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Background: The overall survival (OS) among patients with advanced breast cancer (ABC) varies greatly.
Although molecular subtype is known as the most important factor in OS differentiation, significant
differences in OS among patients with the same molecular subtype still occur, leading to the need for a more
accurate prognostic prediction model. This study aimed to develop a prediction model (nomogram) based on
current diagnosis and treatment to predict the OS of newly diagnosed ABC patients in China.

Methods: From the institution’s database, we collected data of 368 ABC patients from Sun Yat-sen
Memorial Hospital (national hospital) as a training set to establish a nomogram with prognostic risk factors
that calculated the predicted probability of survival. Nomograms were independently validated with 278
patients with ABC from two other institutions using the concordance index (C-index), calibration plots and
risk group stratifications.

Results: The initial primary tumor stage, molecular subtype, disease-free survival (DFS), presence of
brain metastasis, and the tumor burden of metastasis disease (local recurrence, oligo-metastatic disease, or
multiple-metastatic disease) were included in the prognostic nomogram. The nomogram had a C-index of
0.77 and 0.71 in the training and the validation sets, respectively. The nomogram was able to stratify patients
into different risk groups, respectively (HR 6.81, 95% CI: 4.69 to 9.89, P<0.001). In the lower risk score
group (risk score <11), there was no significant difference between the OS with chemotherapy and hormone
therapy (HR 0.81, 95% CI: 0.4 to 1.47, P=0.48).

Conclusions: We have constructed a novel prediction nomogram that can guide the physicians to select
personalized treatment options. Furthermore, our study is the first to add oligo-metastatic disease and

primary endocrine/trastuzumab resistance into the prognostic models.
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Introduction

About 20-30% of breast cancer patients ultimately develop
metastasis, namely ABC patients (1,2). The survival time
of ABC varies greatly (3), although molecular subtype is
known as the most important factor in differentiating the
OS, there are still significant differences in survival time
among patients with the same molecular subtype. For
example, the OS of patients with human epidermal growth
factor receptor 2 (HER2) positive ABC range from less
than 10 months to more than 70 months (4). Therefore,
a more accurate prognostic prediction model is needed.
Accurate predictions of OS are crucial for providing
required prognostic information for ABC patients, guiding
oncologists when considering appropriate treatment
selection, and stratifying patients for prospective clinical
trials.

Previous reports have explored the prediction model
of metastasis risk or survival of early breast cancer
(EBC) (5,6). The risk factors related to prognosis
mainly include, family history of breast cancer, tumor
location, number of positive lymph nodes, histological
grade, serum CEA, CA125, and CA153, age, tumor size,
molecular subtype, and lymphovascular invasion (LVI).
However, what is the difference between survival related
variables of advanced breast cancer (ABC) and variables
of EBC. Moreover, several studies have reported that in
patients with ABC, many common parameters such as
age, disease-free survival (DFS), hormone receptor status,
and burdens of metastasis are significant and independent
predictors of OS (7,8).

Additionally, with the development of new drugs, there
are more options for the treatment of ABC, such as dual
HER?2 blockade for HER2 positive ABC (9), PD-1/PD-L1
antibody for advanced triple negative breast cancer (9), and
priority endocrine therapy including CDK4/6 inhibitors
for hormone receptor positive ABC (10). However, in
clinical practice, there are still HR+ ABC patients without
efficacy under endocrine therapy. Therefore, it is necessary
to select suitable ABC patients with priority endocrine
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therapy through appropriate prediction models. As such,
new chemotherapeutic agents, novel hormonal drugs, and
the modern molecular targeted therapies have improved
the prognosis to a greater extent but yet to be included as
predictors of OS. Besides, some new risk factors, like oligo-
metastatic disease, primary endocrine resistance, primary
trastuzumab resistance have never been applies into the
prediction model. To date, there is yet to be a generally
accepted model based on modern diagnosis and treatment
to screen for potential long-term survivors, especially for
patients in China.

This study aimed to develop and validate nomogram to
predict the OS of newly diagnosed ABC patients in China.
Our target was to supply patients and oncologists with
precise evaluation of expected survival that would generate
superior informed clinical decision-making and would
optimize the stratification of patients in future clinical trials.
We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-3473).

