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Background. Epithelioid hemangioendothelioma (EHE) is an ultrarare vascular sarcoma. At present, the epidemiological and
clinical characteristics and prognostic factors are still unclear. Our study attempted to describe clinical features, investigate the
prognostic indicators, and establish the nomogram prediction model based on the Surveillance, Epidemiology, and End Results
(SEER) database for EHE patients. Methods. The patients diagnosed with EHE from 1986 to 2018 were collected from the
SEER database and were randomly divided into a training group and a validation group at a ratio of 7 : 3. The Cox
proportional hazard models were used to determine the independent factors affecting prognosis and establish a nomogram
prognostic model to predict the survival rates for patients with EHE. The accuracy and discriminative ability of the model were
measured using the concordance index, receiver operating characteristic curves, and calibration curves. The clinical
applicability and application value of the model were evaluated by decision curve analysis. Results. The overall age-adjusted
incidence of EHE was 0.31 patients per 1,000,000 individuals, with a statistically significant difference per year. Overall survival
at 1, 5, and 10 years for all patients was 76.5%, 57.4%, and 48.2%, respectively. Multivariate Cox regression analysis identified
age, tumour stage, degree of tissue differentiation, surgical treatment, chemotherapy, and radiotherapy as independent factors
affecting prognosis (P < 0:05). The C-index values for our nomogram model of training group and validation group were 0.752
and 0.753, respectively. The calibration curve was in good agreement with the actual observation results, suggesting that the
prediction model has good accuracy. The decision curve analysis indicated a relatively large net benefit. Conclusions. The
nomogram model may play an important role in predicting the survival rate for EHE patients, with good concordance and
accuracy, and can be applied in clinical practice.

1. Introduction

Epithelioid hemangioendothelioma (EHE) is an ultrarare
vascular sarcoma, usually behaving as a low-grade malig-
nancy despite a high propensity for systemic involvement
[1]. EHE was first named by Professors Weiss and Enzinger
in 1982 and was included as a malignant tumour in the 4th
edition of the World Health Organization (WHO) classifica-
tion of soft tissue tumours in 2013 [2, 3]. The degree of
uncertainty in selecting the most appropriate treatment of
EHE patients is high, treatment options vary, and the adop-
tion of new treatments is inconsistent across the world,

resulting in suboptimal outcomes for many patients. EHE
does not have specific symptoms and signs in clinical prac-
tice. The initial diagnosis can be incidental in completely
asymptomatic patients. The symptoms are pain (40%), a pal-
pable mass (6%-24%), and weight loss (9%). Although
reports on EHE have increased in recent years, they are lim-
ited to case reports and retrospective studies with small sam-
ple sizes. The epidemiological and clinical characteristics
and prognostic factors for EHE are still unclear.

The National Cancer Institute (NCI)–Surveillance, Epi-
demiology, and End Results (SEER) database (referred to
as the SEER database) is a commonly used public database
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that contains information on the incidence, mortality, and
prevalence of cancers in some states and counties in the
United States (approximately 35% of the U.S. population).
The data are from large medical institutions, individual
private clinics, laboratories, autopsy results, etc., and are reg-
ularly updated with retrospective clinical data, patient
demographics, primary tumour site, tumour morphology,
diagnosis stage, treatment course, and survival status [4].
Due to its large data sample size, wide range of resources,
and good statistical results, studies based on the SEER data-
base have good clinical reference significance, especially with
regard to rare diseases.

Traditionally, TNM staging or MSTS/Enneking surgical
staging has been used to evaluate the prognosis of soft tissue
tumours. Unfortunately, the prognosis of different types of
soft tissue tumours is often different even at the same stage.
Especially as EHE, the existing staging methods are not
enough to make treatment choices and prognosis judgments.
A nomogram is a prediction tool that can be used to visual-
ize the results of a multivariate Cox regression model, using
multiple clinical indicators and line segments labeled with
different scores to create statistical predictions, and is a sim-
ple graphical display of models that calculate the probability
of occurrence of a certain clinical event or outcome [5]. Cur-
rently, nomograms are widely used to predict the prognosis
of cancer patients. For many cancers, nomograms have been
proven to be superior to the traditional TNM staging system,
serving a valid alternatives and even being proposed as new
standards [6].

Our study attempts to establish the nomogram predic-
tion model based on the SEER database for EHE patients.
The model involves independent prognostic factors that
affect EHE patient survival, in order to provide clinicians
with survival and prognosis help for personalized treatment
of patients with EHE.

