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Abstract

Background: 5-10% of patients are diagnosed with metastatic breast cancer (MBC) at the initial diagnosis. This
study aimed to develop a nomogram to predict the overall survival (OS) of these patients.

Methods: de novo MBC patients diagnosed in 2010-2016 were identified from the Surveillance, Epidemiology, and
End Results (SEER) database. They were randomly divided into a training and a validation cohort with a ratio of 2:1.
The best subsets of covariates were identified to develop a nomogram predicting OS based on the smallest Akaike
Information Criterion (AIC) value in the multivariate Cox models. The discrimination and calibration of the
nomogram were evaluated using the Concordance index, the area under the time-dependent receiver operating
characteristic curve (AUC) and calibration curves.

Results: In this study, we included 7986 patients with de novo MBC. The median follow-up time was 36 months
(range: 0-83 months). Five thousand three-hundred twenty four patients were allocated into the training cohort
while 2662 were allocated into the validation cohort. In the training cohort, age at diagnosis, race, marital status,
differentiation grade, subtype, T stage, bone metastasis, brain metastasis, liver metastasis, lung metastasis, surgery
and chemotherapy were selected to create the nomogram estimating the 1-, 3- and 5- year OS based on the
smallest AIC value in the multivariate Cox models. The nomogram achieved a Concordance index of 0.723 (95% C|,
0.713-0.733) in the training cohort and 0.719 (95% Cl, 0.705-0.734) in the validation cohort. AUC values of the
nomogram indicated good specificity and sensitivity in the training and validation cohort. Calibration curves
showed a favorable consistency between the predicted and actual survival probabilities.

Conclusion: The developed nomogram reliably predicted OS in patients with de novo MBC and presented a
favorable discrimination ability. While further validation is needed, this may be a useful tool in clinical practice.
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Background

Breast cancer is the most common kind of malignancy
in females worldwide; it ranks second in contributing to
tumor related death in women [1, 2]. Approximately
266,120 new cases of invasive breast cancer and 40,920
breast cancer deaths were expected to occur among US
women in 2018 [1]. 5-10% of patients were diagnosed
with metastatic breast cancer (MBC) at the initial diag-
nosis. Accurately estimating the prognosis of these pa-
tients helps greatly in clinical decision-making. However,
most prognosis models were developed for early-stage
breast cancer [3, 4]. Thus, effective prediction models
for de novo MBC patients are warranted to be
developed.

Breast cancer tends to be heterogeneous, characterized
by diverse histopathologic and molecular features, in-
cluding age at diagnosis, race, differentiation grade, mo-
lecular subtypes, and site of metastasis. These
characteristics were previously reported to be associated
with survival of de novo MBC patients [5, 6]. Chemo-
therapy and radiation therapy remain the mainstay for
MBC patients. Primary tumor resection is not routinely
recommended because MBC is considered an incurable
disease [7, 8]; it is only considered as a means of palli-
ation. However, many retrospective analyses reported
the survival benefit of primary tumor resection [9-12].
These factors mentioned above may interact, leading to
distinct outcomes across individual patients.

A nomogram is a reliable and accurate visualization
model utilizing risk factors identified in multivariate ana-
lysis; it is widely used for the prediction of survival in
oncology [13, 14]. In this study, we developed and vali-
dated a nomogram to predict the survival of de novo
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MBC patients, through a large cohort of well-
characterized patients identified from the Surveillance,
Epidemiology and End Results (SEER) database.

Methods

Patients

Data was obtained from the National Cancer Institute’s
Surveillance, Epidemiology, and End Results (SEER) pro-
gram, which consists of 18 population-based cancer
registries, for patients diagnosed between 2010 and
2016. SEER is an open-access resource for tumor-based
demographic and pathological information, as well as
treatment information and patient survival outcomes.
SEER*Stat Version 8.3.4 (http://www.seer.cancer.gov/
seerstat) was used to identify eligible patients.

Because the SEER database began collecting informa-
tion on the human epidermal growth factor receptor-2
(HER2) status and sites of distant metastasis in 2010,
this was used as the starting point. The inclusion criteria
of MBC patients were listed as follows: female, year of
diagnosis from 2010 to 2016, older than 18years old
when diagnosed, breast cancer as the first and only ma-
lignant tumor diagnosis, histology of infiltrating duct or/
and lobular carcinoma(IDC, ILC), at least one distant
site of de novo metastasis. Patients with unknown condi-
tion of marital status, race, differentiation grade, T stage,
N stage, site of metastasis, or follow-up information
were excluded.

