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Construction and validation of nomograms for
non-metastatic Ewing sarcoma: A prognostic
factor analysis based on the SEER database
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Abstract. Ewing sarcoma is the second most common osseous
disease in children and adolescents. It presents with a poor
prognosis due to the high degree of malignancy and distant
metastasis. In order to predict the disease prognosis and
investigate a suitable therapeutic strategy for Ewing sarcoma,
the present study aimed to describe the clinical characteris-
tics, and to construct and validate nomograms for patients
with non-metastatic Ewing sarcoma. A total of 627 cases of
non-metastatic Ewing sarcoma were retrospectively collected
from the Surveillance, Epidemiology, and End Results
database between 2005 and 2014. Survival analysis and a
machine learning model were used to identify independent
prognostic variables and establish nomograms to estimate
overall survival (OS) and cause-specific survival (CSS). The
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nomograms were bootstrap internally validated and externally
validated using non-metastatic Ewing sarcoma cases from the
First Affiliated Hospital of Zhengzhou University. The accu-
racy was also assessed by comparing with current American
Joint Committee on Cancer (AJCC) staging systems. The total
series consisted of 627 patients with non-metastatic Ewing
sarcoma with a mean age of 20.14 years. Age, tumor extension,
sex, International Classification of Diseases for Oncology, 3rd
Edition histology, surgery and chemotherapy were identified as
independent risk factors for OS and CSS. The aforementioned
outcomes were incorporated to construct the nomograms, and
the concordance indices (C-indices) for internal validation
of OS and CSS prediction were 0.791 and 0.813, which were
higher than those for AJCC sixth edition (OS, 0.531; CSS,
0.534) and seventh edition (OS, 0.547; CSS, 0.561), while the
C-indices for external validation of OS and CSS prediction
were 0.834 and 0.825, respectively. In conclusion, age, sex,
tumor extension and surgery were independent prognostic
factors for both OS and CSS. In addition, with regard to OS,
the Ewing sarcoma subtype was a poor factor and chemo-
therapy was a favorable one. Nomograms based on reduced
Cox models attained a satisfactory accuracy in predicting the
survival of patients with non-metastatic Ewing sarcoma and
could assist clinicians in evaluating survival more accurately.

Introduction

Ewing sarcoma is the second most common osseous disease
in children and adolescents, and predominantly occurs in
the pelvic bones, femur and chest wall (1,2). Pathologically,
it stems from primitive neuroepithelial cells, which are small
round cells with high expression levels of CD99 with the
potential to differentiate into various types of mesenchymal
cell (1,3,4). Ewing sarcoma is characterized by the fusion of
the EWS gene on chromosome 22q12 (1).

Ewing sarcoma is treated with adjuvant chemotherapy
following wide excision or amputation with or without
radiotherapy, as determined by the National Comprehensive



2 HUANG et al: PREDICTING THE PROGNOSIS OF NON-METASTATIC EWING SARCOMA

Cancer Network (NCCN) guidelines (5,6). Despite various
treatment strategies, the 5-year-overall survival (OS) rate is
reported to have been only 65% in Turkey between 2001 and
2010, which may be associated with the high metastatic rate
noted at an early stage (7). In addition, metastases are often
regarded as the most significant predictor of OS in patients
with Ewing sarcoma (8,9). Other potential factors include
primary tumor location, tumor volume and lactate dehydro-
genase levels (10,11). Non-metastatic Ewing sarcoma exhibits
relatively mild symptoms and favorable prognosis compared
with the metastatic type of the disease (8). Therefore, the
description of its clinical characteristics and the investigation
into its prognostic factors can assist clinical decision-making.

With regard to non-metastatic Ewing sarcoma, surgery is
more useful than chemotherapy due to the high probability
of en bloc tumor resection (8,10). Chemotherapy is the main
adjuvant treatment method for Ewing sarcoma and was
used in ~92% of non-metastatic Ewing sarcoma in previous
studies (11,12). Furthermore, it has been demonstrated to be
a favorable predictor for OS (7-12). Chemotherapy decreases
the proliferation rate of the remaining tumor cells and
improves patient survival time (1). With regard to radio-
therapy, it has also been reported that chemotherapy is an
appropriate regimen for local control in patients with Ewing
sarcoma (13).