Methods
Study design and patients

We conducted this article in accordance with the STROBE
guideline checklist. To establish a prognostic model
of ABC, we obtained clinical data of 368 breast cancer
patients who underwent ABC management in Sun Yat-
sen Memorial Hospital (national hospital) between January
2006 and December 2016. In this study, inclusion criteria
are as follows: (I) female patients aged 18 years or above; (II)
patients diagnosed with ABC; (III) patients with available
follow-up data; (IV) patients with complete pathological
information; and (V) the follow-up time of the patients need
to be more than 24 months. The exclusion criteria included
the following: (I) prior diagnosis of malignant tumor; (II)
male breast cancer patients; (III) follow-up months less
than 24 months; (IV) unknown bone, liver, lung or brain
metastatic status; (V) unknown estrogen receptor (ER),
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progesterone receptor (PR), HER2 status or tumor stage;
(VI) unknown DFS or post-metastasis OS. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013). The study was approved by the ethics
committee of Sun Yat-sen Memorial Hospital, Sun Yat-
sen University (No. SYSEC-KY-KS-2018-018). Individual
informed consent was waived because of the retrospective
nature of the study and the anonymity of individual patient
data.

The following data were collected for each patient: age of
diagnosis, primary tumor site, tumor grade, primary tumor
stage, ER status, PR status, HER2 status, the recurrence
or metastatic sites (local recurrence/distant lymph nodes/
bone/brain/lung/liver), primary surgery categorization
(breast conserving therapy/breast mastectomy), radiation
therapy status, chemotherapy, endocrine therapy, survival
month, and OS status. DFS was defined as the time from
the diagnosis of primary breast cancer to the date of the
first local recurrence or distant metastases. We divided DFS
into three groups, less than 24 months, 24 to 48 months,
and more than 48 months, since 48-month is the cut-off of
primary endocrine/trastuzumab resistance and secondary
endocrine/trastuzumab resistance. According to previous
studies, primary endocrine or trastuzumab resistance ABC
patients showed worse benefit from treatment and were
equal to first-line-treatment-failure patients (11,12). Post-
metastasis OS was measured from first recurrence or
metastasis to the date of death from any cause or to most
recent follow-up date.

There were 732 ABC patients diagnosed in Sun Yat-
sen Memorial Hospital, Foshan the First Hospital, and
Sun Yat-sen University Cancer Center. Among them,
51 patients were excluded because they did not meet the
inclusion criteria, and another 35 patients were excluded
because of the lack of survival data. A total of 646 patients
were included in the final analysis, 368 of them were
diagnosed in Sun Yat-sen Memorial Hospital, set as training
data, 278 patients were set as validation data in Foshan
the First Hospital, and Sun Yat-sen University Cancer
Center. Among the validation cohort, 180 patients were
from Foshan the First Hospital, while the other 98 patients
were from Sun Yat-sen University Cancer Center, and
they were all diagnosed ABC between Jan 2007 and Dec
2017. Same inclusion and exclusion criteria were used for
patient selection in the validation set. The research project
had been approved by the ethics committee of Sun Yat-
sen Memorial Hospital, and all procedures were done in
accordance with the Declaration of Helsinki.
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Establishment of the Nomogram

We conducted a descriptive analysis of the baseline
clinicopathological features of the included patients and
used the Chi-square test to compare the characteristics of
patients between the training and validation cohort. In the
training set, survival outcome was estimated by the Kaplan-
Meier method, and the univariate and multivariate analyses
were generated with a Cox proportional hazard regression.
Variables that achieved significance at P<0.05 in univariate
analyses were entered into the multivariable analyses. We
used the Cox regression model and the “rms” package in
R to develop an OS prediction nomogram with 1-, 2-
and 3-year OS as the endpoints. We used the C-index to
evaluate the discriminative ability of the nomogram, and
calibration plots to visualize the agreement between the
predicted and actual 1-, 2- and 3-year OS.

Validation of the Nomogram

The nomogram was validated among 278 breast cancer
patients from two other hospitals in China. The prognostic
model performance for predicting outcome was generated
by C-index and the accuracy of the nomogram was
evaluated using calibration plots of 1-, 2- and 3-year OS.
The value of the C-index ranges from 0.5 to 1.0, with
0.5 indicated that the model did not predict risk better
than randomized guess, and a score of 1 indicated perfect
prediction of risk.

Risk stratification and treatment recommendation based
on the Nomogram

In addition to assessing the accuracy of the nomogram
with C-index, we sought to illustrate the discrimination
ability of the nomogram by stratifying prognostic risk and
treatment recommendation between chemotherapy and
hormone therapy. We then proceed to determine the cut-
off value through calculation of risk score and distribution

of predicted OS.

Statistical analysis

Univariate and multivariate Cox regression analysis were
used to test the independent significance of different
factors. The OS was calculated using the Kaplan-Meier
method and the log-rank test, and the hazard ratios (HRs)
and 95% confidence intervals (Cls) were calculated using
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Figure 1 Flow diagram for the eligible patients.

the Cox regression model. The optimal cutoff values for
the predictive models that were used to separate patients
into low-risk and high-risk groups were generated with the
survminer package. For all the analyses, P values less than
0.05 were considered statistically significant. The statistical
analyses were conducted in SPSS 23.0 (SPSS, Chicago, IL)
and R (version 3.3.2, http://www.r-project.org).

Results
Clinicopatbologic characteristics of patients

There were 732 ABC patients diagnosed in Sun Yat-sen
Memorial Hospital, Foshan the First Hospital, and Sun Yat-
sen University Cancer Center. Among them, 51 patients
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were excluded because they did not meet the inclusion
criteria, and another 35 patients were excluded because of the
lack of survival data. A total of 646 patients were included in
the final analysis, 368 of them were diagnosed in Sun Yat-sen
Memorial Hospital, set as training data, 278 patients were
set as validation data in Foshan the First Hospital, and Sun
Yat-sen University Cancer Center (Figure I).

All patients in the training and validation cohort were
ABC patients. In the training cohort patients who had
missing values on any of the examined variables, including
the initial primary tumor stage, the molecular subtype of
primary tumor, DFS, presence of brain metastasis, and the
tumor burden of metastasis disease were excluded. Thus,
a total of 368 patients were included according to the
inclusion criteria and excluding criteria, and 180 patients
died in the training dataset. The validation dataset consisted
of 278 patients, among which, 67 patients died. The
clinicopathological characteristics of patients in the training
and validation cohorts are summarized in Table 1.

Prognostic factors of OS in training cobort

The characters of primary tumor, like the tumor stage and
molecular subtype which was defined by ER status, PR
status and HER2 status, were significantly associated with
OS. In addition, the clinical features of first recurrence or
metastasis were also crucial in predicting OS. The DFS was
defined as the time from the diagnosis of primary breast
cancer to the date of the first local recurrence or distant
metastases. We divided DFS into three groups, less than
24 months, 24 to 48 months, and more than 48 months.
Since 48-month is the cut-off of primary endocrine/
trastuzumab resistance and secondary endocrine/
trastuzumab resistance, therefore, the DFS, the primary
endocrine or trastuzumab resistance and presence of brain
metastasis were also factors that had crucial impact on OS.
Interestingly, the age of patient first diagnosed with breast
cancer, BMI, menstruation status, and ECOG (Eastern
Cooperative Oncology Group performance) status was not
significantly associated with OS (7able 2).

Multivariable analysis and prognostic nomogram for OS

Cox proportional regression model showed primary tumor
characteristics as tumor stage (0.045), molecular subtype
(<0.001), and clinical features of recurrence or metastasis
including DFS (0.043), tumor burden of metastasis (<0.001)
and presence of brain metastasis (0.042) were independent
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Table 1 Demographics and clinicopathologic characteristics of the training cohort and the validation cohort
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Characteristics

Training cohort (n=368)

Validation cohort (n=278)

Age (year)

BMI (kg/m?)

Menopausal status, n (%)
Pre-menopause
Post-menopause

ECOG, n (%)

0

1

2-3
T, n (%)

—_

A W N

N, n (%)
0
1
2
3
Stage, n (%)
I
I
M
1Y
ER, n (%)
ER-
ER+
PR, n (%)
PR-
PR+
HER2, n (%)
HER2-
HER2+
Molecular subtype, n (%)
HR-/HER2-
HER2+
HR+/HER2-

49.5+0.61
26.0+0.83

215 (58.4)
153 (41.6)

111 (30.2)
218 (59.2)
39 (10.6)

94 (25.5)

186 (50.5)
63 (17.1)
25 (6.8)

76 (20.7)
105 (28.5)
97 (26.3)
90 (24.5)

29 (7.9)

133 (36.1)

195 (53.0)
11 (3.0)

105 (28.5)
263 (71.5)

114 (31.0)
254 (69.0)

267 (72.6)
101 (27.4)

41 (11.1)
99 (26.9)
228 (62.0)

50.8+0.5
22.8+0.2

174 (62.6)
104 (37.4)

110 (39.6)
166 (59.7)
2(0.7)

80 (28.8)
135 (48.6)
30 (10.8)
33 (11.9)

67 (24.1)
72 (25.9)
66 (23.7)
73 (26.3)

33 (11.9)
78 (28.1)

158 (56.8)
11 (4.0)

134 (48.2)
144 (51.8)

164 (59.0)
114 (41.0)

195 (70.1)
83 (29.9)

126 (45.3)
55 (19.8)
97 (34.9)

Table 1 (continued)

© Annals of Translational Medicine. All rights reserved.

Ann Transl Med 2020;8(21):1446 | http://dx.doi.org/10.21037/atm-20-3473



Page 6 of 16 Zhao et al. A survival predicted nomogram for advanced breast cancer patients

Table 1 (continued)

Characteristics Training cohort (n=368) Validation cohort (n=278)

Adjuvant chemotherapy, n (%)
No 35(9.5) 36 (12.9)
Yes 333 (90.5) 242 (87.1)
Adjuvant Herceptin, n (%)
No 272 (74.1) 215 (77.3)
Yes 95 (25.9) 63 (22.7)
Adjuvant radiotherapy, n (%)
No 158 (42.9) 145 (52.2)
Yes 210 (57.1) 133 (47.8)
Adjuvant hormone therapy, n (%)
No 124 (33.7) 133 (47.8)
Yes 244 (66.3) 145 (52.2)
Recurrence, n (%)
No 238 (64.7) 171 (61.5)
Yes 130 (35.3) 107 (38.5)

Visceral metastasis, n (%)

No 191 (51.9) 141 (50.7)

Yes 177 (48.1) 137 (49.3)
Tumor burden, n (%)

Recurrence 60 (16.3) 25 (9.0)

Oligo-metastasis 128 (34.8) 89 (32.0)

Multi-metastasis 180 (48.9) 164 (59.0)

Bone metastasis, n (%)
No 196 (53.3) 153 (55.0)
Yes 172 (46.7) 125 (45.0)

Lung metastasis, n (%)

No 254 (69.0) 175 (62.9)

Yes 114 (31.0) 103 (37.1)
Brain metastasis, n (%)

No 355 (96.5) 269 (96.8)

Yes 13 (3.5) 9@3.2)

Liver metastasis, n (%)
No 281 (76.4) 231 (83.1)
Yes 87 (23.6) 47 (16.9)

DFS, disease free survival; tumor burden, the tumor burden of metastatic disease, as recurrence, oligo-metastasis, and multi-metastasis;
T, the size of primary tumor; N, the number of involved lymph nodes; ECOG status, Eastern Cooperative Oncology Group performance
status; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; HR, hormone receptor.
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Table 2 The univariable analysis of prognostic risk factors
Factors Univariable analysis
HR 95% ClI P