Demographic variables including age at diagnosis (<=
40, 40-60, and > 60 years), race (white, black, and others,
including American Indian/Alaska Native, Asian or Pa-
cific Islander) and marital status (married and unmar-
ried, including divorced, separated, widowed, single

2020-2016
(n=14364)

Female patients with MBC in SEER database

Patients in final analysis

Patients excluded (n=6378), including:
Unknown marital status (n=831)
Unknown race (n=51)

Unknown grade (n=1877)

(n=7986)
Randomization

Unknown T stage (n=1010)
Unknown N stage (n=503)

Unknown site of metastasis (n1=2059)
Unknown deathreseaon (n=47)

Patients in training cohort
n=5324)

Patients in validation cohort
(n=2662)

Fig. 1 The flowchart of patient selection process
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Table 1 The demographic, pathological and treatment information of MBC patients diagnosed at 2010-2016 in the SEER database

Characteristics The initial cohort The training cohort The validating cohort p value
Number Percent (%) Number Percent (%) Number Percent (%)
Age 0.873
<=40 824 10.3 556 104 268 10.1
<=60 3462 434 2305 433 1157 435
> 60 3700 46.3 2463 46.3 1237 46.5
Race 0.160
White 5999 75.1 4016 754 1983 74.5
Black 1339 16.8 898 169 441 166
Others® 648 8.1 410 7.7 238 89
Marital status 0.837
Unmarried® 4208 52.7 2801 526 1407 529
Married 3778 473 2523 474 1255 47.1
Histology 0615
IDC 6845 85.7 4571 85.9 2274 854
ILC 737 9.2 480 9.0 257 9.7
IDC and ILC 404 5.1 273 5.1 131 49
Grade 0.936
I 571 7.2 377 7.1 194 73
Il 3397 425 2269 426 1128 424
v 4018 503 2678 503 1340 50.3
Subtype 0431
HR-+/HER2- 4602 576 3073 57.7 1529 574
HR—/HER2+ 782 9.8 504 9.5 278 104
HR+/HER2+ 1518 19.0 1009 19.0 509 19.1
HR—/HER2- 1084 13.6 738 139 346 13.0
T stage 0.524
T 922 1.5 616 11.6 306 1.5
T2 2829 354 1857 349 972 36.5
T3 1514 19.0 1015 19.1 499 18.7
T4 2721 34.1 1836 345 885 332
N stage 0.335
NO 1740 218 1159 218 581 218
N1 3856 483 2538 477 1318 495
N2 1093 137 743 14.0 350 13.1
N3 1297 16.2 884 16.6 413 155
Bone metastasis 0420
no 2121 26.6 1399 26.3 722 27.1
yes 5865 734 3925 737 1940 729
Brain metastasis 0.661
no 7438 93.1 4954 93.1 2484 933
yes 548 6.9 370 6.9 178 6.7
Liver metastasis 0.716
no 5616 703 3737 70.2 1879 706
yes 2370 29.7 1587 29.8 783 294
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Table 1 The demographic, pathological and treatment information of MBC patients diagnosed at 2010-2016 in the SEER database

(Continued)
Characteristics The initial cohort The training cohort The validating cohort p value
Number Percent (%) Number Percent (%) Number Percent (%)

Lung metastasis 0.907
no 5231 65.5 3485 65.5 1746 65.6
yes 2755 34.5 1839 34.5 916 344

Surgery 0.661
No 5790 72.5 3843 72.2 1947 73.1
BCS 832 104 560 105 272 102
Mastectomy 1364 17.1 921 17.3 443 166

Radiotherapy 0445
No/Unknown 5189 65.0 3444 64.7 1745 65.6
Yes 2797 350 1880 353 917 344

Chemotherapy 0.948
No/Unknown 3049 382 2034 382 1015 38.1
Yes 4937 61.8 3290 61.8 1647 619

20ther races included American Indian/Alaska Native, Asian or Pacific Islander

PUnmarried included divorced, separated, widowed, single (never married) or domestic partner

(never married) or domestic partner). Tumor character-
istics included histology (IDC, ILC, and IDC and ILC),
grade (grade I, grade II and grade III/IV), molecular sub-
type, T stage (T1, T2, T3, and T4), N stage (NO, N1, N2
and N3), and metastatic site (the bone, brain, liver, and
lung). Therapies included chemotherapy (No/Unknown
and Yes), radiation (No/Unknown and Yes), and surgery
of the primary tumor (No, Mastectomy, and Breast con-
servation surgery (BCS)). Estrogen receptor (ER) and
progesterone receptor (PR) status were combined as the
hormone receptor (HR) status, and the breast cancer
molecular subtype was stratified based on joint HR and
human epidermal growth factor receptor-2 (HER2) sta-
tuses (HER2-/HR+, HER2+/HR-, HER2+/HR+, and
HER2-/HR-).