A nomogram is a visual, statistical predictive tool that
has been designed to identify prognostic factors and predict
disease-specific prognosis for each patient. Its predictive accu-
racy is superior to that of transitional prognostic scoring systems,
such as the American Joint Committee on Cancer (AJCC)
Tumor-Node-Metastasis staging system (6). However, to the
best of our knowledge, the application of nomograms in the
prediction of the prognosis for patients with non-metastatic
Ewing sarcoma has not been previously investigated. In the
present study, a machine learning model (random forest) and
survival analysis methods, including the Kaplan-Meier (K-M)
curve and Cox proportional hazards regression model,
were used to identify independent prognostic variables for
non-metastatic Ewing sarcoma from large sample data derived
from publicly available sources [Surveillance, Epidemiology
and End Results (SEER) database]. Subsequently, nomograms
were constructed to estimate OS and cause-specific survival
(CSS). Furthermore, external validation was performed to
evaluate the accuracy and reproducibility of the nomograms
in clinical applications.

Materials and methods

Patient selection. The present study was approved by
the Ethics Committee of The First Affiliated Hospital
of Zhengzhou University (no. KEYAN-2018-LW-023;
Zhengzhou, China). The data analyzed in the program were
identified between January 2005 and December 2014 from
the SEER database (https://seer.cancer.gov/). Only patients
diagnosed with Ewing sarcoma as the primary malignancy
were included. Patients with tumors that were not first
tumors (patients with no prior history of tumors or patients
with tumors that were not primary tumors) were excluded
from the present study. The tumor size data were collected
with the exception of the codes 000/888/999/989-998 (‘000’

indicated no mass or no tumor found; ‘888’ and ‘999’
indicated not applicable or unknown; ‘989-998’ indicated
989 mm or larger but not accurately recorded). The tumor
extension data were also collected with the exception of the
codes 000/888/999/989-998. The exclusion criteria were as
follows: Patients without biopsy diagnosis, patients with the
NOMO stage and patients who did not have Ewing sarcoma
as their primary malignancy, patients with unknown surgical
information, and patients with unknown marital status
and ethnicity. Several studies have reported that marital
status is an important prognostic factor for various tumor
types (14,15). Therefore, in order to include marital status
in the subsequent analysis, subjects with unknown marital
status were removed. The patient selection is shown in the
flow chart in Fig. 1. Patient characteristics and the original
dataset are available in Tables SI and SII, respectively.

A cohort was formed for validation according to the
AJCC 6 and 7th edition guidelines using the same exclusion
criteria from the SEER database [this was a cohort with only
AJCC stage as the independent variables and survival data as
the dependent variable from the same SEER database using
SEER*STAT (version 8.3.6; seer.cancer.gov/seerstat), and
all patients with unknown AJCC stage were excluded from
this cohort] (6). In addition, non-metastatic Ewing sarcoma
cases between January 2013 and December 2018 at The First
Affiliated Hospital of Zhengzhou University (Zhengzhou,
China) were collected for external validation using the
Electronic Medical Record System using the same inclusion
and exclusion criteria. Despite the rarity of the disease, an
external dataset comprising 26 cases was finally collected.
Patient characteristics are shown in Table SIII.

Data extraction. The variables analyzed in the present study
included the baseline demographic features of the patients
(age at diagnosis, sex and ethnicity), the tumor characteristics
[size, extension, primary site, International Classification of
Diseases for Oncology, 3rd Edition (ICD.0.3) histological
subtype and AJCC T stage] (6,16), the medical treatment
(surgery, radiation recode and chemotherapy recode) and the
socioeconomic variables (marital status, degree of education,
family income and employment status). Age was divided into
three subgroups, namely children (<15 years), adolescents and
young adults (15-39 years), and old adults (>39 years) according
to the NCCN Guidelines for Adolescent and Young Adult
Oncology (17). The endpoint of the present study was patient
death, which was presented as OS and CSS. The follow-up
endpoint of all patients was December 31, 2014.