2. Materials and Methods

2.1. Data Sources. The SEER∗Stat software (version number:
8.3.9) was downloaded from the official website of the SEER
database (https://seer. cancer. gov) to extract the screened
case-related data from the database updated in March
2021. The earliest diagnosis of EHE registered in the SEER
database was in 1986, Therefore, a total of 512 patients with
histologically confirmed EHE from 1986 to 2018 were
screened under “Case Listing Session” mode in the SEER∗
Stat software for prognostic factor analysis. The inclusion
criteria were as follows: time of diagnosis from 1986 to
2018 and the International Classification of Diseases for
Oncology (3rd edition, ICD-O; issued by the WHO) code
9133 (EHE), with the biological behaviour listed as “malig-
nant.” By analyzing the clinical characteristics of the
included cases, we found that the incidence of EHE has
increased significantly since 2000, so a total of 682 patients
from 2000 to 2018 were selected under “Rate Session” model
for incidence correlation analysis.

After meeting the above inclusion criteria, the following
exclusion criteria were applied: no clear survival time and
multiple primary tumour locations. Because the SEER only

contains deidentified data, approval by an institutional
review board was not required for this study.

2.2. Extraction of Clinical Characteristic Variables. Using the
SEER database, the data for the following clinical character-
istic variables were collected: sex, age at diagnosis, year of
diagnosis, race, primary tumour location, tumour histologi-
cal grade, tumour stage, treatment method (surgery, chemo-
therapy, and radiotherapy), survival time or last follow-up
time, survival status, and cause of death. The patients were
divided by sex into 2 groups: “male” and “female.” Age at
diagnosis was a continuous variable. The patients were
divided by race into 3 groups: “black,” “white,” and “other
(Asian).” The patients were divided into 5 groups based on
primary tumour location: “head and neck,” “lung,” “liver,”
“bone and soft tissue,” and “other.” The patients were
divided by tumour histological grade into 3 groups: “good
differentiation” (grades I and II), “poor differentiation”
(grades III and IV), and the “unknown differentiation.”
Patients were divided by tumour stage into 4 groups: “local-
ized,” “regional,” “distant,” and “unknown.” “Localized” was
defined as a focal lesion characterized by a single tumour
lesion, “regional” was defined as a single organ with multifo-
cal involvement or a single lesion with regional lymph node
involvement, and “distant” was defined as multiorgan with
distant metastatic involvement. The patients were divided
by surgical treatment received into 3 groups: “surgical
treatment,” “no-surgical treatment,” and “unknown.” The
patients were divided by chemotherapy received into 2
groups: “chemotherapy” and “no-chemotherapy.” Last, the
patients were divided by radiotherapy received into 2
groups: “radiotherapy” and “no-radiotherapy”.

2.3. Primary Study Endpoints. The main study endpoints
were overall survival (OS) and cancer-specific survival
(CSS). The last follow-up time was defined as March 2021,
the date of the last update of the SEER database prior to this
study. OS was defined as the time from the date of diagnosis
to the death of the patient due to any reason or the last
follow-up. CSS was defined as the time from the date of
diagnosis to the death of the patient due to the tumour.
Patients who were still alive at the time of the last follow-
up were defined as censored survival data.

2.4. Statistical Analysis. The SPSS 25.0 software was used for
the statistical analysis. The Kaplan-Meier method was used
for the survival analysis, and incidence trends and survival
curves were plotted. The log-rank test was performed for
the univariate analysis; variables that were statistically
significant in the univariate analysis were included in a
Cox proportional hazard regression model for a multivariate
analysis to determine independent factors affecting OS.
P < 0:05 was considered statistically significant. R version
4.1.2 and the extension packages RMS, Foreign, Survival,
Caret, ggDCA, and timeROC were used to generate the
prediction model. The concordance index (C-index), cali-
bration curves, receiver operating characteristic (ROC)
curves, and prognostic decision curve analysis (DCA) were
used to evaluate the accuracy and discriminative ability of
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the prediction model. The C-index is similar to the area
under the ROC curve (AUC); the higher is the value, the
higher is the prediction accuracy, and the closer is the pre-
diction risk to the standard curve, the higher is the fitness

of the model. The overall workflow describing the process
used to establish and validate the prognostic evaluation
model of predict prognostic outcomes (OS) is shown in
Figure 1.

SEER18 registries database

Inclusion criteria:
1. EHE (ICD-O-3 code: 9133)
2. Biologicalbehaviour: “Malignant”
3. Time of diagnosis: 1986-2018 (n = 545)

Final enrolled case (n = 512)

Exclusion criteria:
1. Survival time unknown
2. Multiple primary tumour locations (n = 33)

Validation group (n = 152)Training group (n = 360)

Nomogram prognostic model (Includes 6 variables)

C-index ROC curve analysis Calibration curve analysis Clinical DCA

Random grouping at 7:3

Multivariate COX regression analysis

Figure 1: Overall workflow describing the process used to establish and validate the prognostic evaluation model of predict prognostic
outcomes (OS).
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3. Results

3.1. Age-Adjusted Incidence of EHE. From the SEER-21 data-
base, 682 patients were selected from 2000 to 2018. The inci-
dence of EHE was 0.31 patients per 1,000,000 individuals,
with a statistically significant difference per year. The inci-
dence was generally higher among females than males. The
APC was 0.52% (95% CI, -1.16%-2.24%; P < 0:05) (Figure 2).

3.2. Patient Characteristics. Using the established inclusion
and exclusion criteria, this study screened a total of 512
EHE cases from the relevant databases from 1986 to 2018.

The average age of the patients was 50:79 ± 17:076 years
(range 2-92 years). Compared with that in the 1990s, the
number of confirmed patients increased significantly after
2000 (Figure 3(a)). There were more female patients
(300; 58.9%) than male patients. Patients aged 50-59 years
accounted for the largest proportion (119; 23.2%)
(Figure 3(b)). There were 420 white patients (82.0%). The
most common primary tumour location was the liver
(131; 25.6%), followed by the lung and bone (soft tissue)
(124; 24.2% and 121; 23.6%, respectively). Most patients
were diagnosed with distant organ metastasis (187;
36.5%). The histological grade of most patients (378;
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Figure 3: (a) Age at diagnosis (EHE patients). (b) Year of diagnosis (EHE patients).
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73.8%) was not clear. Among the definite tumour grades,
87 cases (17.0%) show a good differentiation. More than
half of the patients received surgical treatment (263;
51.4%), and a small number of patients received chemo-
therapy and radiotherapy (139; 27.1% and 120; 23.4%,
respectively). There were no statistically significant differ-
ences in age, sex, race, degree of tissue differentiation,
tumour stage, primary tumour location, use/no-use of sur-
gery, use/no-use of chemotherapy, use/no-use of radiother-
apy, and survival between the training group and the
validation group (P > 0:05). The sample distribution was
uniform. The general clinical characteristics of the enrolled
patients are provided in Table 1.

3.3. Survival Prognosis Analysis of Patients with EHE. The
median survival time for all patients with EHE was 8.3 years
(100 months), and the longest survival time was greater than
29.5 years. The 1-year, 5-year, and 10-year OS rates were
76.5%, 57.4%, and 48.2%, respectively, and the correspond-
ing CSS rates were 77.3%, 59.0%, and 52.4%, respectively.
The data of CSS was similar to those of OS. The survival
rates for patients are detailed in Table 2. Kaplan-Meier and
log-rank test results suggested that clinical stage, degree of
differentiation, primary tumour location, and treatment
method (surgery, chemotherapy, and radiotherapy) were
associated with prognosis (P < 0:05). The survival curses
are shown in Figures 4(a)–4(g).

Table 1: General clinical characteristics of the EHE patients.

Characteristic All patients n (%) Training group n (%) Validation group n (%) χ2/t P

Age 1.608 0.109

Mean ± SD 50:79 ± 17:07 51:57 ± 17:2 48:95 ± 16:67
Sex 0.000 1.000

Female 300 (58.9) 211 (58.6) 89 (58.6)

Male 212 (41.1) 149 (41.4%) 63 (41.4%)

Race 4.836 0.089

Black 56 (10.9) 43 (11.9%) 13 (8.6%)

Other (Asian) 35 (6.8) 30 (8.3%) 6 (3.9%)

White 420 (82.0) 287 (79.7%) 133 (87.5%)

Degree of differentiation 0.962 0.644

Poor (grade III or IV) 47 (9.2) 35 (9.7%) 12 (7.9%)

Unknown 378 (73.8) 267 (74.2%) 111 (73%)

Good (grade I or II) 87 (17.0) 58 (16.1%) 29 (19.1%)

Staging 1.543 0.677

Distant 187 (36.5) 133 (36.9%) 54 (35.5%)

Localized 146 (28.5) 104 (28.9%) 42 (27.6%)

Regional 98 (19.1) 64 (17.8%) 34 (22.4%)

Unknown 81 (15.8) 59 (16.4%) 22 (14.5%)

Primary location 3.38 0.50

Bone (soft tissue) 121 (23.6) 87 (24.2%) 34 (22.4%) 1 0

Head and neck 40 (7.8) 29 (8.1%) 11 (7.2%)

Liver 131 (25.6) 84 (23.3%) 47 (30.9%)

Lung 124 (24.2) 89 (24.7%) 35 (23%)

Other parts 98 (18.8) 71 (19.7%) 25 (16.4%)

Surgery 2.117 0.359

No 217 (42.4) 149 (41.4%) 68 (44.7%)

Unknown 32 (6.3) 26 (7.2%) 6 (3.9%)

Yes 263 (51.4) 185 (51.4%) 78 (51.3%)

Chemotherapy 0.076 0.828

No 373 (72.9) 261 (72.5%) 112 (73.7%)

Yes 139 (27.1) 99 (27.5%) 40 (26.3%)

Radiotherapy 1.722 0.215

No 392 (76.6) 267 (74.2%) 121 (79.6%)

Yes 120 (23.4) 93 (25.8%) 31 (20.4%)

EHE: epithelioid hemangioendothelioma; SD: standard deviation.
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3.4. Univariate and Multivariate Analyses of Patients in the
Training Set. According to the results of the univariate and
multivariate Cox proportional hazard regression models,
age, poor tissue differentiation, late clinical staging, chemo-
therapy, and radiotherapy were independent factors for a
poor prognosis, and surgical treatment was an independent
factor for a good prognosis (P < 0:05) (Table 3).

3.5. Construction of a Clinical Prognostic Model of EHE. The
6 independent prognostic factors (age, degree of tissue dif-
ferentiation, stage, surgical treatment, chemotherapy, and
radiotherapy) obtained in the multivariate Cox regression
analysis were selected to establish a nomogram prognostic
model, and each variable had its own dependent variables.
The scores for each variable were added and used as the total

score to ultimately predict the 1-year, 5-year, and 10-year
survival rates for patients with EHE (Figure 5).

3.6. Validation of the Clinical Prognostic Model of EHE and
Its Clinical Applicability. The bootstrap sampling method
was used; that is, the model was internally validated after
500 repeated samplings of the original relevant data in the
training group to prevent overfitting. The C-index value
was 0.752, suggesting high accuracy. The curve for the pre-
diction accuracy of the nomogram model is shown in the fig-
ure. The slope was close to 45°, indicating that the actual and
predicted survival rates are in a good agreement; however,
the accuracy of the 1-, 5-, and 10-year predictions was differ-
ent, with a higher accuracy for 5- and 10-year survival prob-
abilities (Figure 6). For time-dependent ROC curves, the

Table 2: Survival rate and univariate analysis of all EHE patients.

Characteristic
OS CSS

Median (m) 1 y (%) 5 y (%) 10 y (%) P 1 y (%) 5 y (%) 10 y (%) P

All patients 100 76.5 57.4 48.2 77.3 59.0 52.4

Sex 0.4458 0.2717

Male 97 74.9 55.6 45.1 74.8 55.6 48.3

Female 120 77.7 58.6 49.6 78.8 61.2 55.1

Race 0.5487 0.6404

White 100 77.7 59.0 48.5 79.0 60.2 52.4

Black 100 73.8 51.8 48.1 71.9 53.9 53.9

Other (Asian) 112 52.4 50.1 43.9 62.0 52.2 52.2

Staging <0.0001 <0.0001
Localized Undefined 88.5 80.5 73.1 89.6 81.7 80.4

Regional 182 83.2 66.0 57.0 86.5 70.3 64.7

Distant 29 63.3 37.5 27.4 63.0 38.6 29.6

Unknown 79 77.7 53.1 42.4

Degree of differentiation <0.0001 <0.0001
Good 238 88.4 77.9 72.6 91.6 80.2 74.3

Poor 19 57.4 37.1 33.7 60.5 40.6 37.0

Unknown 84 76.1 55.2 44.3

Primary location <0.0001 <0.0001
Head and neck Undefined 84.2 75.6 65.3 91.0 84.8 81.1

Lung 46 66.5 47.0 37.3 67.9 43.9 37.8

Liver 199 75.3 58.7 53.8 78.4 61.1 51.7

Bone (soft tissue) 185 83.7 64.7 53.9 84.1 67.7 66.3

Other 67 73.3 51.3 38.5

Surgery <0.0001 <0.0001
No 34 63.9 40.5 30.4 66.1 42.7 34.0

Yes 237 88.2 74.0 65.2 88.0 74.8 70.0

Unknown 17 62.2 34.6 29.6

Chemotherapy <0.0001 <0.0001
No 185 82.2 66.5 57.0 83.8 69.4 62.4

Yes 20 60.9 31.8 20.9 60.5 30.8 22.9

Radiotherapy 0.0002 0.002

No 135 79.3 62.9 52.1 80.0 63.9 55.8

Yes 29 67.2 39.4 35.5 67.9 41.9 40.3

EHE: epithelioid hemangioendothelioma; OS: overall survival; CSS: cancer-specific survival; 1 y: 1 year; 5 y: 5 years; 10 y: 10 years.
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Figure 4: Continued.
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AUC values for the 1-, 5-, and 10-year survival rates for the
training group were 0.771, 0.830, and 0.874, respectively,
and the AUC values for the validation group were 0.811,
0.828, and 0.846, respectively. Because the AUC is close to
or greater than 0.8, the model has high differentiation ability
and accuracy (Figure 7). To further evaluate the clinical
value of the prediction model, clinical DCA curves for 1-,
5-, and 10-year OS were plotted; the net benefit is quite large,

suggesting a large beneficial threshold for clinical decision-
making based on predictions using this model (Figure 8).

4. Discussion

The development of science and technology has led to
advancements in medicine. Currently, clinical prediction
models are being constructed through the application of
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Figure 4: (a) Overall survival of all patients. (b) Survival analysis for staging. (c) Survival analysis for grade. (d) Survival analysis for primary
tumour location. (e) Survival analysis for surgery. (f) Survival analysis for chemotherapy. (g) Survival analysis for radiotherapy.

Table 3: Univariate and multivariate survival analyses of EHE patients in the training group.

Clinical characteristic
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Age 1.029 1.019 1.039 <0.001 1.030 1.019 1.040 <0.001

Degree of differentiation

Poor Reference <0.001 Reference 0.046

Good 0.218 0.112 0.425 <0.001 0.419 0.208 0.845 0.015

Unknown 0.590 0.379 0.920 0.020 0.781 0.491 1.240 0.294

Staging

Distant Reference <0.001 Reference 0.002

Localized 0.280 0.184 0.425 <0.001 0.505 0.310 0.821 0.006

Regional 0.368 0.234 0.579 <0.001 0.430 0.263 0.702 0.001

Unknown 0.526 0.347 0.797 0.002 0.565 0.328 0.974 0.040

Surgery

No Reference <0.001 Reference 0.006

Yes 0.366 0.265 0.506 <0.001 0.616 0.424 0.896 0.011

Unknown 0.926 0.545 1.573 0.777 1.694 0.853 3.363 0.132

Chemotherapy Yes vs. no 2.368 1.733 3.235 <0.001 2.123 1.502 3.000 <0.001
Radiotherapy Yes vs. no 1.913 1.397 2.621 <0.001 1.768 1.266 2.468 0.001

EHE: epithelioid hemangioendothelioma; HR: hazard ratio; CI: confidence interval.
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more complex methods and larger databases than previously
used to establish faster, more accurate, and more universal
prediction models. However, the complexity of a model
often makes it difficult to interpret and to be applied in daily
clinical work. Nomograms play important roles in the cur-
rent digital age and have been widely used in the prognos-
tic assessment of lung cancer, breast cancer, colorectal
cancer, and even rare tumours [7–11]. In our study, we
selected EHE patients from the SEER database and
screened independent prognostic factors of EHE patients
by Cox regression analysis. Through the factors, we estab-
lished a nomogram prediction model with good prediction
ability and wide clinical applicability.

In this study, we analyzed multiple possible prognostic
factors in EHE patients, and the results showed that age, tis-
sue differentiation, clinical staging, surgery, chemotherapy,
and radiotherapy were all independent factors for patient
survival prognosis. In a previous report, females were 4
times as likely to be diagnosed with EHE than were males,
and the age range for EHE patients was broad, from children
to elderly individuals, with the median age being in the
fourth to fifth decade of life [12]. In our study, the age at
onset ranged from 2 to 92 years, the median age at onset
was 51.5 years, the peak age at onset was 50-59 years, and
the prevalence was slightly higher in women than in men
(58.9% vs. 41.1%), findings that are generally consistent
results in previous reports.

In 2011, the International Hemangioendothelioma,
EHE, and Related Vascular Disorders (HEARD) Support
Group concluded that the primary sites of EHE were the
liver (21%), lung (12%), and bone (14%) [13]. Our study
had similar results; the highest proportion (25.6%) of pri-
mary tumours occurred in the liver, with a high 5-year OS
rate (58.7%). However, the aetiology and pathogenesis of
EHE are still not clear but usually considered to be related

to factors such as vascular malformations, oral contracep-
tives, and the abnormal secretion of oestrogen and proges-
terone [14]. EHE lacks typical clinical manifestations and
can metastasize to any region of the body. Approximately
30% of patients experienced distant metastasis, with a 20%
mortality rate. In addition, the OS rate for patients with
single-lesion tumours was 89%, compared with 50% for
patients with more than a single lesion [15].

At present, the conventional treatments are usually rad-
ical operation (26%), systemic chemotherapy (24%), debulk-
ing surgery (2%), radiation therapy (2%), and others [16].
Some studies have reported that follow-up observation was
a reasonable option for patients who were asymptomatic,
had stable disease, or were at advanced stages [17, 18]. The
treatment approach for most patients with confirmed cases
of EHE cases is surgery, and the primary goal is complete
resection with negative margins. A retrospective study
enrolled 93 EHE patients; approximately 26% of patients
with single-focal lesions in the soft tissue, the liver, and other
sites who underwent surgery and 75% of patients who
received no treatment showed evidence of recurrence at
the last follow-up [19]. In addition, in other studies, surgical
excision achieved a cure rate of at least 50% [20–22]. In our
cohort, patients who underwent surgery had a better prog-
nosis, and the risk of death decreased by 65% compared with
that for patients who did not undergo surgery.

A large multicentre retrospective study of the effects of
systemic therapy on patients with advanced EHE showed
that no relevant antitumour activity for any of the chemo-
therapeutic drugs was used. A total of 73 patients were
included; the median progression-free survival (PFS) was
less than 6 months for all patients who received systemic
therapy, and the overall response rates (ORRs) were 3% for
the anthracycline-based group, 9% for the weekly paclitaxel
group, and 4% for the other regimen group [23]. The results
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Figure 5: Prediction of 1-, 5-, and 10-year OS rates for EHE patients using the nomogram model.
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from our study also indicated that chemotherapy did not
improve patient survival time. Therefore, we look forward
to deepening the understanding of the molecular pathogen-
esis of EHE and helping identify new therapeutic targets.

Due to the inert growth and radiobiological characteris-
tics of EHE, radiotherapy is generally considered to be inef-
fective for EHE patients, but it is usually used as a means of
palliative treatment to alleviate cancer pain caused by bone

metastasis. However, in recent years, the European Society
for Medical Oncology (ESMO) expert consensus pointed
out that radiotherapy can be carefully selected to control
symptoms on the basis of the number of lesions, the clinical
symptoms of the patient, the tumour burden, and the ana-
tomical location of the primary tumour [24]. In our study,
the median OS in the radiotherapy group was 29 months,
and the 5-year OS rate was 39.4%, significantly less than that
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Figure 6: Calibration curves for the nomogram.
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in the no radiotherapy group. We believe that further high-
quality studies are essential for selecting an appropriate
radiotherapy mode and timing for EHE.

On the basis of Harrell’s guidelines, when the outcome is
binary, the minimum value of the frequencies of the two
response levels should be greater than 10 times the number
of predictors. When the outcome is overall survival, the
number of deaths is 10 times the number of predictors, so
that the expected error in the predicted probabilities from
the Cox model is less than 10% [6]. In our study, there were
360 patients in the training group, 152 patients in the valida-
tion group, and 251 deaths. In addition, there were 6 predic-
tive variables that meet the standard of Harrell’s guidelines.

It is necessary to validate the model’s predictive ability,
calibration, discrimination, and clinical application. A per-
fect calibration graph is shown that all observation points
(the abscissa axis represents the predicted probability, and
the axially of ordinate represents the actual probability) fall
on the diagonal, and the distance between the actual obser-
vation point and the diagonal represents the absolute error
of nomogram prediction results [6]. The calibration graph
of our study has good consistency and the value for further
verification. The C-index is usually between 0.5 and 1 that
defined 0.5-0.7 as low accuracy, 0.71-0.9 as medium accu-
racy, and greater than 0.9 as high accuracy [25]. The ROC
curve is the relationship between sensitivity and specificity.
According to the position of the curve, the whole graph is

divided to two parts. The area under the curve is used to
indicate the accuracy of the prediction [26]. In this study,
the C-index is around 0.7, and the AUC is greater than 0.8
which indicate the prediction model has high discrimination
ability and accuracy. Although the concept of “net benefit” is
not widely adopted now, the threshold interval of benefit is
very large through the DCA curve we studied.

Considering the rarity of EHE, large-scale prospective
studies are basically impossible to conduct. Therefore, retro-
spective studies using databases with sufficient sample sizes
and relatively detailed patient survival information can be
used to provide a basis for strong statistical analyses. To con-
tribute to clinical practice, we established a nomogram that
includes all the factors that affect the prognosis of EHE
and can better predict the 1-, 5-, and 10-year survival rates
for EHE patients, but the data in this study were all from
the SEER database; therefore, the selection of cases and var-
iables is a limitation of this study; the clinical data recorded
in the SEER database are for U.S. populations, not Asian
populations. Second, data on patients’ sites of metastasis,
regional lymph node invasion, relevant laboratory results,
physical condition, and characteristic genetic mutations
were lacking; notably, these are very important factors that
affect survival and progression. Third, we could not confirm
the sequence of surgery, chemotherapy, and radiotherapy,
and the dosage regimens for chemotherapy and radiother-
apy were unknown. Finally, we were only able to perform
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Figure 7: ROC curves for the nomogram.
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internal verification of the data. Due to the rarity of EHE,
there are not enough cases from our institution or other
institutions for external verification, and further validation
using real-world cases and studies is needed. Nevertheless,
to date, this is the first EHE study based on the SEER data-
base, and the results are convincing; therefore, this study
provides new clinical epidemiological and prognostic infor-
mation for EHE.

5. Conclusion

Our study established the first nomogram prediction model
based on the SEER database for EHE patients. The model
can predict the 1-year, 5-year, and 10-year survival rates
for patients with EHE. Our model incorporates various indi-
cators that can great help for clinical decision-making, so as
to realize individual treatment and management of EHE
patients.

From our study, we only conduct the internal validation
and have not enough cases from our institutions or other
institutions for external validation because of the rare can-
cer, so we need further studies to involve a larger sample
size, including more factors to further screen the indepen-
dent influencing factors of the prognosis of EHE patients
and improve the model that provide a reference for the eval-
uation of the prognosis of EHE patients.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding authors upon request.

Conflicts of Interest

All authors report no conflicts of interest regarding this
study or report.

Authors’ Contributions

Yujun Li and Zibo Zhang contributed equally to this work
and as co-first authors. All authors have agreed for the
publication.

Acknowledgments

This work was supported by the Wu Jieping Medical Foun-
dation (320.6750.2021-16-6).

References

[1] N. Yousaf, M. Maruzzo, I. Judson, O. Al-Muderis, C. Fisher,
and C. Benson, “Systemic treatment options for epithelioid
haemangioendothelioma: the Royal Marsden Hospital experi-
ence,” Anticancer Research, vol. 35, no. 1, pp. 473–480, 2015.

[2] S. W. Weiss and F. M. Enzinger, “Epithelioid hemangioen-
dothelioma: a vascular tumor often mistaken for a carcinoma,”
Cancer, vol. 50, no. 5, pp. 970–981, 1982.

[3] V. Y. Jo and C. D. Fletcher, “WHO classification of soft tissue
tumours: an update based on the 2013 (4th) edition,” Pathol-
ogy, vol. 46, no. 2, pp. 95–104, 2014.

[4] K. M. Doll, A. Rademaker, and J. A. Sosa, “Practical guide to
surgical data sets: Surveillance, Epidemiology, and End Results
(SEER) database,” JAMA Surgery, vol. 153, no. 6, pp. 588-589,
2018.

[5] V. P. Balachandran, M. Gonen, J. J. Smith, and R. P. DeMatteo,
“Nomograms in oncology: more than meets the eye,” The Lan-
cet Oncology, vol. 16, no. 4, pp. e173–e180, 2015.

[6] A. Iasonos, D. Schrag, G. V. Raj, and K. S. Panageas, “How to
build and interpret a nomogram for cancer prognosis,” Journal
of Clinical Oncology : Official Journal of the American Society of
Clinical Oncology, vol. 26, no. 8, pp. 1364–1370, 2008.

[7] Z. Zuo, G. Zhang, P. Song et al., “Survival nomogram for stage
IB non-small-cell lung cancer patients, based on the SEER
database and an external validation cohort,” Annals of Surgical
Oncology, vol. 28, no. 7, pp. 3941–3950, 2021.

[8] Y. Yu, Y. Tan, C. Xie et al., “Development and validation of a
preoperative magnetic resonance imaging radiomics-based
signature to predict axillary lymph node metastasis and
disease-free survival in patients with early-stage breast cancer,”
JAMA Network Open, vol. 3, no. 12, article e2028086, 2020.

[9] C. Liu, C. Hu, J. Huang et al., “A prognostic nomogram of
colon cancer with liver metastasis: a study of the US SEER
database and a Chinese cohort,” Frontiers in Oncology,
vol. 11, article 591009, 2021.

[10] F. Xu, F. Zhao, X. Feng et al., “Nomogram for predicting
cancer-specific survival in undifferentiated pleomorphic sar-
coma: a Surveillance, Epidemiology, and End Results -based
study,” Cancer control : journal of the Moffitt Cancer Center,
vol. 28, 2021.

[11] L. Jiang, T. Lin, Y. Zhang et al., “A novel nomogram to predict
the overall survival in esthesinoeroblastoma,” BMC Cancer,
vol. 20, no. 1, p. 993, 2020.

[12] A. Sardaro, L. Bardoscia, M. F. Petruzzelli, and M. Portaluri,
“Epithelioid hemangioendothelioma: an overview and update
on a rare vascular tumor,” Oncology Reviews, vol. 8, no. 2,
p. 259, 2014.

