B).
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cancer treatment patterns, especially for endocrine therapy 
and targeted therapy. Meanwhile, different molecular 
subtypes represent different survival outcomes in breast 
cancer patients (20). As is known, patients with luminal A 
tumors have better survival outcomes than those with other 
molecular subtypes. Her2-positive and triple negative breast 
cancer are associated with shorter DMFS in breast cancer 
patients. These observations substantiate the assumption 
that the molecular gene expression specific for a subtype 
has clinical significance (21). Taken together, we suggest 
that biological subtypes rather than clinicopathological 
parameters  may be more sui table  for  our  model 
development in breast cancer patients.

Nearly one quarter of breast cancer patients will 
present with DM. Because of the heterogeneity of breast 
cancer, tumor cells can easily metastasize into the bone, 
lung, liver, brain, and other body parts even after surgery 
and adjuvant therapy. Patients with DM may suffer from 
various symptoms, including bone pain, upper abdominal 
discomfort, cough, headaches etc., which will have a 
great impact on quality of life. The organs to which 
breast tumors preferentially metastasize are of clinical 
and biological importance and are closely associated with 
patients’ prognoses (22). Several studies have suggested 
that bone metastasis is significantly more likely in breast 
cancer patients with luminal A and luminal B subtypes than 
in those with other subtypes (22). Adjuvant therapy with 
zoledronic acid has been reported to reduce risk of disease-
free survival events in premenopausal and postmenopausal 
women with breast cancer (23,24), and bisphosphonates 
not only benefit those who experience bone disease but also 
those who have an increased risk of bone metastases (25). 
Based on our study, we could recommend that patients with 
luminal A or luminal B tumors with a high risk of DM use 
adjuvant bisphosphonates to improve the survival outcome. 
Therefore, this prognostic predication contributes to the 
selection of appropriate local or systemic therapies for high-
risk metastatic breast cancer patients.

Additionally, the molecular subtypes are related to 
distinct patterns of metastatic spread (26,27). A series of 
studies have demonstrated that luminal/HER2 positive 
and HER2- enriched breast tumors are related to a 
notably higher rate of brain, liver, and lung metastases. 
Triple negative tumors have a high risk of brain and lung 
metastases (26). As a result, it has been revealed that patients 
with HER2-enriched or triple negative breast tumors 
have higher frequencies of central nervous system (CNS) 
involvement (28-30). Unfortunately, patients who develop 

CNS disease from breast cancer have a poor outcome, with 
a 1-year survival rate of 20% (31). A serious consideration is 
that CNS imaging studies are not conventionally necessary 
in breast cancer patients with regular follow-up surveillance; 
therefore, most CNS metastases are detected when 
symptomatic (32). However, some clinicians recommend 
that CNS imaging should be a routine assessment or that 
the interval time between regular examinations in high-risk 
patients should be shorter (30,33,34). In our study, patients 
younger than 35 years, positive lymph node involvement, 
and Her2-positive or triple negative breast cancer had 
a higher risk of DM. Thus, an intensive surveillance 
plan should be tailored to these patients. Increasing the 
frequencies of diagnostic tests in high-risk patients and 
reducing the frequencies in low-risk patients may improve 
the efficiency of surveillance. This present model could be a 
valuable tool in the design of risk-stratified clinical follow-
up studies and could improve surveillance plans.

It is known that nomograms contain more prognostic 
variables than the traditional TNM staging system (35). 
Nomograms have been accepted as useful alternative tools 
for making an accurate prediction through an easy-to-use 
scoring system. Independent prognostic factors such as age, 
histology and hormone receptor status could significantly 
contribute to the individualized prediction of survival  
(3-5). Identifying patients with different prognoses may 
have an effect on treatment regimens or patterns of care. 
Furthermore, oncologists could utilize this nomogram to 
select the low-risk and high-risk DM patients and provide 
more appropriate adjuvant treatment and surveillance. For 
example, high-risk patients should receive more intensive 
therapies and follow-up, especially those younger than 35.

Our nomogram demonstrated good accuracy for Chinese 
individualized survival prediction, and may facilitate the 
communication between physicians and patients. However, 
there are some limitations to our study. First, different 
institutions may have different protocols for breast cancer 
treatments and surveillance, and selection bias might exist, 
as this nomogram depended on retrospective cohorts. 
Second, many breast cancer patients received postoperative 
comprehensive therapies at outpatient department, however, 
detailed treatment data were unavailable. Different systemic 
therapies may affect survival outcomes, and whether 
incorporating comprehensive therapy strategies into our 
model would improve its performance is unclear. Third, 
the classification of breast cancer based on the subtypes is 
somewhat controversial (36), and the optimal cutoff for ER 
protein is still being debated (37). A study demonstrated 
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that most low ER-staining tumors are HER2-enriched or 
are basal-like cancer and have similar pathologic features to 
ER-negative tumors (38). Fourth, several pathological and 
biological factors, such as urokinase plasminogen activator 
(uPA)/plasminogen activator inhibitor (PAI-1) (39) and 
cathepsin D (Cath-D) (40) have been associated with breast 
tumor aggressiveness and a propensity towards metastasis, 
but we did not obtain this relevant information. Moreover, 
this model was constructed only based on Chinese patients; 
thus, the applicability of this nomogram needs to be 
validated in other Asian and western populations with a 
longer follow-up.

Conclusions

In conclusion, we established and externally validated a 
precise nomogram for predicting DMFS in non-metastatic 
breast cancer patients. This convenient model may help 
physicians to identify subgroups of patients who are in need 
of specific treatment strategies and intensive surveillance 
plans.
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