Statistical analysis. The categorical variables were expressed
as percentages and the continuous variables were presented
as the median (range). Subsequently, the continuous variables
were transformed into categorical variables, such as age, tumor
size and tumor extension. According to the NCCN guidelines
(version 2017) (6), age (<15, 15-39 and >39 years), tumor size
(<80 and =80 mm) and tumor extension (<300 and =300 mm)
were divided into different subgroups. In addition, patients
were divided into subgroups according to the median values
for socioeconomic variables. The ¥ test was adopted to assess
the distinction between the sub-variables of each categorical
variable. The same processes were performed based on OS
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Figure 1. Flow chart for creation of the Surveillance, Epidemiology, and End
Results dataset.

and CSS. To compare the OS and CSS between subtypes, a
K-M curve was used. For the K-M survival analysis, a log-rank
test was used to compare the survival curves of each variable.

A random forest plot was established for entire variables.
The Mean Decrease Gini (MDG) was used to estimate how
each variable contributed to the OS and CSS. Additionally, the
out-of-bag error was used to assess the accuracy of the clas-
sification in the random forest. The Cox proportional hazards
model was constructed based on the results of the univariate
analysis. The significant variables of the univariate analysis
were screened to structure the subsets used as the data of the
full Cox model. The non-significant chemotherapy effects
were also retained for subsequent analysis. As a result, a
reduced Cox model was constructed by sorting out the signifi-
cant predictors from the full Cox model. Although the surgical
information was not significant in the full Cox model, it was
reserved for subsequent analysis in the reduced Cox model.
Following double selections, the Cox model with the optimum
predictors was eventually selected.

Based on the reduced Cox model, the nomograms were
constructed for the evaluation of OS and CSS. The discrimina-
tions between predicted and observed values were evaluated
via the concordance index (C-index) of internal validation.
Their calibration was subsequently estimated using the corre-
sponding calibration curve. In addition, to assess the accuracy

of the final models, the external validation and concordance of
the two AJCC editions was performed as the last step.

In the present study, R version 3.5.0 software (https://
www.r-project.org/) was used to identify the statistically
significant variables with a two-sided P<0.05 (0=0.05).
The R packages ggplot2 (version 3.3.2; https://cloud.r-
project.org/web/packages/ggplot2/index.html), survminer
(version 0.4.8; https://cloud.r-project.org/web/packages/
survminer/index.html), survival (version 3.2-7; https:/
cloud.r-project.org/web/packages/survival/index.html), rms
(version 6.0-1; https://cloud.r-project.org/web/packages/rms/
index.html) and randomForest (version 4.6-14; https://cloud.r-
project.org/web/packages/randomForest/index.html) wereused to
establish the model and draw the curves, as well as the nomograms.

Results

Baseline characteristics. A total of 1,471 cases from the
SEER database were selected between 2005 and 2014 as
primary malignant cases. These cases were filtered, and
an entire cohort containing 627 patients was included
based on the inclusion and exclusion criteria. The patient
characteristics are listed in Table SI, and the raw dataset of
the entire primary cohort comprising 1,471 patients with
non-metastatic Ewing sarcoma is shown in Table SII. At
the end of the follow-up period, 502 patients were alive and
125 patients did not survive. The median age was 17 years
(range, 0-85 years) and the highest proportion was noted
in the 15-39-year-old subgroup. There were 252 women
and 375 men. The median tumor size was 70 mm (range,
5-950 mm) and the median tumor extension was 400 mm
(range, 100-820 mm). With regard to the primary tumor site,
the distribution was as follows: Head/face/neck (8.0%), limbs
(48.8%), thorax/abdomen (19.9%) and trunk (23.3%). The
ICD.0O.3 histology groups were adamantinoma of long bones
(4.5%) and Ewing sarcoma (95.5%). In view of the limited
number of AJCC T3 (0.8%) cases, the main comparison >
test was only performed in the AJCC T1 and AJCC T2 cases
(53.1 vs. 46.1%). AJCC T was the only variable to do this
filtration in the ¥ test, and T3 cases were not deleted in all
subsequent analysis processes. Surgery was performed in
76.6% of patients, with chemotherapy recorded in 92.0% of the
cases, whereas radiation was noted in 40.7% of the cases. The
median OS was 40.00 months (range, 0.00-119.00 months).

