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Objective: To investigate the epidemiological data, prognostic factors, and treatment outcomes of bone angiosarcoma (BA).

Methods: This retrospective study was based on the Surveillance, Epidemiology, and End Results (SEER) database. The
medical records of BA patients were selected from the SEER database from 1975 to 2016. Variables including patients’
baseline demographics (age, sex, marital status, and year of diagnosis), tumor characteristics (tumor size, grade, and SEER
Historic Stage A), and treatment (surgery and radiotherapy) were selected for further analysis. The research endpoints were
overall survival (OS) and cancer-specific survival (CSS). The optimal cutoff values of continuous variables including age, year
of diagnosis, and tumor size were identified using the X-tail program. Univariate Cox regression was used to identify potential
prognostic factors and multivariate Cox regression was used to identify independent prognostic factors. All prognostic factors
were included to predict the survival time compared to the median OS and CSS times via the novel nomograms. To validate
the internal validation of nomograms, we analyzed the concordance indices (C-index).

Results: This study enrolled a total of 271 patients with malignant vascular bone tumors among residents of the United
States between 1975 and 2016. After applying the exclusion criteria (one case without active follow-up), this study included
152 patients with BA. The median survival time of BA was significantly shorter than that of malignant vascular bone tumors
for OS (9 months vs 27 months, P < 0.001). Age, year of diagnosis, tumor size, grade, stage, and surgery were identified as
potential prognostic factors for OS or CSS in univariate Cox regression. However, only age (P < 0.001, P < 0.001), stage
(P = 0.002, P < 0.001), and surgery (P = 0.001, P = 0.002) were independent prognostic factors for CSS and OS, respec-
tively, in the multivariate analysis. Younger patients less than 54 years have significantly better prognosis for CSS/OS than
patients between 54 and 67 years (Hazard ratios [HRs]: 1.651 [1.763–3.575], 2.557 [1.395–4.687]) and more than
67 years (HRs: 4.404 [2.237–8.670], 5.113 [2.923–8.942]). For CSS/OS, the survival time of patients with localized stage
was significantly longer than that of patients with regional stage (HRs: 1.530 [0.725–3.228], 1.548 [0.834–2.873]) and that
of patients with distant stage (HRs: 1.706 [0.899–3.237], 2.101 [1.254–3.520]). Patients with surgery had more survival
time than patients without surgery for CSS/OS (HRs: 2.861 [1.542–5.310], 2.103 [1.308–3.379]). All factors were further
included to generate nomograms for CSS and OS. The C-indexes for the internal validation of OS and CSS prediction were
0.787 (95% confidence interval [CI]: 0.738–0.836) and 0.768 (95% CI: 0.717–0.819), respectively.

Conclusions: Age, stage, and surgery were closely associated with prognosis in patients with BA, and this clinical
model was a favorable tool to evaluate survival possibilities.
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Introduction

Angiosarcoma is a rare tumor of endothelial origin with
an annual incidence of two to three cases in 1000,000

annually, accounting for less than 1% of sarcomas1–3.
Angiosarcoma commonly arises in soft tissue, viscera, and
skin rather than bone2. Compared to hemangioma as a
benign tumor, epithelioid hemangioendothelioma as a low-
grade malignant tumor, and hemangioendothelioma as the
intermediate condition, angiosarcoma is a high-grade malig-
nancy4. Angiosarcoma patients have a poor prognosis, with a
reported 5-year survival rate of approximately 31%5; the sur-
vival of angiosarcoma occurring in the bone is significantly
poorer than that of general angiosarcoma, with a 20% 5-year
survival rate and approximately 10-month survival time6, 7.
Until now, studies of bone angiosarcoma (BA) have generally
been case reports or single-intuitive studies1, 8–10. Because of
its low incidence, few researchers have investigated the epi-
demiology, prognosis, and treatment outcomes of BA.

BA may present as a unifocal or multifocal disease11, 12.
In most patients, BA occurs in the long bones and short
tubular bones, followed by the pelvis, ribs, and vertebrae12.
This tumor can present with widely variable clinical signs
and symptoms, with pain as the most commonly presented
symptom. Unlike cutaneous and soft-tissue angiosarcoma,
the typical presentation of BA is indolent swelling; however,
in general, the physical examination contributes little to BA
diagnosis13. Its radiographic appearance is nonspecific and
can mimic that of benign neoplasms; therefore, these find-
ings are not usually sufficient to suggest a specific histologic
diagnosis11. Pathologically, BA usually presents as red,
bloody lesions with irregular margins. Microscopically, the
vital feature of this tumor is its vasoformative appearance.
Histologically, BA comprises anastomosing vascular chan-
nels lined by atypical endothelial cells with enlarged nuclei,
prominent nucleoli, and increased mitoses7, 11. In addition,
inflammatory cells, mostly eosinophils, may be emergent11.
Therefore, careful evaluation of the clinical, radiographic,
and pathologic features is necessary to diagnose BA. The
management of patients with BA depends on prognostic
factors including epidemiologic characteristics, tumor char-
acteristics, and treatment modalities14–19. Although any age
in the general population may be affected, the incidence of
BA is highest between 50 and 70 years of age12 and age is
considered an independent risk factor for survival in cases
appearing in the spine20. Race and sex discrepancies have
been observed for most cancers; however, previous studies
on these factors mainly focused on vascular bone tumors
rather than BA6, 20, 21. Similarly, tumor characteristics
including location, grade, and stage have been considered
as potential prognostic factors; however, few studies have
reported these factors in BA3, 22. Among treatment modali-
ties, the basic options are amputation, limb salvage, radical
local resection, and radiation therapy. Although radiother-
apy and surgery are often used as routine treatments, their
efficacy in patients has not been well-identified and is
debatable. A previous study on primary BA focused on

treatment, reporting that complete surgical resection was
essential for a positive outcome7. However, this study was
performed in two institutions and only included
60 patients from 1980 to 2009.

Considering the low incidence and poor prognosis,
studies of BA including large study populations are par-
ticularly urgent and meaningful. Fortunately, the Sur-
veillance, Epidemiology, and End Results (SEER)
database is an integrated database providing complete
information for the study of rare cancers; otherwise,
studies would be limited by small numbers of cases.
This publicly available database supported by the
National Cancer Institute covers nearly 28% of the pop-
ulation of the United States. From this high-quality
database, researchers worldwide can extract epidemio-
logic characteristics, tumor features, treatment, and cau-
ses of death with active follow-up.

Furthermore, as a graphical expression of a mathemati-
cal model, a nomogram is a scientific quantification technol-
ogy used to predict the prognosis of a specific population
and develop personalized treatment plans. Nomograms are
an important tool that has been widely used to improve the
accuracy of predicting survival in the study of tumors.
Unfortunately, elaborate nomograms have not been previ-
ously reported for predicting survival in patients with
BA. Recently, novel nomograms as clinical models are attrac-
tive as they combine clinical information with various fea-
tures to forecast a specific outcome such as death or
recurrence in clinical practice. Thus, one of the aims of our
study was to use this novel clinical model to forecast the sur-
vival and clinical information of BA to provide intuitive rec-
ognition for clinicians.

Patients diagnosed with BA with epidemiologic charac-
teristics, tumor characteristics, and treatment modalities were
selected from the SEER database. According to these poten-
tial prognostic factors, this retrospective study investigated
the individual survival time for overall survival (OS) and
cancer-specific survival (CSS), and the median survival time
in each subgroup. Based on the above data, we can analyze
the effects of these factors on survival time of BA patients
for CSS/OS. Therefore, the aim of this study was to use the
SEER database to: (i) clearly describe the epidemiological
and clinical data; (ii) identify independent prognostic factors;
and (iii) construct and validate a novel clinical model to pre-
dict the survival probability.

Methods

Data Source
All cases were obtained from the National Cancer Institute’s
SEER program (https://seer.cancer.gov), which includes
18 population-based cancer registries. In the SEER database,
all available data were retrospective, so no Institutional
Review Board approval was necessary. The study progress is
shown in Fig. 1.
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Patient Selection
From SEER, a total of 271 patients with malignant vascular
bone tumors (9120–9160) were enrolled from 1973 to 2016.
According to specific criteria23, of them, patients who satis-
fied the following inclusion criteria were included in the pre-
sent retrospective study: (i) patients diagnosed with BA
(C400–C410 and 9120/3)15; (ii) patients with treatment
records including surgery and radiation; (iii) patients with
various characteristics, including sex, age, marital status, year
of diagnosis, tumor size, primary site, grade, and stage; (iv)
patients with survival time for CSS/OS; (v) patients with
active follow-up. We excluded patients who were missing
(i) follow-up data, (ii) COD, or (iii) baseline information. In
total, 152 patients diagnosed with BA were selected from the
database.

Outcome Measures
In this study, the survival time was calculated from date of
diagnosis to date of death. The causes of death were encoded
by specific codes from the SEER database, including cancer-
specific death and other causes of death.

Cancer-specific Survival
CSS was defined as the cancer-specific survival time calcu-
lated according to death owing to specific cancer during
follow-up, which is used to evaluate the impact of this cancer
on survival.

Overall Survival
OS was defined as the overall survival time calculated
according to death due to any cause (including cancer and
other causes) during follow-up, which is used to evaluate the
impact of all causes on survival.

If a patient died of BA, CSS and OS would both be
obtained, and the value of CSS was the same as that of OS;
however, if the patient died of other causes, OS but not CSS

would be obtained, and the patients would be excluded from
the survival analysis of CSS.

Statistical Analysis
Continuous variables (age, year of diagnosis, and tumor size)
were stratified using the X-tile program24 (version 3.6.1, Yale
University, Connecticut, USA) to identify their optimal cut-
off values according to the minimum P values from log-rank,
chi-square statistics.

Data on sex, age, marital status, year of diagnosis,
tumor size, primary site, grade, stage, radiotherapy, and sur-
gery were included in the univariate log-rank analyses for OS
and CSS, respectively. Statistically significant factors and
radiotherapy were incorporated in the multivariate Cox pro-
portional hazards model for OS and CSS, respectively. Haz-
ard ratios (HRs) of variables with 95% confidence intervals
(CIs) were shown for OS and CSS. The Kaplan–Meier
(K–M) method was used to analyze survival duration. Log-
rank tests were used to distinguish the differences between
survival curves. These statistical analyses were performed
using IBM SPSS Statistics for Windows, version 22.0 (IBM
Corp., Armonk, NY, USA). Two-sided P values <0.05 were
considered statistically significant.

Construction and Validation of Nomograms
All factors were included in the nomograms to analyze the
survival for OS/CSS by Cox proportional hazards regression.
We then generated nomograms in R software (version 3.3.0)
and calculated Heagerty’s concordance index (C-index) to
test their accuracy. The C-index was positively associated
with the accuracy of prognostic prediction.

Results

Baseline Characteristics of the Study Population
A total of 271 patients with malignant vascular bone tumors
were identified from 1973 to 2016, of which 152 (56.1%) BA
patients with active follow-up and complete information
were included in this study. From the SEER database, we
found five types of malignant vascular bone tumors, includ-
ing angiosarcoma, hemangioendothelioma (46, 17.0%), epi-
thelioid hemangioendothelioma (50, 18.5%), Kaposi sarcoma
(3, 1.1%), and hemangiopericytoma (19, 7.0%).
Angiosarcoma was the most common tumor among malig-
nant vascular bone tumors (Fig. 2A) and the CSS/OS times
for BA were significantly shorter than those of malignant
vascular bone tumors (18 months vs 199 months, P < 0.001;
9 months vs 27 months, P < 0.001) (Fig. 2B,C). The baseline
patient characteristics included sex, age, marital status, year
of diagnosis, tumor size, primary site, grade, stage, radiother-
apy, and surgery. In our study, females (104, 68.4%), married
population (97, 63.8%), and patients diagnosed from 2000 to
2016 (107, 70.4%) comprised most patients. Also, most BA
was observed in limbs (83, 54.6%), and the mean size of
tumor was 72.2 ± 48.6 mm. Of BA patients, the most