ECOG PS 0.447

ECOG 0 Reference

ECOG 1-2 1.247 0.503-3.093 0.447
BMI (kg/m?) 0.347

<24 Reference

>24 1.004 0.996-1.011 0.347
Menopause status 0.518

Pre-menopause Reference

Post-menopause 1.099 0.448-2.695 0.518
Age, years 0.998

<45 Reference

>45 1.002 0.740-1.357 0.998
T 0.011*

T Reference

T2 1.043 0.725-1.501 0.819

T3 1.370 0.852-2.202 0.193

T4 2.330 1.336-4.065 0.003**
N 0.001**

NO Reference

N1 0.818 0.522-1.281 0.380

N2 1.849 1.194-2.862 0.006**

N3 1.328 0.857-2.058 0.204
Stage 0.001**

/1l Reference

/v 1.708 1.260-2.315 0.001**
ER

ER+ Reference

ER- 1.788 1.298-2.463 <0.001***
PR

PR+ Reference

PR- 1.438 1.025-2.018 <0.001***
HER2

HER2-

HER2+ 0.649 0.465-0.904 0.013*
Subtype <0.001***

HR+/HER2- Reference

HER2+ 1.825 1.284-2.592 0.001**

HR-/HER2- 2.608 1.713-3.969 <0.001***

Table 2 (continued)
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Table 2 (continued)
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Univariable analysis

Factors
HR 95% Cl P

Adjuvant chemotherapy 0.023*

Yes Reference

No 0.303 0.105-0.874 0.023*
Adjuvant radiotherapy 0.052

Yes Reference

No 1.032 0.552-1.926 0.052
Adjuvant Herceptin 0.108

Yes Reference

No 0.741 0.448-1.225 0.108
Adjuvant hormone therapy 0.601

Yes Reference

No 1.057 0.540-2.069 1.057
DFS, months <0.001***

>48 Reference

24-48 1.645 1.078-2.510 0.021*

<24 1.987 1.368-2.885 <0.001***
Tumor burden <0.001*

Multi-metastasis Reference

Oligo-metastasis 0.212 0.148-0.304 <0.001***

Recurrence 0.111 0.065-0.192 <0.001***
Bone metastasis 0.188

No Reference

Yes 1.220 0.907-1.641 0.188
Lung metastasis 0.082

No Reference

Yes 1.324 0.965-1.817 0.082
Brain metastasis <0.001**

No Reference

Yes 4.457 2.332-8.519 <0.001***
Liver metastasis <0.001*

Yes Reference

No 2.743 1.973-3.813 <0.001***

*, P<0.05; **, P<0.01; ***, P<0.001. DFS, disease free survival; tumor burden, the tumor burden of metastatic disease, as recurrence, oligo-
metastasis, and multi-metastasis; T, the size of primary tumor; N, the number of involved lymph nodes; ECOG status, Eastern Cooperative
Oncology Group performance status; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2;

HR, hormone receptor.
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Table 3 The Cox proportional hazards regression analysis
Selected factors for building the Nomogram
Factors
HR 95% Cl P
Stage 0.045*
71 Reference
n/v 1.266 1.061-1.547 0.045*
Subtype <0.001***
HR+/HER2- Reference
HER2+ 1.503 1.037-2.178 0.031*
HR-/HER2- 3.079 1.993-4.757 <0.001***
DFS, months 0.043*
>48 Reference
24-48 1.469 0.954-2.264 0.081
<24 1.634 1.110-2.406 0.013*
Tumor burden <0.001**
Multi-metastasis Reference
Oligo-metastasis 0.227 0.061-0.184 <0.001***
Recurrence 0.106 0.061-0.184 <0.001**
Brain metastasis 0.042*
No Reference
Yes 2.006 1.027-3.917 0.042*

*, P<0.05; **, P<0.01; **, P<0.001. DFS, disease free survival; tumor burden, the tumor burden of metastatic disease, as recurrence, oligo-
metastasis, and multi-metastasis; T, the size of primary tumor; N, the number of involved lymph nodes; ECOG status, Eastern Cooperative
Oncology Group performance status; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2;

HR, hormone receptor.

predictors of OS (7able 3). A nomogram that incorporated
these significant prognostic factors was established (Figure 2,
Table 4). The nomogram illustrated the tumor burden
of metastasis had the largest contribution to prognosis,
followed by the presence of brain metastasis and molecular
subtype of primary tumor. The initial tumor stage and DFS
showed a moderate impact on the OS. Each subtype with
these variables was assigned a score on the point scale, as
calculated by the rms software. By adding up these scores and
locating it on the total point scale, we were able to estimate
the probability of survival at each time point (Figure 2).

