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Background: The objective of our study was to develop and validate a nomogram to predict
the overall survival (OS) of patients with pediatric Ewing’s sarcoma (PES).

Methods: Age, gender, race, tumor stage, tumor size, tumor site, treatment method, and
survival time were collected from patients diagnosed with PES between 2004 and 2016 from
the Surveillance, Epidemiology, and End Results (SEER) database. A total of 772 patients
were randomly allocated to a training dataset (n = 579) and a validation dataset (n = 193).
Then, univariate and multivariate analyses were performed to determine the prognostic effect
of the selected variables. A nomogram was constructed to estimate the OS and it was further
assessed using the concordance index (C-index), calibration curves, and receiver operating
characteristic (ROC).

Results: Age, race, tumor size, and tumor stage were included in the nomogram. The
C-index was 0.77 in the OS for the training dataset. The C-index for the validation dataset
of the OS prediction was 0.75. Calibration plots and ROC curves showed excellent predictive
accuracy.

Conclusion: Age, race, tumor stage, and tumor size were independent prognostic factors for
patients with PES. The nomogram showed an accurate and reliable prognostic performance
for PES patients.
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Introduction
Ewing’s sarcoma (ES), first described by James Ewing, is a malignant bone or soft-
tissue tumor that mainly affects children, adolescents, and young adults.' ES is
classically described under small round cell tumor which occurs predominantly in
leg bones and pelvis.” In the United States, the population-adjusted incidence of ES
during the 30-year study period did not significantly change and remained at the
rate of about 2.9/100,000 per year.* Previous researches have described prognostic
variables for ES.>>"% Although, in recent years, the survival rate of ES patients has
remarkably improved owing to the progress in the treatment methods, the men-
tioned rate is still low in patients with advanced cancer and the overall therapeutic
effect is unsatisfactory as well.'®'" Thus, it is highly essential to carry out further
research on early diagnosis and management of ES to improve the survival rates
and quality of life of ES patients.

Given the clinical manifestations of ES, it is urgent to develop a prognostic
model to assist clinicians to more precisely estimate prognosis of ES patients.
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Nomogram for ES is suggested as an efficient statistical
tool to predict a patient’s survival.” '> A nomogram is
considered a new prognostic tool compared with other
staging systems. Although there are nomograms for
Ewing’s sarcoma,”'' no nomogram has been reported for
pediatric Ewing’s sarcoma (PES). ES is more common in
children but relatively rare in adults. Age is an important
prognostic factor. Adults with ES have a poorer prognosis
compared to children.'>'* In addition, the existing treat-
ment-related factors are significantly different between
children and adults.'> So, the prognosis of pediatric and
adult diseases needs to be addressed separately. Therefore,
the present study aimed to develop a nomogram to esti-
mate the overall survival (OS) of PES patients.

Methods

Patient Selection

The Surveillance, Epidemiology, and End Results (SEER)
database covers approximately 30% of the US population
which could collect sufficient cases for investigation.'
PES patients diagnosed between 2004 and 2016 were
included in this study. The inclusion criteria were as fol-
lows: (1) patients with a diagnosis of PES between 2004
and 2016;
International Classification of Diseases for Oncology, 3rd
edition (ICD-0-3) code 9260/3; (3) tumor site was
selected as C40.0-C41.9; and (4) age < 20 years.
Exclusion criteria were: (1) incomplete clinicopathological

(2) histological type according to the

information (tumor stage, tumor size); (2) patients without
chemotherapy; and (3) multiple primary cancers or extra-
osseous Ewing sarcoma. As SEER is a public research
database, approval from the ethical board and informed
consent from individual patients were not required.