Statistical analysis

Patient demographics, tumor characteristics and treat-
ment information were compared using the chi-square
test. Overall survival (OS) was defined as the time from
breast cancer diagnosis to death from any cause. Patients
in the initial cohort were allocated randomly into a
training cohort and a validation cohort with a ratio of 2:
1. The training cohort was used to develop a nomogram
while the validation model was used to validate the
model. In the training cohort, the covariates included in
the multivariate Cox proportional hazards models were
identified by a backward stepwise method based on the
smallest Akaike information criterion (AIC) value, which
indicated the minimal loss of prognostic information
[15, 16].

The nomogram was developed on the basis of inde-
pendent risk factors and using the “rms” R package. The
predictive capacity of the nomogram was assessed using
Harrell's C-index (the concordance statistic, or C-
statistic) and the area under the time-dependent receiver
operating characteristic curve (AUC), which estimates
the probability between the observed and predicted OS.
Bootstrapping method with 1000 resamples was utilized
to generate the calibration curves for validation of the
nomogram in the training cohort and in the validation
cohort. The scores of each variable were calculated using
the “nomogramEx” package in R. On the basis of the
scores of each variable, the total scores for each patient
could be calculated.

All analyses were performed with SPSS (version 24.0;
SPSS, Inc., Chicago, IL) and R version 3.6.0 (http://www.
r-project.org). Statistical significance was assumed at a
two-side p value of < 0.05.

Results

Patient characteristics

We included 7986 patients with de novo MBC in the
final analysis. The flowchart of the patient selection
process is shown in Fig. 1. The median follow-up time
was 36 months (range: 0—83 months). The median age at
diagnosis was 59years. Most of the patients (75.1%,
5999) were white. 50.3% (4018) of tumors were poorly
differentiated or undifferentiated. HR+/HER2- was the
most common (57.6%) subtype among MBC patients,
followed by HR+/HER2+ (19.0%) and TNBC (triple
negative breast cancer) (13.6%) while HR-/HER2+ was
the least common (9.8%) subtype. The most common
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Characteristics

Univariate Cox analysis

Multivariate Cox analysis

Hazard ratio 95%Cl p value Hazard ratio 95%Cl p value
Age
<=40 R <0.001 R <0.001
< =60 1.328 1.148 1537 <0.001 1.231 1.062 1427 0.006
> 60 1.870 1621 2.159 <0.001 1.724 1483 2.003 <0.001
Race
White R <0001 R <0.001
black 1.394 1.268 1.533 <0.001 1.275 1.154 1.407 <0.001
Others? 0.884 0.756 1.033 0.122 0.922 0.788 1.079 0311
Marital status
Unmarried” R <0001 R <0001
Married 0.666 0616 0.719 0.751 0.694 0813
Histology
IDC R 0.189 Not included
ILC 0916 0.801 1.048 0.202
IDC and ILC 0.882 0.738 1.053 0.164
Grade
I R <0.001 R <0.001
Il 1.228 1.036 1454 0018 1401 1.180 1.662 <0.001
/v 1.743 1476 2058 <0.001 1.792 1.504 2135 <0.001
Subtype
HR+/HER2- R <0.001 R < 0.001
HR—/HER2+ 0.988 0.860 1.135 0.862 0972 0835 1.132 0.715
HR+/HER2+ 0.801 0.717 0.895 <0.001 0.832 0.739 0.938 0.003
HR—/HER2- 1.926 2.649 3.232 <0.001 2.969 2642 3.337 <0.001
T stage
T R <0.001 R 0.001
T2 1.005 0.878 1.151 0938 1.011 0.882 1.159 0.875
T3 1.162 1.003 1.345 0.045 1.059 0913 1.229 0450
T4 1.507 1.321 1.720 <0.001 1213 1.059 1.389 0.005
N stage
NO R 0.244 Not included
N1 0.930 0811 1.066 0.298
N2 0.827 0.685 0.998 0.047
N3 0.966 0.810 1.151 0.696
Bone metastasis
No R <0.001 R <0.001
Yes 0.856 0.787 0932 1.208 1.099 1327
Brain metastasis
No R <0.001 R <0.001
Yes 2314 2.040 2626 1.962 1.724 2.233
Liver metastasis
No R <0.001 R <0.001
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Characteristics Univariate Cox analysis

Multivariate Cox analysis

Hazard ratio 95%Cl p value Hazard ratio 95%Cl p value
Yes 1.534 1416 1.661 1.728 1.586 1.883
Lung metastasis
No R <0.001 R <0.001
Yes 1.570 1453 1.697 1.335 1.228 1452
Surgery
No R <0.001 R <0.001
BCS 0.547 0476 0628 <0.001 0.606 0.526 0.699 <0.001
Mastectomy 0.724 0.654 0.802 <0.001 0.762 0.686 0.845 <0.001
Radiotherapy
No/Unknown R 0.003 Not included
Yes 0.885 0818 0.958
chemotherapy
No/Unknown R <0.001 R < 0.001
Yes 0.674 0.624 0.727 0.564 0.516 0617

?Other races included American Indian/Alaska Native, Asian or Pacific Islander

PUnmarried included divorced, separated, widowed, single (never married) or domestic partner

site of metastasis was bone, making up 73.4% (5865)
while the least common site of metastasis was brain,
making up 6.9% (548). 27.5% (2196) of patients received
surgery for the primary tumor, of which 37.9% (832)
underwent BCS. 35.0% (2797) of patients received radio-
therapy and 61.8% (4937) of patients received chemo-
therapy. The 1-, 3-, and 5-year OS rates were 74.5, 45.3,
and 28.2%, respectively.

The included 7986 patients were allocated randomly
into the training cohort (N=5324) and the validation
cohort (N=2662). The demographic, pathological and
treatment information of the two cohorts is listed in
Table 1. The distribution of these factors was balanced
in the training and validation cohorts. The median OS
of the training and validation cohorts was 38 months
(interquartile range, 13-66 months) and 39 months
(interquartile range, 12—68 months), respectively.

Nomogram construction

According to univariate analysis, age at diagnosis, race,
marital status, differentiation grade, molecular subtype,
T stage, bone metastasis, brain metastasis, liver metasta-
sis, lung metastasis, surgery, radiotherapy and chemo-
therapy were associated with OS (p < 0.05, Table 2). The
smallest AIC value occurred when we incorporated 12
factors into the multivariate Cox analysis: age at diagno-
sis, race, marital status, differentiation grade, molecular
subtype, T stage, bone metastasis, brain metastasis, liver
metastasis, lung metastasis, surgery and chemotherapy
(AIC = 6606.9). Figure 2 shows the prediction of the 1-,
3- and 5-year OS probability in the nomogram. Every

specific value of these factors was allocated a score on
the points scale. By adding up these scores, the total
score was calculated. The total points was used to esti-
mate the 1-, 3- and 5-year survival probability for every
individual patient.

Nomogram validation and calibration

The nomogram was validated in the training cohort and
in the validation cohort, respectively. The C-index was
0.723 (95% CI, 0.713-0.733) and 0.719 (95% CI, 0.705—
0.734) in the training and validation cohort, respectively.
In the training cohort, the AUC values of the nomogram
to predict 1-, 3- and 5-year OS was 0.784 (95% CI,
0.752-0.816), 0.777 (95% CI, 0.757-0.798) and 0.786
(95% CI, 0.768-0.803), respectively. In the validation co-
hort, the AUC values of the nomogram to predict 1-, 3-
and 5-year OS was 0.802 (95% CI, 0.762—-0.841), 0.784
(95% CI, 0.757-0.811) and 0.790 (95% CI, 0.765-0.814),
respectively (Fig. 3). The calibration plots for the prob-
ability of OS indicated an optimal agreement between
1-, 3- and 5-year prediction by nomogram and observa-
tion in both training cohort and validation set (Fig. 4).

Discussion

The survival of patients with de novo MBC is difficult to
predict, because of the lack of prediction models for
these patients. In this study, we developed a nomogram
to visualize survival of de novo MBC patients identified
from the SEER database. This model was validated, and
the performance was evaluated. Calibration plots showed
an optimal agreement between the observed risks and
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Fig. 2 Nomogram predicted 1-, 3- and 5-year overall survival for de novo MBC patients

the estimated risks by the nomogram, indicating the reli-
ability of this model. Discrimination was evaluated by
the C-index and AUC values. Both of them indicated
good specificity and sensitivity in this nomogram.

Several nomograms have been developed to predict
the survival of MBC patients [17-20]. C. K. Lee et al. fo-
cused on predicting survival of MBC patients with re-
lapsed disease [17]; Giovanni Corso et al. used a
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nomogram to predict the risk of developing relapsed dis-
ease [20]; studies by S. R. Li et al. and Z. C. Xiong et al.
combined the de novo MBC patients and those with re-
lapsed disease [18, 19]. However, many studies have
shown that women with de novo MBC represent a
group that is distinct from that of women with relapsed
breast cancer [21-23] . Patients with de novo MBC usu-
ally have better survival than those developed from re-
gional diseases. One hypothesis explaining the better
outcome of de novo MBC than recurrent MBC is the
use of adjuvant systemic therapy in patients with re-
lapsed disease. Due to the selection of more resistant or
aggressive clones during adjuvant therapy, the metastatic
disease of recurrent MBC becomes more resistant to
therapy. Thus, recurrent MBC patients should not be
mixed together with de novo MBC patients. In our
study, we only included de novo MBC patients; to our
knowledge, it was the first nomogram to predict survival
of patients with de novo MBC.

MBC is a kind of heterogeneous diseases. Many factors
affect the prognosis and therapeutic efficacy of drugs.
The molecular subtype is a vital prognostic factor and
serves as the cornerstone of treatment [6, 24, 25]. Ac-
cording to the expression condition of ER, PR and
HER?2, breast cancer can be divided into four subtypes—
HR+/HER2-, HR-/HER2+, HR+/HER2+ and TNBC
characterized by the absence of ER, PR and HER2. In
our analysis, HR+/HER2- was the most common (57.6%)
subtype among MBC patients, followed by HR+/HER2+
(19.0%) and TNBC (13.6%) while HR-/HER2+ was the
least common (9.8%) subtype. In the nomogram, mo-
lecular subtype played a major role in the scoring sys-
tem. TNBC subtype yielded the highest score, consistent
with previous reports [5, 24, 26]. The site of distant me-
tastasis was reported to be correlated with the survival
of MBC patients. Patients with bone metastasis showed
the best prognosis and those with brain metastasis
showed the worst prognosis [5, 27-29]. The score distri-
bution of metastasis in the nomogram showed consistent
results. It also has been reported that among MBC pa-
tients, molecular subtype correlated tightly with the pre-
ferred metastatic site [5, 27, 30]. Even in patients
metastatic to the same site, molecular subtype showed a
significant prognostic role. Age at diagnosis, marital sta-
tus and differentiation grade also had an impact on sur-
vival. In our analysis, we combined all these prognostic
factors to construct the nomogram, in order to predict
the survival of a specific patient with de novo MBC ac-
curately and identify patients with favorable prognosis.
Those at a low risk of mortality should be given aggres-
sive multidisciplinary therapy.

MBC is considered incurable. Systemic therapy re-
mains the mainstay of therapy [7]. Over the past 2 de-
cades, survival of MBC patients has improved
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dramatically due to the development of target therapy
and palliative care [31-33]. In our analysis, the 1-, 3-,
and 5-year OS rates were 74.5, 45.3, and 28.2%, respect-
ively. However, the prognostic role of primary tumor re-
section has not been determined. In this study, we found
MBC patients benefited from surgery of the primary
tumor. This finding was in agreement with conclusions
reported in other retrospective studies [9, 34, 35]. Due
to the selection bias existing in retrospective studies, the
protective role of surgery couldn’t be directly concluded.
Prospective randomized clinical trials have investigated
the role of primary tumor resection in MBC patients,
and resulted in contradictory conclusions [36, 37]. These
results indicated that primary tumor resection did im-
prove the survival of a subset of patients, but we have to
determine who should receive primary tumor resection
and when to administer the surgery.

There existed some limitations in this study. Firstly, it
was a retrospective study and it was subject to all the in-
herent biases associated with this type of study design.
Furthermore, some prognostic factors were not included
in the SEER database, including the number of meta-
static lesions, use of endocrine therapy and use of target
therapy. Thirdly, the nomogram in our study was vali-
dated in the same population and such validation on
model performance could be biased. Therefore, the pre-
dictive effect of the nomogram needs to be assessed
carefully in other cohorts.

Conclusion

The developed nomogram reliably predicted OS in pa-
tients with de novo MBC and presented a favorable dis-
crimination ability. Using this model, the role of primary
tumor surgery and other significant prognostic factors in
MBC patients could be estimated. This will guide surgi-
cal decision making in clinical practice, although the
findings require additional validation.
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