Calibration and validation of the Nomogram

The C-index of the prognostic nomogram were 0.77 (95%
CI: 0.71-0.84) and 0.71 (95% CI: 0.60-0.82) in the training
and the validation cohort, respectively. The calibration

© Annals of Translational Medicine. All rights reserved.

plots suggested that the accuracy of the predicted 1-, 2-
and 3-year OS was excellent in both the training cohort
(Figure 3) and validation cohort (Figure 4).

Performance of the Nomogram in risk stratification and
recommendation on management choice of chemotherapy
and bormone therapy

The distribution of the predicted OS by the nomogram
was shown in Figure 5, and we assigned the patients
into different risk sub-group by the cut-off value of 11,
respectively (HR 6.81, 95% CI: 4.69 to 9.89, P<0.001).
The validation dataset and the combination cohort of
training and validation dataset could also be divided into
different risk subgroup by the cut-off value (Figures S1,52).
Moreover, in the lower risk score group (risk score <11),
there was no significant difference between the OS with
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Table 4 Point assignment and prognostic score

Variables Score

Tumor stage

Stage /1l 0

Stage IlI/IV 1
Subtype

HR+/HER2- 0

HER2+ 2

HR-/HER2- 4
DFS, months

>48 0

24-48 1

<24 2

Tumor burden

Multi-metastasis 10
Oligo-metastasis 5
Recurrence 0

Brain metastasis
No 0
Yes 3

DFS, disease free survival; tumor burden, the tumor burden
of metastatic disease, as recurrence, oligo-metastasis, and
multi-metastasis; T, the size of primary tumor; N, the number
of involved lymph nodes; ECOG status, Eastern Cooperative
Oncology Group performance status; ER, estrogen receptor;
PR, progesterone receptor; HER2, human epidermal growth
factor receptor 2; HR, hormone receptor.

chemotherapy and hormone therapy (HR 0.81, 95% CI:
0.44 to 1.47, P=0.48) (Figure 6). In view of the larger
adverse effects of chemotherapy, hormone therapy should
be recommended as the first line therapy in the lower risk

group.

Discussion

We have constructed a novel prediction nomogram that
can guide the physicians to select personalized treatment
options and also help patients to obtain more clear insights
into their future outcomes. For patients with ABC, more
than 90% of patient regarded the expected survival as the
most valuable information for informed decision-making.
Therefore (13,14), accurate and personalized details of OS
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can help patients to be mentally prepared (15). Moreover, a
reliable prediction of the OS in ABC patients is a vital basis
for optimal therapy selection.

Although a few previous models have been developed to
predict the prognosis of ABC patients, current guidelines
lack clear recommendations for uniform or universally
accepted prediction model. Llombart-Cussac et /. developed
a prognostic model using data from ABC patients treated
with first-line chemotherapy plus bevacizumab for HER2-
negative ABC (16). However, important information on the
duration and efficacy of adjuvant hormonal therapy was not
available and the influence of previous endocrine therapy
on the outcome cannot be evaluated. Similar weaknesses
were also found in a cohort analysis in Germany, in which
accepted prognostic factors such as HER2/neu (an accepted
prognostic factor) was not considered in the model (17).
Lee et al. developed a model that predicts the post-
metastasis overall survival (PMOS) based on patients who
developed distant metastasis during their follow-up after
the initial treatment from the Seoul National University
Hospital. However, the classification of the Ki-67 staining
for ABC patients was not determined by the absolute value,
which resulted in inaccessibility of the impact of molecular
subtype on prognosis (18). Another nomogram was
constructed from patients treated only with anthracyclines,
CME, or capecitabine as first-line chemotherapy (19).

Today, patients with ABC are given a larger number
of choices in treatment options, including new drugs
(Eribulin), endocrine treatment (Fulvestrant), molecular
targeted therapies (Palbociclib, Pertuzumab) and small
tyrosine-kinase inhibitors (Neratinib). As a result, the
past nomogram may have underestimated the expected
OS of patients treated with current chemotherapeutic and
biological agents (20-23). Therefore, the validations of the
existing prediction models for ABC showed a modest result
with poor c-statistics ranging from 0.50 to 0.63 (24). These
inadequate prediction models indicate that the variables in
the former prognostic models were insufficient, and better
risk factors were needed to increase the robustness and
discriminatory abilities of the model.

Recent studies found that a distinctive subset of ABC
such as oligometastatic disease, which is defined as low
volume metastatic disease with limited number and size of
metastatic lesions (up to five and not necessarily in the same
organ), can achieve rapid disease control and long-term
survival benefit (25,26). Besides, the advent of new drugs has
also greatly improved the OS of ABC patients (11,27-29).
In patients with HR+/HER2- ABC subtype, Fulvestrant
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Figure 2 The prognostic nomogram to predict the 1-year, 2-year and 3-year OS of ABC patients. For each patient, we calculated the points

of the clinicopathological features, and summed up the points to obtain the total points. The predicted 1-, 2- and 3-year OS can be estimated

based on the total points of each patient. Tumor stage, the stage of primary tumor; Subtype, the molecular subtype of primary tumor; DFS,

disease free survival; tumor burden, the tumor burden of metastatic disease, as recurrence, oligo-metastasis and multi-metastasis; brain

metastasis, the presence of brain metastasis; T, the size of primary tumor; N, the number of involved lymph nodes; ER, estrogen receptor;

PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; HR, hormone receptor.

yielded significantly longer OS as the first-line therapy
(54.1 months) compared to anastrozole (48.4 months) in
the Phase II FIRST study (30). Phase III CLEOPATRA
study also reported a significant improvement in OS (HR
0.66; 95% CI: 0.52-0.84; P=0.0008) with Pertuzumab,
Trastuzumab, and Docetaxel as first-line treatment in
patients with HER2+ subtype ABC, compared with the use
of a single HER2-targeted agent (4).

Besides, for patients with triple negative breast cancer,
the inhibitor of immune checkpoint PD-L1, Atezolizumb
combined with Nano-Paclitaxel, showed a significantly
increased PFS and a trend of longer OS (25.0 wvs.
15.5 months) in PD-L1 positive patients in the Impassion
130 study (31). Hence, a more efficient prognostic model
composed of new risk factors and new cohort of patients
with current breast cancer management is needed for
choosing patients for optimal therapeutic schedule without
imposing unnecessary side effects.

In order to improve the performance of the model, we
optimized the design and constructed a novel prognostic
nomogram based on multi-center real-world data to predict
the OS of newly diagnosed ABC patients, and validated the
clinical value of our prognostic model in an independent

© Annals of Translational Medicine. All rights reserved.

validation dataset. We included crucial prognostic
parameters such as initial primary tumor stage, the precise
molecular subtype (ER, PR, HER2/neu, and Ki-67 staining
determined by absolute value), the details and effect of
adjuvant therapy, the tumor burden of metastasis disease
(local recurrence, oligo-metastatic disease, or multiple-
metastatic disease), modern therapeutic regimen (cytotoxic,
endocrine, and molecular targeted therapies), and others
as indicated in Tables 1,2. Our data indicated that the
initial primary tumor stage (P=0.045), molecular subtype
(P<0.001), DFS (P=0.043), presence of brain metastasis
(P=0.042) showed significant association with OS.
Interestingly, in this study, we found that the tumor burden
of metastasis disease (local recurrence, oligo-metastatic
disease, or multiple-metastatic disease, P<0.001), were
significantly associated with OS but was not considered
as risk factors in previous nomograms, and are firstly
introduced as risk factors in our prognostic nomogram.
Previous survival prediction models often used liver
metastasis, lung metastasis, or bone metastasis as one of
the variables, however, our study found that the number
of metastases is a more important prognostic factor than
the location of metastasis. Oligo-metastatic disease is often
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Figure 6 The OS between chemotherapy and hormone therapy
in the lower risk group of HR+/HER2- patients. In the lower
risk group of HR+/HER2- ABC patients, the OS between
chemotherapy and hormone therapy showed no significant
difference (P=0.48).

overlooked in the inclusion of risk factors in previous
nomogram development. However, the factor of oligo-
metastatic disease had both number and size information of
metastatic lesions, and was growing into a vital risk factor
of ABC. Therefore, in this study, visceral metastasis was
replaced with oligo-metastatic disease, which resulted in
a better predictive effect. Our finding was consistent with
several previous retrospective studies, which reported that
oligometastatic disease of ABC patients might benefit from
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locoregional treatment of the primary tumor and metastatic
sites strategies to achieve long-lasting remission and achieve
long-term survival (29,32).

Meanwhile, prospective Phase III MF07-01 trial also
revealed statistically significant improvement in OS with
locoregional treatment (46 vs. 37 months) at median
40 months follow up, especially for patients with a more
indolent form of ABC such as solitary bone metastasis (33).
To the best of our knowledge, this is the first time that
the oligo-metastatic disease is considered as a variable in
prognostic models.

In this prognostic model, we divided DFS with a 2-year
endpoint, which is the cut-off of primary endocrine/
trastuzumab resistance and secondary endocrine/
trastuzumab resistance. According to previous studies,
primary endocrine or trastuzumab resistance ABC patients
showed worse benefit from treatment and were equal to
first-line-treatment-failure patients (11,12). In our current
study, we also achieved similar conclusion as we found
that primary endocrine or trastuzumab resistance showed
significant value in prediction of OS. Therefore, our
nomogram is the first to introduce the addition of “primary
endocrine/trastuzumab resistance” risk factor.

Besides, the development of brain metastasis results in a
poor prognosis and a heavily impaired quality of life (34).
Similarly, we also found that presence of brain metastasis
was significantly associated with worse OS. For early
diagnosis of brain metastasis on high risk patients, Genre
et al. have validated the Graesslin’s nomogram which is
able to predict subsequent brain metastasis in patients with
proven extra-cerebral metastatic breast cancer (MBC) (21).

In our study, the developed nomogram had a C-index
of 0.77 (95% CI: 0.71-0.84) and 0.71 (95% CI: 0.60-0.82)
in the training and the validation sets, respectively. The
predicted survival using the nomogram is well correlated
with actual OS, which was indicated by the ideal calibration
plots. The above results suggested this nomogram is
accurate, reliable and robust, providing good discrimination
in both training and validation cohorts. Therefore, the
model was able to stratify patients into different risk group.
More importantly, in the HR+/HER2- lower risk score
group (risk score <11), there was no significant difference
between OS with chemotherapy and hormone therapy
(HR 0.81, 95% CI: 0.44 to 1.47, P=0.48). Based on our
findings, we could strongly suggest hormone therapy in
the lower risk group, in view of the increasing unnecessary
compromise in quality of life after chemotherapy.

Nevertheless, we are aware of the limitations of this
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study. First of all, patients in both training and validation
cohorts were retrospectively selected from independent
multi-center databases between 2006 and 2016, due to
a retrospective nature, limited available data of patient
characteristics were somewhat scattered, and the diagnosis
time span of patients was above 10 years, new drugs like
Fulvestrant, Pertuzumab, Trastuzumab, Palbociclib,
Laptinib, and Nano-Paclitaxel were available for clinical
management, but are not included in nomogram prediction,
therefore, selection bias was inevitable. The retrospective
essence of our study calls for the prospective verification
and validation of the prognostic model. Secondly, With the
development of precise treatment of ABC, more biomarkers
have become important prognostic factors, such as ctDNA,
PD-L1 expression, tumor mutation burden (TMB), tumor
infiltrating lymphocytes and other biomarkers related to
tumor microenvironment, tumor proliferation or tumor
metabolism. But the information of these biomarkers was
unavailable in this retrospective study. Therefore, further
prospective study with molecular profile and targeted
therapy related to these biomarkers is required.

Conclusions

In conclusion, we have constructed a novel prediction
nomogram that can guide the physicians to select
personalized treatment options and also help patients
to obtain a clearer insight into their future outcomes.
Furthermore, this nomogram can be a valuable tool to
screen suitable patients who might be potential candidates
for avoiding chemotherapy in first-line treatment to
increase quality of life.
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