Variables

The variables extracted from the SEER program database
included age, gender, race, tumor stage, tumor size, tumor
site, treatment method, and survival time. Age was strati-
fied into two groups (< 14, and > 14 years), the tumor size
was stratified into two groups (< 8 and > 8 cm) using the
“Collaborative Stage (CS) tumor size (2004-2015)” vari-
able in the database, and the race was stratified into two
groups (white and back + others). To ensure a coherent
cancer staging classification across the study period, the
“SEER historical stage” was employed. It included three
clinically relevant categories: localized, regional, or distant
disease. According to the 2018 version of the Summary

Stage Manual provided by SEER (https://seer.cancer.gov/

tools/ssm/), localized indicated that the tumor was con-
fined to the cortex of the bone or extended beyond the
cortex to the periosteum (no break in periosteum), regional
indicated that the tumor extended beyond periosteum to
skeletal
muscle(s), distant indicated that tumor has spread to parts

the surrounding tissues, including adjacent
of the body remote from the primary tumor. The informa-
tion on radiotherapy and surgery was based on the vari-
ables “RX Summ-—Surg Prim Site (1998+)” and “Radiation
recode”. The anatomic location was reclassified as either
axial skeleton (pelvis, spine, and ribs) or appendicular
skeleton (long and short bones of the upper and lower
extremities).

Statistical Methods

Patients were randomly separated into a training dataset (n
= 579) and a validation dataset (n = 193) in a 3:1 ratio to
construct and validate the nomogram. The chi-square test
and Fisher exact test were used to analyze the differences
between groups. To construct a nomogram, at first, all the
variables were enrolled in the univariate Cox proportional
hazards analysis for the OS. Secondly, factors with p < 0.1
further
a multivariate Cox proportional hazards model. Thirdly,

in univariate analysis were analyzed in
a backward stepwise technique was used to select the
prognostic elements authenticated in the multivariate ana-
lysis by acquiring the minimum Akaike information criter-
ion (AIC) value. The AIC is an objective tool for selecting
various models'® and a lower AIC value suggests
a preferable model. Finally, factors that have the smallest
AIC value were included in the final model and were used
to construct a nomogram. The concordance index
(C-index) and receiver operating characteristic (ROC)
were used to evaluate the prognostic nomogram perfor-
mance. Calibration curves were constructed to determine
whether the predicted survival was consistent with the
actual survival. Statistical software R (version 3.34,

http://www.r-project.org) was applied for all data analyses,

and p-value < 0.05 indicated statistical significance.

Results

Baseline Characteristics

A total of 772 PES patients were enrolled in this study and
randomly assigned to the training dataset (n = 579) and
validation dataset (n = 193) to construct and validate

a nomogram, respectively. Of these patients, 472

6102 "

Dove!

International Journal of General Medicine 2021:14


https://seer.cancer.gov/tools/ssm/
https://seer.cancer.gov/tools/ssm/
http://www.r-project.org
https://www.dovepress.com
https://www.dovepress.com

Dove

Dai and Li

(61.14%) were male and 300 (38.86%) were female; 504
(65.28%) and 268 (34.72%) were aged < 14 and > 14
years old, respectively. Besides, 38.6% of them were diag-
nosed as localized, 32.12% as regional, and 29.27% as
a distant disease; 46.5% of the cases were categorized as
an appendicular skeleton and 53.5% as an axial skeleton.
The majority of the patients were white (88.21%). A total
of 486 patients (62.95%) underwent surgery, of whom
24.48% received radiation therapy. No significant differ-
ence was found between training and validation datasets
concerning patients’ demographic and pathological fea-
tures (Table 1).

The results of the univariate analysis suggested that age,
race, tumor stage, tumor size, tumor location, and surgery
were significantly correlated with the OS (Table 2). The
results of multivariate regression analysis revealed that only
four factors: age, race, tumor size, tumor stage were inde-

pendent prognostic factors for the OS (Table 2).

Table | Patient Demographics and Pathological Characteristics

Establishment and Verification of the
Nomogram for the OS and CSS

Independent prognostic factors were chosen using
a backward stepwise method with the AIC to reduce
information drop. After selection, age, race, tumor size,
and tumor stage were included in the final model to con-
struct a nomogram (Figure 1). The nomogram endows
each predictor with a point (Table 3). The C-index was
0.77 (95% CI, 0.74 to 0.80) in the OS for the training
dataset, and the C-index was 0.75 (95% CI, 0.68 to 0.82)
in the OS for the validation dataset. For the training
dataset, the 3, and 5-year AUC values of the nomogram
of the OS were 0.82 and 0.81, respectively (Figure 2). For
the validation dataset, the 3- and 5-year AUC values of the
nomogram of the OS were 0.77 and 0.76, respectively
(Figure 3). Calibration plots for 3- and 5-year OS demon-
strated good consistency between actual survival and
nomogram prediction (Figures 4 and 5).