[13] K. Lau, M. Massad, C. Pollak et al., “Clinical patterns and out-
come in epithelioid hemangioendothelioma with or without
pulmonary involvement: insights from an internet registry in
the study of a rare cancer,” Chest, vol. 140, no. 5, pp. 1312–
1318, 2011.

[14] J. E. Roepke and S. A. Heifetz, “Pathological case of the
month,” Archives of Pediatrics & Adolescent Medicine,
vol. 151, no. 3, pp. 317–319, 1997.

[15] P. K. Chen, Q. T. Lin, Y. Z. Feng, Z. P. Weng, and X. R. Cai,
“Epithelioid hemangioendothelioma of spine: a case report
with review of literatures,” Radiology case reports, vol. 15,
no. 12, pp. 2687–2692, 2020.

[16] S. Witte, M. Weidema, S. Kaal et al., “The heterogeneity of epi-
thelioid hemangioendothelioma (EHE): a case series and
review of the literature with emphasis on treatment options,”
Seminars in Oncology, vol. 48, no. 2, pp. 111–118, 2021.

[17] O. K. Noh, S. S. Kim, M. J. Yang et al., “Treatment and progno-
sis of hepatic epithelioid hemangioendothelioma based on
SEER data analysis from 1973 to 2014,” Hepatobiliary & pan-
creatic diseases international : HBPD INT, vol. 19, no. 1,
pp. 29–35, 2020.

[18] Z. K. Otrock, A. Al-Kutoubi, M. M. Kattar, G. Zaatari, and
A. Soweid, “Spontaneous complete regression of hepatic epi-
thelioid haemangioendothelioma,” The Lancet Oncology,
vol. 7, no. 5, pp. 439–441, 2006.

19Journal of Oncology



[19] E. Rosenbaum, B. Jadeja, B. Xu et al., “Prognostic stratification
of clinical and molecular epithelioid hemangioendothelioma
subsets,” Modern pathology : an official journal of the United
States and Canadian Academy of Pathology, Inc, vol. 33,
no. 4, pp. 591–602, 2020.

[20] M. Brahmbhatt, S. Prenner, and T. Bittermann, “Liver trans-
plantation for hepatic epithelioid hemangioendothelioma is
facilitated by exception points with acceptable long-term out-
comes,” Transplantation, vol. 104, no. 6, pp. 1187–1192, 2020.

[21] I. T. Konstantinidis, C. Nota, Z. Jutric et al., “Primary liver sar-
comas in the modern era: resection or transplantation?,” Jour-
nal of Surgical Oncology, vol. 117, no. 5, pp. 886–891, 2018.

[22] P. Bagan, M. Hassan, B. F. Le Pimpec et al., “Prognostic factors
and surgical indications of pulmonary epithelioid heman-
gioendothelioma: a review of the literature,” The Annals of
Thoracic Surgery, vol. 82, no. 6, pp. 2010–2013, 2006.

[23] A. M. Frezza, V. Ravi, S. Lo Vullo et al., “Systemic therapies in
advanced epithelioid haemangioendothelioma: a retrospective
international case series from the World Sarcoma Network
and a review of literature,” Cancer Medicine, vol. 10, no. 8,
pp. 2645–2659, 2021.

[24] S. Stacchiotti, A. B. Miah, A. M. Frezza et al., “Epithelioid
hemangioendothelioma, an ultra-rare cancer: a consensus
paper from the community of experts,” ESMO open, vol. 6,
no. 3, article 100170, 2021.

[25] R. Van Oirbeek and E. Lesaffre, “An application of Harrell’s C-
index to PH frailty models,” Statistics in Medicine, vol. 29,
no. 30, pp. 3160–3171, 2010.

[26] P. J. Heagerty and Y. Zheng, “Survival model predictive accu-
racy and ROC curves,” Biometrics, vol. 61, no. 1, pp. 92–105,
2005.

20 Journal of Oncology


	Establishment and Validation of a Nomogram Prognostic Model for Epithelioid Hemangioendothelioma
	1. Introduction
	2. Materials and Methods
	2.1. Data Sources
	2.2. Extraction of Clinical Characteristic Variables
	2.3. Primary Study Endpoints
	2.4. Statistical Analysis

	3. Results
	3.1. Age-Adjusted Incidence of EHE
	3.2. Patient Characteristics
	3.3. Survival Prognosis Analysis of Patients with EHE
	3.4. Univariate and Multivariate Analyses of Patients in the Training Set
	3.5. Construction of a Clinical Prognostic Model of EHE
	3.6. Validation of the Clinical Prognostic Model of EHE and Its Clinical Applicability

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