Univariate analysis. The K-M survival analysis for OS and
CSS is summarized in Table I. Patients who were >39 years
exhibited the poorest OS and CSS, whereas patients whose age
was <15 years exhibited the best prognosis (P<0.001, Fig. 2A;
P<0.001, Fig. 2B; P-values apply to the log-rank tests among
all categories, not the comparison between any two categories).
Improved OS/CSS was achieved in patients who underwent
surgery compared with patients who did not undergo surgery
(P<0.001, Fig. 2C; P<0.001, Fig. 2D). In addition, the MDG
values of the random forests were estimated for OS [out of
bag (OOB)=21.37%] and CSS (OOB=19.62%), along with
the outcomes of the parametric or the non-parametric tests
(Table I). Variance homogeneous and normal distributed
continuous variables could be compared by Student's t-test,
otherwise, the Mann-Whitney U-test or Kruskal-Wallis H-test



HUANG et al: PREDICTING THE PROGNOSIS OF NON-METASTATIC EWING SARCOMA

*Seq JO INO ‘GO £190UED) UO dANIWWOD) JUIOf URILIDWY ‘DY ‘TUID) 958 URIA ‘DI ‘SO[GBLIEA SNONUIUOISIP I0J PIsN SeM 1$) X 7 "9SN JO SUONIIPUOD PeyY )$)-)
SJUOPNIS "Pasn Sem 1S9)-H SI[[BA\-[ENSNIY] JO 159)-() AQUIIYAA-UURIA SY) ‘9SIMISYIO )$9)-) S,juopn)§ Aq paredwiod 9q pinod SO[qeLIEA SNONUIIUOD PAINGINSIP A[[BUWLIOU PUB SNOUSSOWOY dDUBLIEBA SO 0>de

e0r's
L8Y'S
19¢°¢
LyL'v
148
6¢S9
0L

L8L9
1204
2608

G80'L
SIOL

LCI'T

c3L81
08S'L
V'8
19
0€L9

9LE €l

666 '0<
0cT0
0180
0090
0cy0
L6070
0L€0

:C00°0
0050
=100°0>

2100°0>
2100°0>

100

21000
20200
0LT°0
2100°0>
2100°0>

2100°0>

1€8°0
€reo
¢s80
€6L°0
2950
6L1°0
€reo

29000
LOS0
2100°0

7000
2100°0>

20100

=100°0>
28000
6CI0
2100°0>
2[00 0>

=100°0>

809°¢
8909
GE9'S
LYTs
LTO9
€C9°9
S00°'L

cle’L
§8CS
670'8

LISL
Lyy'L

1cC1

£€6L61
£8¢'8
LLY'8
9899
oreL

134!

0060
09C0
086'0
090
0150
0rco
0SS0

2100°0>
08C°0
2[00°0>

:100°0>
:100°0>

2SC0°0

2[00°0>
:[1€0°0
010
2100°0>
2[00°0>

2[00°0>

1120
6L£0
S06'0
€L80
0690
Yero
L6t0

21000
€970
2[00°0>

€000
:100°0>

2L 00

2[00°0>
£10°0
vero
2100°0>
2[00°0>

2[00°0>

(%06 1oddn *sa 950G 19MO]) IIOM [ENUBW-UON
(906 1oddn “sA 9,06 19m0]) peLojdwaun

(906 1oddn “sA 950G J9MO]) SNILIS JWOdU]

(906 Toddn "sA 9;,()G I9MO[) QWOdUT A[IWE] URIPIA

(%06 1addn "sA 9,0G 19mO[) 99139p S,I0[YORq ISBI] I

(%06 1oddn *sA 9,06 1omo[) uoneonpo [0oyds YSIH
(906 Toddn “sA 9,06 19m0[) uoneonps apeis yig
(pPamopIm/padioalp/paeredas/o[3urs

“SA PILLIBW) SISOUSRIP 18 SNJe)S [ILIBA

(S9K "sA umouyun/ou) apodal Aderayioway)d

(S "SA uMOUYUN/OU) SPOII UOTIRIPEY
(powoyrad A1931ns

‘sA pawtojiad jou A1031ns) uonewIojur £19310S
(EL°SA TL"SA L) @3e3s L DOV

(ewooIeS JUIME "SA

souoq 3uo[ Jo ewounuewepe) adALiqns [BOISO[0ISTH
([un1} “sa uswopqe

“XEBIOY) "SA SQUII[ "SA JOU ‘0] ‘peay]) IS ATewLid
(9rewr *sA A[eWY) X3S

(19O "sA AMYAN “sA Jor[g) Ardrugy

(ww OO€= "SA )QE>) UOISUAIXD Jown],

(ww Q=< “SA ()8>) 9ZIS Jown],

(6€<"SA 6€-GI "SA G[>)

(3sQ1-H SI[[eM -[exsnIy]) 98y

(%79'61=d00)
DAN

SISATRUE [RATAINS
I -uedey]
Jo anpea-4

159} o1mowered-uou
1o oawered
Jo anpea-4

(%L€17=9d00)
DAN

SISATRUR [RATAINS
IQIRN-uedey]
Jo anfea-4

159) orowered
-uou JooLnawered
Jo anpea-4

[eAIAINS OY1oads-osne))

[BAIAIDS [[BIOAQ

SO[qELIBA

"(%79'61=d00) SSD PUe (%LE T7=400) SO 10§ SISA[PUT }S210§ WOPUEI puE SISA[eUL 10J08} S[FUIS JO SHNSNY T AqeL



ONCOLOGY LETTERS 22: 777, 2021 5

Table II. Cox proportional hazards regression model for overall survival and cause-specific survival in patients with
non-metastatic Ewing sarcoma.

Overall survival Cause-specific survival

Variable Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
Categorical age, years

<15 1.00 (reference) 1.00 (reference)

15-39 2.154 (1.375-3.375) <0.001* 2.084 (1.316-3.300) 0.002*

>39 4.334 (2.417-7.770) <0.001* 4.121 (2.248-7.552) <0.001*
Categorical tumor extension, mm

<300 1.00 (reference) 1.00 (reference)

=300 2.404 (1.366-4.230) 0.002* 2.652 (1.465-4.803) 0.001*
Sex

Female 1.00 (reference) 1.00 (reference)

Male 1.654 (1.124-2.434) 0.011° 1.675 (1.120-2.506) 0.012*
Histological subtype

Adamantinoma of long bones 1.00 (reference)

Ewing sarcoma 19.137 (2.466-148.492) 0.005*
Surgery information

Surgery not performed 1.00 (reference) 1.00 (reference)

Surgery performed 0.593 (0.407-0.865) 0.007* 0.561 (0.378-0.831) 0.004*
Chemotherapy recode

No/Unknown 1.00 (reference) 1.00 (reference)

Yes 0.308 (0.164-0.581) <0.001* 0.780 (0.400-1.521) 0.466
“P<0.05.
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Figure 2. Kaplan-Meier curves of (A and C) overall survival and (B and D) cause-specific survival for (A and B) age and (C and D) surgery.

should be used. The Student's t-test had conditions of use. The = recode. Chemotherapy recode was also associated with
¢? test was used for discontinuous variables. In Table IT, tumor  the survival ending (the endpoint of the present study was
features and medical treatments were significantly associated  patient death, which was presented as OS and CSS, and the
with OS and CSS, with the exception of the chemotherapy  follow-up endpoint of all patients was December 31, 2014).
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Figure 3. Nomograms and calibration curves of (A and C) OS and (B and D) CSS. The C-indices for internal validation of OS and CSS prediction were 0.791 and
0.813. F, female; M, male; AES, adamantinoma of long bones; ICD.O.3, International Classification of Diseases for Oncology, 3rd Edition; ES, Ewing sarcoma;
Y, yes; N, no/unknown; P, surgery performed; NP, surgery not performed; C-index, concordance index; OS, overall survival; CSS, cause-specific survival.

The parameters age, sex and marital status (data not shown)
significantly influenced the prognosis of the patients. Finally,
11 elements (age, sex, tumor size, tumor extension, primary
site, ICD.0.3 histology, AJCC T, surgery information, radia-
tion recode, chemotherapy recode and marital status) were
further analyzed using the Cox regression model.

Multivariate Cox regression and nomogram. In the Cox
proportional hazards model, a higher hazard ratio (HR) was
noted for the parameter of older age for OS [15-39 years: HR,
2.154; 95% confidence interval (CI), 1.375-3.375; P<0.001;
>39 years: HR, 4.334; 95% ClI, 2.417-7.770; P<0.001] and
CSS (15-39 years: HR, 2.084; 95% CI, 1.316-3.300; P=0.002;
>39 years: HR, 4.121; 95% CI,2.248-7.552; P<0.001) compared
with younger age (<15 years). Larger tumor extension was
also a risk factor for OS (=300.00 mm: HR, 2.404; 95% CI,
1.366-4.230; P=0.002) and CSS (=300.00 mm: HR, 2.652;
95% CI, 1.465-4.803; P=0.001). In addition, male subjects
appeared to have poorer OS (HR, 1.654; 95% CI, 1.124-2.434;
P=0.011) and CSS (HR, 1.675; 95% CI, 1.120-2.506; P=0.012)
than female subjects. The ICD.O.3 histological results for the