Characteristics Total (n,%) Training Cohort (n,%) Validation Cohort (n,%) P
Age 0.26
<14 504(65.28) 385(66.49) 119(61.66)
>|4 268(34.72) 194(33.51) 74(38.34)
Sex 0.35
Male 472(61.14) 348(60.1) 124(64.25)
Female 300(38.86) 231(339.9) 69(35.75)
Race 0.95
Black + Other 91(11.79) 69(11.92) 22(11.4)
White 681(88.21) 510(88.08) 171(88.6)
Seerstage 0.71
Localized 298(38.6) 221(38.17) 77(39.9)
Regional 248(32.12) 184(31.78) 64(33.16)
Distant 226(29.27) 174(30.05) 52(26.94)
Tumor site 0.53
Appendicular 359(46.5) 265(45.77) 94(48.7)
Axial 413(53.5) 314(54.23) 99(51.3)
Tumor size 0.90
<8 cm 459(59.46) 343(59.24) 116(60.1)
>8 cm 313(40.54) 236(40.76) 77(39.9)
Surgery 0.50
Yes 486(62.95) 369(63.73) 117(60.62)
No 286(37.05) 210(36.27) 76(39.38)
Radiation 0.051
No 583(75.52) 448(77.37) 135(69.95)
Yes 189(24.48) 131(22.63) 58(30.05)
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Table 2 Univariate and Multivariate Analyses of Overall Survival in the Training Set

Characteristics Univariate Analysis P Multivariate Analysis P
HR(95% CI) HR(95% CI)
Age
<|4 Reference group Reference group
>14 1.75(1.28-2.38) <0.05 1.24(1.02-1.72) <0.05
Sex
Male Reference group
Female 0.9(0.66—1.24) 0.52
Race
Black + Other Reference group Reference group
White 0.65(0.42-1) 0.052 0.61(0.39-0.96) <0.05
Seerstage
Localized Reference group Reference group
Regional 2.01(1.21-3.34) 0.07 1.5(0.89-2.51) 0.126
Distant 6.7(4.2-10.67) <0.05 4.03(2.46-6.61) <0.05
Tumor site
Appendicular Reference group Reference group
Axial 1.68(1.22-2.32) <0.05 1.25(0.9-1.74) 0.183
Tumor size
<8 cm Reference group Reference group
>8 cm 4.35(3.07-6.17) <0.05 3.17(2.2-4.56) <0.05
Surgery
Yes Reference group Reference group
No 2.21(1.62-3) <0.05 1.31(0.94-1.82) 0.11
Radiation
No Reference group
Yes 1.09(0.77—1.55) 0.633
Discussion survival of ES patients who aged < 15 years old was

This study aimed to develop a nomogram for predicting
the OS in PES patients. The C-index and the area under
the curve (AUC) values indicated an excellent diagnostic
performance in both the training and validation datasets.
The calibration plots showed that the constructed nomo-
gram accurately predicted the OS. This nomogram can be
used for clinical assessment of PES patients and determi-
nation of the prognosis. It revealed that age, race, tumor
size, and tumor stage affected the prognosis of PES
patients.

Several studies correlated age with the prognosis of
sarcomas.>®®!7 Stiller et al found that the two-year

55% during 1980 to 1982, and reached 85% from 1989
to 1991."® Linabery et al demonstrated that patients aged
15—19 years old had notably lower 5-year rates compared
with their younger counterparts.'” Cotterill et al reported
that tumor site and age (< 15 vs >15 years old) had
a significant influence on event-free survival.® In the cur-
rent study, we noted that age is one of the key prognostic
factors for young patients with PES.

The incidence of ES in patients of the white race was
found to be the highest. The biological behavior of tumors
can be markedly affected by genetic factors.'> About 80%
of Europeans carry at least one copy of the variant allele
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Figure | Nomograms for predicting the 3- and 5-year overall survival of pediatric Ewing’s sarcoma. Description using nomograms: First, each feature point of the patient is
assigned by plotting a vertical line to a point scale from the variable. Then, sum all the points and draw a vertical line from the total point scale to the liver metastasis axis to

obtain the probability.

(EWSRI-FLI1) in their germline DNA, while this muta-
tion is rare in African populations.?’ Davenport et al and
Worch et al reported that the white patients had longer

2122 which is con-

survival than patients with other races,
sistent with the results of the present research. Duchman

et al® found that patients of the black race were at a higher

Table 3 Detailed Scores of Prognostic Factors in the Overall
Survival Nomograms

Characteristics OS Nomogram
Age

<|4 0
>|4 15.58
Race

Black + Other 34.56
White 0
Tumorsize

<8 cm 0

>8 cm 76.72
Seerstage

Localized 0
Regional 28.64
Distant 100

risk of metastasis. Ethnic-based differences also play an
important role in the appearance and progression of ES.

Previous studies indicated that advanced tumor stage
and larger tumor size were associated with a poor 0S.>*
Lee et al pointed out that tumor size could affect survival
rate, and tumor size > 8 cm was associated with poorer
survival than that of < 8 cm.** Leavey et al found that
prognosis was substantially worsened in patients with
tumor size > 8 cm and the recurrence rate of ES was
correlated to the tumor size.” Larger tumor size is more
likely to be associated with metastatic disease. These pre-
viously achieved findings were consistent with the results
of the current study.

ES is an aggressive primary bone tumor, predomi-
nantly influencing children and young adults. Studies
reported the occurrence of ES in approximately 18.4—
32% of patients with a history of metastatic disease.>® In
the present research, 29% of PES patients had a history of
metastasis before the initial diagnosis. Esiashvili et al
reported that over the past three decades, the survival
rate of patients with metastases was raised.® Although
great progress has been made in the treatment of ES, the
5-year survival rate of ES patients with a history of metas-
tasis is still insignificant.>>*® To date, little is known about
risk factors related to higher odds of metastasis at initial
diagnosis in ES patients.”” Our results revealed that PES

International Journal of General Medicine 2021:14

https:

6105

Dove:


https://www.dovepress.com
https://www.dovepress.com

Dai and Li Dove

AUC of OS
o | o
)
2
o
» S
=
b / et
z
B« Pt
p
"
a
—— AUC of 3 year: 0.82
2 - L AUC of 5 year: 0.811
7 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

Figure 2 AUC values of ROC predicted overall survival in the training set.
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Figure 3 AUC values of ROC predicted overall survival in the validation set.
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Figure 5 Validation cohort calibration plot. (A) 3-Year and (B) 5-year overall survival nomogram calibration curves. The 45-degree line represents an ideal match between
the actual survival (Y-axis) and nomogram-predicted survival (X-axis). The perpendicular line means 95% confidence intervals.

patients in distant-stage had poorer OS than those with
localized or regional stages. Thus, it is crucial to diagnose
and treat tumors at an early stage to improve the survival
rate.

The treatment approaches for ES have evolved over the
recent decades. Chemotherapy, radiotherapy, and surgery
have been employed in the systemic treatment of ES.
Chemotherapy is the most important therapeutic method for
the management of the ES. 282 Chemotherapy is often given
before local treatment. Preoperative chemotherapy can
improve the efficacy of surgical resection for ES and can
simultaneously restrain tumor growth.”® Surgery and radio-
therapy are integral components of the treatment of localized
ES. The results of our study revealed that surgery and radia-
tion therapy were not independent prognostic factors.
However, according to the findings of univariate analysis,
patients who were not treated with surgery had 2.2 times
higher risks of death. This may be related to the fact that the
effects of local therapy depend on the tumor size, tumor site,
tumor stage, and age which could act as confounders.

Using the nomogram, doctors could conveniently and
precisely predict an individual patient’s survival probabil-
ity. An example is as follows: Consider a 15-year-old
(15.58 points) white patient (0 points) with a tumor size
of 6 cm (0 points) with the regional stage (28.64 points).
The point total is 44.22 in the nomogram we established.
The 3-year and 5-year OS predictions for this patient
would be 91% and 86%, respectively. In addition,
a nomogram can be used to handle complex situations
when there is no clear clinical guidance. The nomogram
can be used to guide clinical decision-making and to
evaluate overall survival, thereby facilitating a more
rational allocation of medical resources. For the patients
with low life expectancy, chemotherapy could be chosen
because they are unlikely to benefit more from the surgery.

The present study contains several limitations. First, the
retrospective nature of this study might have resulted in selec-
tion bias. