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Introduction

Approximately 10-40% of patients with solid tumors will 
develop brain metastases (BM) over their clinical course [1]. 
The most common primary tumors that metastasize to the 
brain are lung cancer, breast cancer, and melanoma, which 
account for 67–80% of BM [2]. Synchronous brain metas-
tases (S-BM) and metachronous brain metastases(M-BM) 
are two distinct clinical conditions. M-BM refer to those 
that occur during a known underlying cancer disease and 
have undergone multimodal treatment such as radiotherapy, 
chemotherapy, immunotherapy, and targeted therapy. Com-
pared with this, S-BM refer to the initial symptoms of pre-
viously unknown systemic spreading cancer diseases [3]. 
S-BM show lower overall survival [4, 5]. Previous studies 
on the BM of lung adenocarcinoma have also elucidated the 
differences in tumor microenvironment and mutation pro-
files between S-BM and M-BM [6]. In this project, we focus 
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Abstract
In previous literatures, we found that similar studies on the short-term prognosis of synchronous brain metastases (S-BM) 
from other systems are rare. Our aim was to evaluate the early mortality rate of patients with S-BM from the Surveil-
lance, Epidemiology, and End Result (SEER) database and explore the risk factors for early mortality (≤ 1 year). We used 
Kaplan-Meier (KM) curves to evaluate early mortality in patients with S-BM from the SEER database. Logistic regression 
analyses were used to identify significant independent prognostic factors in patients with a follow-up time > 12 months. 
And the meaningful factors were used to construct a nomogram of overall early death. The receiver operating characteris-
tic (ROC) curve was used to test the predictive ability of the model, while the decision curve analysis (DCA) curve was 
used to validate the clinical application ability of the model. A total of 47,284 patients were used for univariate and multi-
variate logistic regression analysis to screen variables to constructing a nomogram. In the all-cause early mortality specific 
model, the area under the ROC (AUC) curve of the training set was 0.764 (95% confidence interval (CI): 0.758–0.769), 
and the AUC of the validation set was 0.761 (95% CI: 0.752–0.770). The DCA calibration curves of the training set and 
validation set indicate that the 1-year early mortality rate predicted by this model is consistent with the actual situation. 
We found that the 1-year early mortality rate was 76.4%. We constructed a validated nomogram using these covariates to 
effectively predict 1-year early mortality in patients with S-BM. This nomogram can help clinical workers screen high-risk 
patients to develop more reasonable treatment plans.
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on the identification of risk factors in S-BM and the predic-
tion of survival harboring these lesions.

The five-year survival rate is a clinical indicator used 
to reflect the severity and progression of a certain cancer 
and also commonly used to evaluate the treatment effect or 
certain risk factors for malignant tumors [7, 8]. However, 
the malignancy and progression rate of different tumors 
vary. This means that the evaluation indicators for differ-
ent malignant tumors are distinct. Previous studies have also 
used a three-month survival rate to evaluate the risk factors 
for malignant tumors and provide some clinical evidence 
for determining short-term treatment plans for BM [9]. 
Currently, little is known about the early mortality rate and 
related risk factors in patients with S-BM. Therefore, identi-
fying the risk factors for early death is of great significance 
for the prognosis evaluation and clinical treatment guidance 
of patients with S-BM.

This study focused on patients with S-BM of solid tumors 
in the SEER database to evaluate the incidence of overall 
survival rate and explore risk factors for 1-year early mor-
tality. In addition, we developed a nomogram that includes 
some prognostic factors for predicting 1-year early mortal-
ity in S-BM patients.

Materials and methods

Data and study population

We retrospectively analyzed the public data registered in the 
SEER database from 2000 to 2019, covering 17 registra-
tion centers in different regions of the USA. In our study, 
data from malignant solid tumor patients with S-BM were 
extracted from the SEER database (2010–2017). The vari-
ables included sex, age at diagnosis, race, marital status at 
diagnosis, primary site, histological type, tumor laterality, 
T-stage, N-stage, whether or not bone metastasis, whether or 
not liver metastasis, whether or not lung metastasis, surgery 
records, chemotherapy records and radiation records. The 
primary endpoint was all-cause mortality within 12 months.