higher risk subtype (Ewing sarcoma) indicated associations
with OS (HR, 19.137; 95% CI, 2.466-148.492; P=0.005),
but not with CSS (data not shown). The patients who had
undergone surgery exhibited favorable OS (HR, 0.593;
95% C1, 0.407-0.865; P=0.007) and CSS (HR, 0.561; 95% CI,
0.378-0.831; P=0.004). The patients who were treated with
chemotherapy exhibited improved OS (HR, 0.308; 95% ClI,
0.164-0.581; P<0.001), whereas the effects of chemotherapy
on CSS (HR, 0.780; 95% CI, 0.400-1.521; P=0.466) were not
identified to be statistically significant.

Based on the reduced Cox models, nomograms were built
to predict the probability of 3- and 5-year OS (Fig. 3A and C;
C-index=0.791) and CSS (Fig. 3B and D; C-index=0.813).
The calibration plots demonstrated the agreement between
predictions and observed values due to the 45-degree-line
nearby points (Fig. 3C and D). Information of the 26 cases for
external validation is shown in Table SIII and the median age
was 18 years (range, 1-51 years). The median survival time
was 22 months (range, 3-54 months; Table SIIT). The concor-
dances of external validation based on the cohort of The First
Affiliated Hospital of Zhengzhou University (Zhengzhou,
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China) were 0.834 for OS and 0.825 for CSS. Although the
results of the K-M survival analysis indicated significant
prognostic values of AJCC stage, the C-indices were 0.531
(OS) and 0.534 (CSS) for AJCC 6th edition guidelines, and
0.547 (OS) and 0.561 (CSS) for AJCC 7th edition guidelines,
respectively, which were lower than the nomograms (Fig. S1).
Additionally, the results of the K-M survival analysis indicated
that chemotherapy could not significantly prolong the survival
of the patients (Fig. S2). In the subgroup analysis, older
patients were more likely to undergo chemotherapy rather
than surgery, which might explain the poor prognosis in older
patients (Table SIV).

Discussion

Ewing sarcoma is the second most common malignant
osseous tumor occurring in children and adolescents after
osteosarcoma (2). Non-metastatic Ewing sarcoma has a favor-
able prognosis compared with the metastatic type and the
identification of its predictors is helpful to prolong OS and
CSS (6). A nomogram is a widely used prediction model that
can incorporate meaningful factors, and predict OS and CSS
of patients. In the present study, a prognostic nomogram was
constructed for patients with non-metastatic Ewing sarcoma
based on the SEER database. Furthermore, external non-meta-
static Ewing sarcoma cases from The First Affiliated Hospital
of Zhengzhou University (Zhengzhou, China) were used to
validate the nomograms in order to provide reliable prediction
models for clinical treatment.

The machine learning model (random forest) and classical
survival analysis (K-M survival curve and Cox proportional
hazards regression model) demonstrated that age, sex, tumor
extension and ICD.O.3 histology were independent prognostic
factors for both OS and CSS. Surgery was identified as a favor-
able predictor for both OS and CSS, while chemotherapy was
significantly associated with OS and could potentially influ-
ence CSS in a number of previous studies, but this was not a
significant indicator for CSS in the present study (6,8,17,18).
Other variables, namely ethnicity, tumor size, primary site,
radiotherapy and socioeconomic status (marital status), were
not observed to be independent risk factors associated with
OS and CSS.

In the present series of patients, the mean age was
20.14£13.62 years, with 375 male and 252 female subjects.
Old age and male sex were prognostic factors for OS and CSS
as determined by univariate and multivariate analyses, which
was in accordance with previously reported findings (2,18-24).
In the subgroup analysis, older patients were more likely to
undergo chemotherapy rather than surgery, which might explain
the poor prognosis in older patients (Table SIV). Therefore,
it was suspected that the poor prognosis of older patients
may be due to their low tolerance of chemotherapy (25,26).
Furthermore, the results indicated that male patients tended
to develop large tumors, which may increase the treatment
complexity (Table SIV).