Patients diagnosed with malignant vascular bone tumors
(N=271)

Patients diagnosed with bone angiosarcoma
(N=153)

Patients diagnosed with bone angiosarcoma
with complete information (N=152)

Univariate survival analysis Construction of clinical models

Internal validationMultivariate survival analysis

Other historic types
(N=118)

Missing follow-up
(N=1)

Fig. 1 Flow chart of the study process.
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patients were found in grade III/IV (28, 18.4%; 28, 18.4%)
and in the distant stage (60, 39.5%).

Optimal Cutoff Values and Univariate Survival Analysis
for Continuous Variables Calculated Using X-tile
Continuous variables including age at diagnosis, year of diag-
nosis, and tumor size were stratified using the X-tile program
(Fig. 3). Then, according to the optimal cutoff value, an
accurate and vital survival analysis was carried out by sub-
groups for OS/CSS.

The optimal cutoff values for age at diagnosis in the
present study were 54 and 67 years (Fig. 3A,B). The K–M
survival analysis revealed that greater age was associated with
worse CSS/OS, with patients more than 67 years having sig-
nificantly worse prognosis than patients between 54 and
67 years of age (8 months vs 56 months, P < 0.001; 3 months
vs 7 months, P < 0.001) and patients under 54 years having
better prognosis than patients aged 54–67 years (P < 0.001;
56 months vs. 8 months, P < 0.001) (Fig. 3C,D). Our results
suggested that age is a potential prognostic factor signifi-
cantly affecting the prognosis of patients with BA. The opti-
mal cutoff value of the year of diagnosis was 1996 (Fig. 3E,
F). K–M analysis showed a significant difference between the
two subsets for OS (P = 0.024) (Fig. 3H) but not for CSS
(P = 0.357) (Fig. 3G), indicating that year of diagnosis might
be a prognostic factor for OS but not CSS. The optimal cut-
off value for tumor size was 56 mm (Fig. 3I,J) and K–M
analysis showed a significant difference between the two sub-
sets for CSS/OS (P = 0.008 and P = 0.049, respectively)
(Fig. 3K,L). Based on the results of our analysis, we included
these variables as potential factors in the subsequent multi-
variate analysis.

Univariate Survival Analysis of Categorical Variables
Univariate survival analysis of CSS/OS revealed grade, stage,
and surgery as prognostic factors to include in multivariate
survival analysis (Table 1). As shown in Fig. 4A,B, K–M sur-
vival analysis showed significantly worse prognosis (CSS/OS)
in patients with regional stage than that in patients with

localized disease, while patients with regional disease had a
better prognosis than patients with distant-stage disease
(P = 0.001, P < 0.001). As shown in Fig. 4C,D, surgical treat-
ment was an important prognostic factor for CSS/OS
(P = 0.005, P = 0.004). Treatment modality was also signifi-
cantly associated with the prognosis of BA (CSS/OS)
(P = 0.001, P < 0.004) (Table 1 and Fig. 4E,F).

Independent Prognostic Factors for OS and CSS by
Multivariate Analysis
Univariate survival analysis for OS and CSS showed that age,
year of diagnosis, tumor size, grade, stage, and surgery were
associated with prognosis (Table 1). However, surprisingly,
radiotherapy was not associated with BA survival (Table 1).
Therefore, the multivariate analyses for OS and CSS included
all these potential factors. The results showed that age, stage,
and surgery were independent prognostic factors for OS and
CSS, while the year of diagnosis, tumor size, grade, and
radiotherapy were not (Table 2). Older patients have signifi-
cantly poorer prognosis than younger patients with the opti-
mal cutoff values of 54 and 67 years (P < 0.001, P < 0.001).
For CSS/OS, the median survival time of patients with
regional stage was significantly longer than that of patients
with distant stage, but was shorter than that of patients with
localized stage (28 months vs 6 months vs 41 months,
P = 0.002; 17 months vs 3 months vs 20 months, P < 0.001).
Patients with surgery had more survival time than patients
without surgery for CSS/OS (41 months vs 7 months,
P = 0.001; 16 months vs 2 months, P = 0.002).

Construction of Nomograms for CSS and OS

A nomogram was constructed to predict the rate of OS
and CSS survival (Fig. 5). According to the nomogram,

an individual patient can be located on each variable axis
(red point in Fig. 5) and a line can be drawn upward to find
the value of points for each variable. The sum of all variable
values is located on the total points axis for CSS and OS, and
a line drawn downward to the survival axes can be used to
determine the probability that the BA patients’ survival is

A B C

Fig. 2 The frequency distribution of malignant vascular bone tumors (A). The survival comparison between bone angiosarcoma patients and

malignant vascular bone tumors patients by Kaplan–Meier analysis for overall survival and disease-specific survival, respectively (B, C).
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less than the median survival time (18 months for CSS,
9 months for OS). In addition, in Fig. 5, the length of the
green lines indicates the number of patients. In the internal
validation set, the C-indexes for CSS and OS prediction were
0.787 (95%CI: 0.738–0.836) and 0.768 (95%CI: 0.717–0.819),
respectively.

For example, we selected a 46-year-old unmarried male
patient with regional BA of the limbs, with a tumor size of
94 mm, who received no therapy. His total points for CSS
were 524 and the probability of a survival time less than the
median survival time (18 months) was 0.631. His total points
for OS were 494, corresponding to a probability of survival
time less than the median survival time (9 months) of 0.432.

Discussion

Epidemiology and OS of BA
It is important to understand the epidemiology and prognosis
of BA. In this context, we obtained the baseline characteristics
and treatment modalities of 152 patients with active follow-up
from among 271 patients with malignant vascular bone tumors.
Because of the low incidence of BA, we were not able to obtain
the incidence trend but did observe that BA was the most com-
mon malignant vascular bone tumor from 1975 to 2016. This
finding supported the theory of a significantly larger proportion

of BA among malignant vascular bone tumors compared to
those of other historic types6, 21.

BA is a high-grade malignant tumor (Enneking Stage II,
mostly B as extracompartmental), different from hemangioma
and hemangioendothelioma4. Hemangiomas are nearly benign
tumors and most are asymptomatic. Hemangioendothelioma is
an intermediate condition (Enneking Stage III benign aggressive,
extracompartmental)4. Because of the histological differences, the
prognosis of BA also intuitively differs from those of other types
of malignant vascular bone tumors, including epithelioid
hemangioendothelioma, Kaposi sarcoma, and hem-
angiopericytoma4, 25. However, this speculation requires support
from data from large-scale databases. Although some studies
have examined the epidemiology and prognostic factors, few
have indirectly compared survival between BA and malignant
vascular bone tumors in a study6, 20, 21. Regarding BA survival
time, in a two-institution study of 60 patients, researchers
observed 5-year OS rates of 20% and 0% for metastatic patients
and a median survival time of only 0.9 years7. Alberto et al. also
reported extremely poor survival of BA patients, with a median
survival time of 10 months from diagnosis6. In this study, despite
the histology of malignant vascular bone tumors, we observed
that the prognosis of malignant BA was significantly poorer than
that of malignant vascular tumors. The median OS of BA was
only 9 months.

A B C D

E F G H

I J
K L

Fig. 3 X-tile analysis and Kaplan–Meier analysis of survival for CSS/OS reveals a continuous distribution and survival based on age (A–D), year of

diagnosis (E, F) and tumor size (I–L). Abbreviations: CSS, cancer-specific survival; OS, overall survival.
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In summary, BA is a high-grade malignant form and
the highest incidence type among malignant vascular tumors;
thus, bone oncologists must research its prognostic factors
by survival analysis and predict the survival possibility of
individual patients using valid nomograms. To our knowl-
edge, this is the first study based on a large population to
study the prognosis and treatment outcome and to create a
clinical model.

Epidemiological Analysis and Identification of
Prognostic Factors
BA grade information was indirectly obtained from the SEER
database and included grade I (well-differentiated), grade II
(moderately differentiated), grade III (poorly differentiated),
and grade IV (undifferentiated). Generally speaking, grades
I/II are considered low-grade, while grades III/IV are consid-
ered high-grade15, 20, 26. In our study, we observed

TABLE 1 Univariate analysis and survival time of variables for prognostic factors of bone angiosarcoma patients (diagnosed 1975–2016)

Subject Characteristics

Survival of CSS Survival of OS

Median

95% CI

P value Median

95% CI

P valueLower Upper Lower Upper

Age, years <0.001* <0.001*
≤54 UD UD UD 31 1.748 60.252
54–67 56 0.000 120.492 7 5.018 8.982
>67 8 3.664 12.336 3 1.077 4.923

Sex 0.152 0.097
Female 11 0.259 21.741 7 4.712 9.288
Male 28 0.000 67.058 16 6.223 25.777

Year of diagnosis 0.357 0.024*
1973–1996 41 0.000 84.700 18 0.000 38.144
1997–2016 14 5.149 22.851 7 4.764 9.236

Marital status 0.708 0.629
Married 17 4.748 29.252 7 3.364 10.636
Unmarried 26 0.000 56.272 10 6.035 13.965
Unknown NA NA NA NA NA NA

Tumor sites 0.533 0.517
Limbs 18 7.921 28.079 10 6.676 13.324
Head and body 11 0.000 28.099 6 3.335 8.665
Unknown NA NA NA

Tumor size, mm 0.008* 0.049*
≤56 UD UD UD 27 12.131 41.869
>56 9 5.746 12.254 8 5.596 10.404
Unknown NA NA NA 6 3.907 8.093

Grade 0.009* 0.028*
IV 11 3.577 18.423 7 4.518 9.482
III 9 4.240 13.760 7 5.417 8.583
I + II + Unknown 52 UD UD 11 3.987 18.013

Stage 0.001* <0.001
Localized 41 7.205 74.795 20 7.248 32.752
Regional 28 UD UD 17 0.000 39.311
Distant 6 1.735 10.265 3 1.507 4.493
Unknown NA NA NA NA NA NA

Radiation 0.777 0.672
Yes 17 6.217 27.783 7 3.530 10.470
No 18 0.264 35.736 9 5.530 12.470

Surgery 0.005* 0.004*
Yes 41 12.820 69.180 16 7.623 24.377
No 7 2.627 11.373 2 0.000 5.447
Unknown NA NA NA NA NA NA

Treatment modality 0.001* <0.001*
No therapy 2 0.000 7.269 1 0.000 3.287
Radiation only 5 1.752 8.248 2 0.000 6.080
Surgery+Radiation 26 3.421 48.579 10 0.977 19.023
Surgery only 28 0.000 67.112 18 4.062 31.938
other NA NA NA NA NA NA

CSS, cancer-specific survival; NA, not avail; OS, overall survival; UD, undefined.; *P < 0.05.
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significantly fewer grade I/II cases than grade III/IV cases,
which also demonstrated that BA was a highly malignant
tumor. However, because of the very low incidence of low-

grade BA, survival could not be analyzed. Thus, we com-
bined grade I/II and unknown into a single grade I/II/
unknown group. In terms of survival analysis, tumors with

A B

C D

E F

Fig. 4 Kaplan–Meier analysis of CSS/OS among bone angiosarcoma patients were stratified by stage (A, B), surgery (C, D) and treatment modality

(E, F). Abbreviation: CSS, cancer-specific survival; OS, overall survival.
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high grades intuitively resulted in poor prognosis.
Researchers in two series reported that grade was closely
associated with prognosis, contrary to our results16, 20. In
our analysis, grade was a potential prognostic factor in the
univariate survival analysis but was not an independent
prognostic factor for CSS/OS in the multivariate survival
analysis. Considering that the SEER data are of high quality
and collected in a standard manner, we suspect that the large
number of unknown grades (47.4%) in the early decades
might explain the controversial results in our study, hinder-
ing the discovery of differences between the two groups in
the general population. Thus, with improved management of
this public database, scholars must select more cases with
known grades to analyze the effect of grade on survival.

The optimal cutoff value for the year of diagnosis and
tumor size was initially calculated using the X-tile program
according to the minimum P values from log-rank chi-
square statistics. Similar to grade, these factors were corrobo-
rated to be prognostic factors by univariate survival analysis;
however, the results of the multivariate logistic regression
showed that they were not independent prognostic factors.
Therefore, when analyzing the effects of prognostic factors
on BA, it is necessary to perform multivariate survival analy-
sis to consider the interference of confounding factors.

Most reported BA originated from limbs, consistent
with our results7. BA occurred in the limbs in 83 patients,
followed by the head and body in 13 and 34 patients, respec-
tively. To check if the primary site of BA could affect
CSS/OS, we performed univariate survival analysis. The sur-
vival of the primary site in limbs did not differ between the
head and body. In addition, based on previous studies, sex
and marital status were considered as important prognostic
factors for sarcomas or bone tumors18, 27; however, these fac-
tors were not significant in the present study and were
excluded from the multivariate survival analysis.

Age and stage are vital risk factors for patients with
bone malignant vascular tumors or angiosarcoma in other
sites3, 21, 22; therefore, age at diagnosis and stage were also
considered in assessing CSS/OS in the present study. As
expected, both age and stage were closely associated with BA
survival time for both CSS and OS in univariate and multi-
variate survival analyses. Younger patients had a more ideal
prognosis than older patients, with optimal cutoffs of
54 years and 67 years. In fact, for most solid tumors, the
incidence and mortality increase exponentially with age in
the multi-step carcinogenic model28. The following may
explain these findings. (i) With age, the immune system
gradually declines and the carcinogenic chance of risk factors

TABLE 2 Multivariable logistic regression for analyzing prognostic factors of bone angiosarcoma patients (diagnosed 1975–2016)

Subject characteristics

CSS OS

HR (95% CI) P value HR (95% CI) P value

Age, years <0.001* <0.001*
≤54 1 (reference) 1 (reference)
54–67 1.651 (0.763–3.575) 0.203 2.557 (1.395–4.687) 0.002
>67 4.404 (2.237–8.670) 0.000 5.113 (2.923–8.942) <0.001

Year of diagnosis
1973–1996 1 (reference) 1 (reference)
1997–2016 0.627 (0.321–1.228) 0.174 0.831 (0.489–1.411) 0.493

Grade 0.066 0.176
IV 1 (reference) 1 (reference)
III 0.785 (0.380–1.621) 0.513 1.083 (0.605–1.938) 0.788
I + II + Unknown 0.480 (0.250–0.922) 0.027 0.707 (0.420–1.191) 0.193

Tumor size, mm 0.520 0.362
≤56 1 (reference) 1 (reference)
>56 2.872 (1.145–7.204) 0.250 1.528 (0.800–2.919) 0.199
Unknown NA NA NA NA

Stage 0.002* <0.001*
Localized 1 (reference) 1 (reference)
Regional 1.530 (0.725–3.228) 0.265 1.548 (0.834–2.873) 0.167
Distant 1.706 (0.899–3.237) 0.102 2.101 (1.254–3.520) 0.005
Unknown NA NA NA NA

Radiation
Yes 1 (reference) 1 (reference)
No 1.083 (0.663–1.768) 0.750 1.089 (0.739–1.604) 0.666

Surgery 0.001* 0.005*
Yes 1 (reference) 1 (reference)
No 2.861 (1.542–5.310) 0.001 2.103 (1.308–3.379) 0.002
Unknown NA NA NA NA

CSS, cancer-specific survival; NA, not avail; OS, overall survival.; * P < 0.05.
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A

B

Fig. 5 Nomograms were used to predict survival of bone angiosarcoma patients for disease-specific survival (A) and overall survival (B). *P < 0.05,

**P < 0.01，***P < 0.001.
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gradually increases. (ii) The prevalence of some carcinogenic
factors increases with age; for example, viral infection is an
important susceptibility factor for the elderly, leading to T-
cell exhaustion that favors telomere attrition and immune
senescence29. In addition, with age, the cumulative effect of
tobacco smoking is also a vital carcinogenic factor in the
elderly30. (iii) Some genes and epigenetics might also change
with age. (iv) The levels of some micromolecules may be
abnormal due to age or the microenvironment; for example,
B-cell lymphoma 2 (BCL2) levels are likely to change with
age31. (v) Older patients are more likely to be associated with
delayed diagnosis, difficulties with surgery, and the presence
of comorbidities, which may result in poor prognosis. In
addition, the results of this study revealed that stage was
associated with BA prognosis (CSS/OS), with the regional
stage showing a worse prognosis than that of patients with
localized stage and regional stage showing a more satisfac-
tory prognosis than that for distant-stage disease. A previous
study with a median follow-up of 10 years reported a 5-year
OS of 33% in patients with localized disease and 0% for met-
astatic patients.

Surgery has been considered a routine and important
treatment that affects prognosis; however, the treatment
outcomes of radiotherapy remain controversial18, 19, 21.
Until now, the validity of surgery and radiotherapy lacked
evidence. This study explored the impact of surgery and
radiotherapy on BA patients. The OS and CSS in univari-
ate survival or multivariate analysis showed that surgery
had a positive effect on prognosis, whereas radiotherapy
was not an independent prognostic factor. Furthermore,
we also investigated the treatment outcomes of treatment
modality. The next results reinforced the conclusion that
surgery, but not radiotherapy, was a valid treatment. Our
data indicated that BA with surgery only or surgery com-
bined with radiotherapy showed better treatment out-
comes than those for radiotherapy alone or no therapy
and that the survival time of patients with radiotherapy
was slightly shorter than that of patients not receiving
radiotherapy. Our results support those of a previous
study based on a small sample20. Thus, we have adequate
reasons to recommend surgery rather than radiotherapy
for BA patients. Regrettably, we are not able to provide
more information about detailed surgery due to the limita-
tions of the SEER database.

Construction and Advantages of this Novel Clinical
Model
Based on multivariate Cox models, nomograms have gradu-
ally been applied to predict individual survival possibility
because they can integrate all prognostic-related factors and
comprehensively evaluate the cumulative effects of factors on
patients. The new nomogram in our study not only com-
pared individual survival times to the median survival time
but also revealed the population propensity in different sub-
groups and the distribution of prognosis, unlike traditional
nomograms. In our study, the median survival times for CSS
and OS were 18 and 9 months, respectively. We were able to
use a nomogram to calculate the probability of survival time
less than the median survival times. Furthermore, the high
C-indexes for CSS/OS showed an ideal validation of survival
prediction.

Limits
This study has several limitations. First, due to the limita-
tions of the SEER database, some patient information was
missing and some basic information was not included,
including smoking status, body mass index, and family his-
tory. Second, although the SEER database is a large data
resource, we only obtained data on 152 cases with active
follow-up. Third, several selection biases might exist in this
retrospective study due to the inherent flaws of this study
design. Fourth, this database does not include information
on derailed treatment and complications. Future studies on
BA should include more cases with competing information
on detailed surgery processes and related complications.

Conclusion
BA is a rare and high-grade malignant tumor occurring
mainly in older females and patients with generally distant
stages of cancer. Older age and distant stage were closely
associated with poor prognosis. Surgery is an ideal treatment
modality, while radiotherapy may not be effective. The novel
nomogram was a favorable clinical model to predict survival
possibility and may be beneficial in assisting oncologists to
make clinical decisions.
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