All patients with S-BM of solid tumor were selected 
according to the International Classification of Diseases for 
Oncology, Third Edition (ICD-O-3) standard: head and neck 
cancer: C0-C14,C76; thyroid: C73,9; lung: C34; breast: 
C50; colorectal: C18-C21; liver: C22; kidney: C64.9, C65.9; 
ovary: C56; uterus: C54; prostate: C61.9; melanoma: 872, 
873, 874, 875, 876, 877, 878, 879; Other solid tumors. The 
exclusion criteria were as follows: (a) patients with missing 
or incomplete information about survival time, survival sta-
tus, or other important characteristics; (b) preinvasive carci-
noma and primary intracranial tumor; and (c) patients with 
a follow-up time less than 12 months.

Construction and evaluation of the nomogram

Pathological and clinical characteristics such as sex, age 
at diagnosis, race, marital status at diagnosis, primary site, 
histological type, tumor laterality, T-stage, N-stage, whether 
or not bone metastasis, whether or not liver metastasis, 
whether or not lung metastasis, surgery records, chemother-
apy records and radiation records were used for analysis. 
We randomly selected 70% of the patients included from 
2010 to 2017 as the training set and the remaining 30% as 
the validation set [10]. For the training set, we used uni-
variate and multivariate logistic regression analyses to 
determine independent risk factors and calculate odds ratio 
(OR), and 95% confidence intervals (CI). Then, we estab-
lished a nomogram for predicting the 1-year early mortality 
of S-BM using these identified independent risk factors.

We evaluated the discrimination of the nomogram by 
drawing the receiver operating characteristic (ROC) curve 
[11], drawing a calibration plot to evaluate the calibration 
of the nomogram, and drawing a decision curve analysis 
(DCA) curve [12] to evaluate the effectiveness of the nomo-
gram. The value of the area under the ROC curve (AUC) 
greater than 0.7 indicates a reasonable evaluation. The cali-
bration plot connects the value points of different groups 
with line segments to form a calibration line in turn and 
compares it with the standard line of y = x; the closer the 
calibration curve of the model to the standard line, the bet-
ter the calibration ability of the model. The nomogram was 
evaluated by measuring the above curves both internally 
(training set) and externally (validation set) [13].

Statistical analysis

All statistical analyses were conducted by the R software 
version 4.3.2 (Institute for Statistics and Mathematics, 
Vienna, Austria; www.r-project.org). Classified data are 
described using frequency and percentage (N, %), and con-
tinuous data are represented by the mean ± standard devia-
tion (MD ± SD). Early death, defined as death within 1 year 
after diagnosis, is the endpoint of interest in this study. A 
two-tailed P value less than 0.05 was considered statisti-
cally significant. We used the Kaplan-Meier (KM) method 
to draw survival curves.

Results

Patient characteristics

We primarily collected 52,665 S-BM of solid tumor patients 
from the SEER database from 2010 to 2017 (for longer fol-
low-up time), excluding patients with missing or incomplete 

1 3

  296   Page 2 of 11

http://www.r-project.org


Neurosurgical Review          (2024) 47:296 

important characteristics, leaving 47,572 patients. Then, the 
KM curve was used to evaluate the overall survival rate of 
patients, and it was found that the overall survival curve of 
patients rapidly decreased within 1 year, while the survival 

rate of patients showed a slow downward trend after 1 year 
(Fig.  1). Therefore, predicting the 1-year survival rate of 
patients with S-BM has explicit clinical significance for 
patient management. Then, patients with a follow-up time 
of less than 12 months were excluded. Finally, 47,284 
patients were included in the research (Fig. 2).

The patients were divided into the training (N = 33,098) 
and validation (N = 14,186) sets at a ratio of 7:3 using the 
R function “createDataPartition” to ensure that outcome 
events were distributed randomly between the two sets [11]. 
There was no statistically significant difference in baseline 
data between the training and validation sets. The demo-
graphics and tumor characteristics of the patients are sum-
marized in Table 1.

Identifying independent factors

We used univariate and multivariate logistic regression 
analyses to identify risk factors associated with early mor-
tality in patients with S-BM of the training set. The results 
of univariate and multivariate factor analyses are shown in 
Table 2.

In univariate analysis, all clinical and pathological fea-
tures including age, sex, marital status, race, primary tumor 
location, primary tumor side, T-stage, N-stage, whether 
or not bone metastasis, whether or not liver metastasis, 
whether or not lung metastasis, whether or not surgery, 
whether or not radiotherapy and whether or not chemother-
apy were associated with the likelihood of early death. The 
results of multivariate logistic regression analysis reveal 

Fig. 2  Flow diagram of the data selection process

 

Fig. 1  The overall survival curve of 47,572 S-BM patients from the SEER database (2010–2017). The red line is the deadline for one year
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Characteristic Overall
[cases (%)]

Training set
[cases (%)]

Validation set
[cases (%)]

P value

   Total 47,284 33,098(70.0) 14,186(30.0)
Age [mean (SD)] 65.3 (11.3) 65.3 (11.3) 65.4 (11.3) 0.940
  Sex 0.157
   Male 24,509(51.8) 17,085(51.6) 7424(52.3)
   Female 22,775(48.2) 16,013(48.4) 6762(47.7)
Race 0.542
   NHW 34,268(72.5) 23,974(72.4) 10,294(72.6)
   NHB 5346(11.3) 3753(11.3) 1593(11.2)
   NHAPI 3676(7.8) 2606(7.9) 1070(7.5)
   NHAI/AN 226(0.5) 152(0.5) 74(0.5)
   Others 3768(8.0) 2613(7.9) 1155(8.1)
Marital 0.529
   Married 23,739(50.2) 16,585(50.1) 7154(50.4)
   Others 23,545(49.8) 16,513(49.9) 7032(49.6)
Laterality 0.947
   Unilateral 41,250(87.2) 28,877(87.2) 12,373(87.2)
   Others 6034(12.8) 4221(12.8) 1813(12.8)
Site 0.587
   Head&Neck 147(0.3) 94(0.3) 53(0.4)
   Thyroid 114(0.2) 78(0.2) 36(0.3)
   Lung 39,393(83.3) 27,537(83.2) 11,856(83.6)
   Breast 18.5(3.8) 1293(3.9) 512(3.6)
   Colorectum 666(1.4) 471(1.4) 195(1.4)
   Liver 161(0.3) 111(0.3) 50(0.4)
   Kidney 1526(3.2) 1073(3.2) 453(3.2)
   Ovary 97(0.2) 74(0.2) 23(0.2)
   Uterus 182(0.4) 134(0.4) 48(0.3)
   Prostate 259(0.5) 187(0.6) 72(0.5)
   Melanoma 1096(2.3) 770(2.3) 326(2.3)
   Others 1838(3.9) 1276(3.9) 562(4.0)
T-stage 0.371
   T1 5552(11.7) 3908(11.8) 1644(11.6)
   T2 11,153(23.6) 7828(23.7) 3325(23.4)
   T3 9824(20.8) 6816(20.6) 3008(21.2)
   T4 12,980(27.5) 9140(27.6) 3840(27.1)
   Others 7775(16.4) 5406(16.3) 2369(16.7)
N-stage 0.194
   N0 11,448(24.2) 7964(24.1) 3484(24.6)
   N1 5641(11.9) 3998(12.1) 1643(11.6)
   N2 18,006(38.1) 12,537(37.9) 5469(38.6)
   N3 8193(17.3) 5786(17.5) 2407(17.0)
   Others 3996(8.5) 2813(8.5) 1183(8.3)
DX.bone 0.347
   No 30,988(65.5) 21,646(65.4) 9342(65.9)
   Yes 16,296(34.5) 11,452(34.6) 4844(34.1)
   DX.liver 0.787
   No 36,930(78.1) 25,862(78.1) 11,068(78.0)
   Yes 10,354(21.9) 7236(21.9) 3118(22.0)
DX.lung 0.150
   No 33,623(71.1) 23,470(70.9) 10,153(71.6)
   Yes 13,661(28.9) 9628(29.1) 4033(28.4)
Surgery 0.603
   No 44,569(94.3) 31,185(94.2) 13,384(94.3)
   Yes 2715(5.7) 1913(5.8) 802(5.7)

Table 1  Demographics and tumor characteristics of the patients with S-BM of solid tumors
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based on the independent risk factors screened by the multi-
variate logistic regression in the training set. Each indicator 
has a specific value. By projecting the values onto the points 
scale in the first row, the corresponding scores for each indi-
cator can be obtained. The total score is obtained by adding 
up the scores of all indicators. By calculating the sum of the 
scores assigned to each variable, the sum can correspond to 
the probability of early death.

In the training and validation sets, the AUC values for 
predicting S-BM in patients with solid tumors were 0.764 
(95% CI: 0.758–0.769) and 0.761 (95% CI: 0.752–0.770), 
respectively, indicating that the nomogram has exact dis-
criminative ability (Fig. 4a and b). The calibration curve of 
the nomogram shows that the predicted and observed early 
mortality rates are highly consistent (Fig. 5a and b). In addi-
tion, DCA analysis indicates that the model has excellent 
clinical application value (Fig. 6a and b).

Discussion

Brain metastases are the most common cause of malignant 
brain tumors in adults.

Of the nearly 1.5  million patients in the USA who 
received a primary diagnosis of cancer in 2007, approxi-
mately 70 000 of these primary diagnoses are estimated to 
eventually relapse in the brain [14, 15]. Patients with solid 
tumors present with either synchronous, latent, or metachro-
nous brain metastases that exhibit different manifestations 
[16]. For the large and retrospective cohorts, undertaken in 
17 registries in the USA, we found a 12-month early mortal-
ity rate of 76.4% in patients with S-BM. To our knowledge, 
this study represents the largest cohort of patients with a 
total of 47,284 patients, and it is the first study to use the 
SEER database to evaluate risk factors associated with early 
death in the entire population of patients with S-BM.

Most studies focus on the long-term survival of patients 
with brain metastases [17, 18], and there is a lack of research 

that age (for each year of increase, OR = 1.029, 95% CI: 
1.026–1.032, P < 0.001), other marital status (vs. married, 
OR = 1.272, 95% CI: 1.200-1.348, P < 0.001), primary 
tumor in the uterus (vs. head&neck, OR = 2.328, 95% CI: 
1.082–4.914, P = 0.028), T-2 (vs. T-1, OR = 1.420, 95% CI: 
1.292–1.560, P < 0.001), T-3 (vs. T-1, OR = 1.656, 95% CI: 
1.499–1.829, P < 0.001), T-4 (vs. T-1, OR = 1.758, 95% CI: 
1.596–1.937, P < 0.001), T Other (vs. T-1, OR = 1.543, 95% 
CI: 1.376–1.731, P < 0.001), N-1 (vs. N-0, OR = 1.272, 95% 
CI: 1.153–1.403, P < 0.001), N-2 (vs. N-0, OR = 1.542, 95% 
CI: 1.428–1.665, P < 0.001), N-3 (vs. N-0, OR = 1.654, 95% 
CI: 1.509–1.814, P < 0.001), N Other (vs. T-1, OR = 1.250, 
95% CI: 1.104–1.415, P < 0.001), patients with synchro-
nous bone metastasis (vs. none, OR = 1.229, 95% CI: 
1.153–1.310, P < 0.001), synchronous liver metastasis (vs. 
none, OR = 2.008, 95% CI: 1.854–2.177, P < 0.001) and 
synchronous lung metastasis (vs. none, OR = 1.101, 95% 
CI: 1.027–1.181, P = 0.007) are all associated with a higher 
risk of early mortality. Contrary to above, the results includ-
ing female (vs. male, OR = 0.691, 95% CI: 0.651–0.733, 
P < 0.001), API race (vs. NHW, OR = 0.441, 95% CI: 
0.401–0.486, P < 0.001), other race (vs. NHW, OR = 0.775, 
95% CI: 0.699–0.859, P < 0.001), primary tumor located in 
the prostate (vs. head&neck, OR = 0.079, 95% CI: 0.040–
0.151, P < 0.001), primary tumor located in the breast (vs. 
head&neck, OR = 0.305, 95% CI: 0.163–0.544, P < 0.001), 
the primary tumor was melanoma (vs. head&neck, 
OR = 0.368, 95% CI: 0.195–0.661, P < 0.001), surgery (vs. 
none, OR = 0.365, 95% CI: 0.324–0.410, P < 0.001), radia-
tion therapy (vs. none, OR = 0.695, 95% CI: 0.647–0.747, 
p < 0.001) and chemotherapy (vs. none, OR = 0.215, 95% 
CI: 0.201–0.231, P < 0.001) are associated with a lower risk 
of early mortality.

Nomogram construction and validation

We successfully constructed a nomogram (Fig. 3) to predict 
the probability of 1-year early mortality of S-BM patients 

Characteristic Overall
[cases (%)]

Training set
[cases (%)]

Validation set
[cases (%)]

P value

Radiation 0.960
   No 14,883(31.5) 10,415(31.5) 4468(31.5)
   Yes 32,401(68.5) 22,683(68.5) 9718(68.5)
Chemotherapy 0.315
   No 22,957(48.6) 16,019(48.4) 6938(48.9)
   Yes 24,327(51.4) 17,079(51.6) 7248(51.1)
EarlyDeath 0.655
   No 11,178(23.6) 7805(23.6) 3373(23.8)
   Yes 36,106(76.4) 25,293(76.4) 10,813(76.2)
NHW: Non-Hispanic White; NMB: Non-Hispanic Black; NHAPI: Non-Hispanic Asian or Pacific Islander; NHAI/AN: Non-Hispanic Ameri-
can Indian/Alaskan Native

Table 1  (continued) 
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diagnosis typically. In their study, death that occurred 
within 3 months was chosen as early death [9]. However, 
in our view, their setting lacks scientific validity. Cagney 
et al. studied 26,430 patients diagnosed with invasive solid 
malignant tumors originating outside of the central nervous 

exploring the early mortality of these patients. Shen et al. 
investigated the risk factors for early mortality in patients 
with synchronous brain metastases from lung cancer. They 
found that the definition of early death varies from study 
to study and could be defined as 30 days to 3 months after 

Table 2  The results of univariate and multivariate factor analysis of the training set
Univariate analysis Multivariate analysis

Characteristic Group OR (95%CI) P value OR (95%CI) P value
Age continuous 1.041(1.039–1.044) <0.001 1.029(1.026–1.032) <0.001
Sex Male Reference Reference

Female 0.672(0.639–0.708) <0.001 0.691(0.651–0.733) <0.001
Marital Married Reference Reference

Others 1.425(1.354–1.499) <0.001 1.272(1.200-1.348) <0.001
Race NHW Reference Reference

NHB 0.993(0.915–1.080) 0.875 0.948(0.862–1.041) 0.259
API 0.480(0.441–0.523) <0.001 0.441(0.401–0.486) <0.001
AI/AN 0.903(0.628–1.332) 0.595 0.806(0.538–1.234) 0.309
Others 0.719(0.657–0.788) <0.001 0.775(0.699–0.859) <0.001

Site Head&Neck Reference Reference
Thyroid 0.373(0.183–0.742) 0.006 0.509(0.229–1.107) 0.091
Lung 0.764(0.437–1.260) 0.316 0.739(0.400-1.297) 0.311
Breast 0.279(0.158–0.466) <0.001 0.305(0.163–0.544) <0.001
Colorectum 0.676(0.373–1.164) 0.174 0.745(0.388–1.374) 0.361
Liver 1.664(0.765–3.697) 0.201 1.515(0.654–3.569) 0.335
Kidney 0.66(0.372–1.109) 0.134 0.958(0.510–1.718) 0.890
Ovary 0.49(0.235–1.001) 0.051 0.763(0.331–1.741) 0.523
Uterus 0.875(0.439–1.704) 0.698 2.328(1.082–4.914) 0.028
Prostate 0.238(0.127–0.424) <0.001 0.079(0.040–0.151) <0.001
Melanoma 0.470(0.264–0.793) 0.007 0.368(0.195–0.661) 0.001
Others 0.994(0.559–1.671) 0.981 1.540(0.821–2.756) 0.16

Laterality Unilateral Reference Reference
Others 1.209(1.118–1.310) <0.001 0.997(0.878–1.134) 0.969

T-stage T1 Reference Reference
T2 1.351(1.242–1.470) <0.001 1.420(1.292–1.560) <0.001
T3 1.638(1.500-1.789) <0.001 1.656(1.499–1.829) <0.001
T4 1.768(1.625–1.923) <0.001 1.758(1.596–1.937) <0.001
Others 1.812(1.649–1.991) <0.001 1.543(1.376–1.731) <0.001

N-stage N0 Reference Reference
N1 1.035(0.951–1.127) 0.428 1.272(1.153–1.403) <0.001
N2 1.429(1.339–1.525) <0.001 1.542(1.428–1.665) <0.001
N3 1.38(1.275–1.494) <0.001 1.654(1.509–1.814) <0.001
Others 1.519(1.370–1.687) <0.001 1.250(1.104–1.415) <0.001

DX.bone No Reference Reference
Yes 1.179(1.117–1.245) <0.001 1.229(1.153–1.310) <0.001

DX.liver No Reference Reference
Yes 2.013(1.877–2.161) <0.001 2.008(1.854–2.177) <0.001

DX.lung No Reference Reference
Yes 1.225(1.157–1.297) <0.001 1.101(1.027–1.181) 0.007

Surgery No Reference Reference
Yes 0.298(0.271–0.327) <0.001 0.365(0.324–0.410) <0.001

Radiation No Reference Reference
Yes 0.424(0.398–0.451) <0.001 0.695(0.647–0.747) <0.001

Chemotherapy No Reference Reference
Yes 0.202(0.190–0.214) <0.001 0.215(0.201–0.231) <0.001
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was used to identify risk factors and construct a nomogram 
for early mortality [23]. Similarly, our study also employed 
logistic regression for risk factor analysis and constructed a 
nomogram for predicting the 1-year early mortality of syn-
chronous brain metastases, which can be helpful for clinical 
practitioners in patient management. The Cox proportional 
risk model focuses on the survival time of patients, but 
when analyzing highly heterogeneous tumors such as brain 
metastases, there may be significant biases, which would 
lead to inaccurate predictions and other issues. Therefore, 
we adopted logistic regression analysis to identify the fac-
tors associated with early 1-year mortality, and that makes 
our analysis results more accurate and practical.

At present, the treatment of brain metastases usually 
includes a combination of surgery, radiation therapy, and/or 
systemic drug therapy, with the overall goal of selecting the 
best treatment plan for individual patients to maximize their 
quality of life and overall survival [24]. The SEER database 
does not provide information related to hormone therapy, 
targeted therapy, and immunotherapy for patients, which is 
an inherent limitation of the SEER database. However, the 
SEER database provides an overview of whether patients 
undergo surgery, radiation therapy, and chemotherapy after 

system (CNS). Patients with prostate cancer (median sur-
vival 12.0 months) displayed the longest survival while that 
of pancreatic cancer patients (median survival period of 2 
months) was the shortest. The median survival time for the 
most patients was between 4 and 10 months [19]. There-
fore, setting early death as three months is not reasonable 
enough. Our K-M curve based on the population of brain 
tumor patients suggests that the overall survival curve of 
patients rapidly decreases near 1 year and tends to flatten 
after 1 year. Thus, setting early death at 12 months is more 
reasonable for patients with brain metastases, which is also 
convenient for comparison with other similar studies [20, 
21].

The study of early death has been applied to advanced 
cancers in other systems and has shown important clini-
cal significance. Kouka et al. found that patients who were 
male, were older, had a larger tumor diameter, had distant 
metastasis, and had oral, oropharyngeal, and hypopharyn-
geal tumors had a significantly higher 180-day mortality 
rate [22]. Li et al. analyzed data from 1140 patients in the 
SEER database to evaluate the overall survival and early 
mortality rates of patients with pheochromocytoma and 
paraganglioma. Simultaneously, logistic regression analysis 

Fig. 3  The nomogram for predicting the probability of early death in patients with S-BM in the SEER-17 database from 2010 to 2017
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ability and clinical applicability. Meanwhile internal valida-
tion of the nomogram showed good agreement between the 
predicted early deaths and the actual deaths. DCA curves 
showed that our nomogram has good clinical value and 
practicability in predicting the survival rate.

Apart from the limitations mentioned in the above chap-
ters, this study has certain limitations. Due to the lack of 
data on recurrence, different treatment methods, and hor-
mone status in the SEER database, we were unable to con-
duct research and calculate progression-free survival. In 
addition, the SEER database does not provide information 

their initial diagnosis, and that had been confirmed in the 
research of Shen. Nevertheless, Shen et al. overlooked the 
impact of surgery, radiotherapy, and chemotherapy on prog-
nosis and did not provide a reasonable explanation when 
conducting risk factor analysis and establishing predictive 
models. We have fully considered the impact of treatment 
on the prognosis of S-BM and establish a nomogram for 
predicting early death, which can better assist clinical man-
agement decisions and generate high clinical value. That 
provides a widely recognized method by researchers [25, 
26]. The nomogram of our research showed good predictive 

Fig. 4  ROC curves for the nomo-
gram. (a) The ROC curve for the 
overall early death nomogram 
in the training set; (b) The ROC 
curve for the overall early death 
nomogram in the validation set
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Conclusion

We used the SEER database to evaluate the risk factors for 
1-year early mortality in patients with S-BM, and found that 
the 1-year early mortality rate was 76.4%. Our data show a 
total of 13 covariates associated with 1-year early mortality. 
We constructed a validated nomogram using these covari-
ates to effectively predict 1-year early mortality in patients 
with S-BM. This nomogram can help clinical workers 

on medical complications that are important for evaluating 
quality of life, mental health, and disease burden. Addition-
ally, our preliminary results and predictive model should be 
externally validated.

Fig. 5  Calibration plots for the 
nomogram. (a) Calibration 
plot for the overall early death 
nomogram in the training set; 
(b) Calibration plot curve for the 
overall early death nomogram in 
the validation set
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