Ewing sarcoma was divided into adamantinoma-like
Ewing sarcoma of long bones and Ewing sarcoma based on
its histological evaluation provided by the SEER database.
The percentages of the incidence of these tumors were 4.5
and 95.5%, respectively. Due to the lower-grade malignancy of

adamantinoma-like Ewing sarcoma, ICD.O.3 histology was a
significant variable in the current analysis, and Ewing sarcoma
exhibited a poorer prognosis than the adamantinoma of long
bones (27,28).

The tumor extension was an independent prognostic factor
for both OS and CSS in the present analysis. Based on the
results of the subgroup analysis, larger extension limited the
application of surgery, thereby leading to negative prognosis,
which was similar to the findings reported by Arshi ez al (2).

Current therapeutic strategies for Ewing sarcoma include
surgery, chemotherapy and radiotherapy, and their combined
application. Surgery is the standard treatment strategy for
Ewing sarcoma (7,12,23,24). In the present series, 76.6% of
patients underwent surgery and this treatment method was a
favorable prognostic factor for both OS and CSS. With regard
to non-metastatic Ewing sarcoma, surgery is more useful due
to the high probability of en bloc tumor resection (12,17,18).
Chemotherapy is the main treatment method for Ewing
sarcoma, which was present in ~92% of the cases comprising
non-metastatic Ewing sarcoma in the present study (7,12).
Additionally, chemotherapy has been demonstrated to be
a favorable predictor for OS (7,12). In Europe, the standard
chemotherapeutic strategy for Ewing sarcoma is vincristine,
ifosfamide, doxorubicin and etoposide (VIDE). This regimen is
safely used at a high dose and is administered bi-weekly (5,29).
It destroys any remaining tumor cells that are proliferating
slowly, and further improves patient survival time (1). In addi-
tion, in the external validation cohort of patients in the present
study, the chemotherapeutic regimen used was a VIDE regimen
in all cases. The results of the K-M survival analysis indicated
that chemotherapy could significantly prolong the survival of
the patients. Furthermore, radiotherapy has been reported to
be an appropriate regimen for local control in patients with
Ewing sarcoma (13). In the present study, non-significant
results were noted in the Cox model, which was consistent
with Gaspar et al (5), who demonstrated that radiotherapy did
not exhibit a long-term tumor control and may result in severe
side effects.

Based on the six independent variables identified using
univariate and multivariate analyses, nomograms with high AUC
and collaboration were constructed for OS and CSS in order to
predict patient survival probability at certain time points. By
external validation, they were appropriately tested and achieved
satisfying fitting degrees. The C-index was estimated to be 0.931
and 0.724 for OS and CSS, respectively, which was superior to
those for the AJCC 6th and 7th editions. Therefore, this variable
could assist clinicians in making accurate survival evaluations
and generating appropriate therapeutic strategies.

To the best of our knowledge, the present study was the first
to address the use of nomograms in the field of non-metastatic
Ewing sarcoma. The results implied the potential for clinical
application. Despite these promising results, several limitations
were present in the current study. Inaccurate variables appeared
due to the criteria discrepancy in diagnosis and treatment
methods that originated from different registries. Secondly,
the retrospective nature of the present study was a limitation
compared with a prospective study, such as a prospective
cohort study and randomized controlled trial. Thirdly, the
study lacked the detailed information for the chemotherapy and
radiotherapy protocols used in the SEER database, including the
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treatment time, dose cycle, drug type and dosage (30). Finally,
although applicable nomograms for OS and CSS have been
tested by internal and external validation protocols alongside
the calibration curves, a limited number of cases in the external
series had a relatively short follow-up time. Additional clinical
data are required to validate and revise the data presented in
the current study. In order to further analyze and improve the
application of nomograms, more strict and accurate models
that can combine the variables examined with genetic factors
are required. Subsequent studies should focus on the complex
molecular mechanisms and expression of genomic biomarkers
in order to construct more accurate nomograms.

In conclusion, age, sex, tumor extension and surgery
were independent prognostic factors for both OS and CSS.
In addition, the Ewing sarcoma subtype was a poor factor,
whereas chemotherapy was a favorable factor with regard to
OS. Nomograms based on reduced Cox models attained a
satisfying accuracy in predicting the survival of patients with
non-metastatic Ewing sarcoma and could assist clinicians in
more accurately evaluating patient survival.
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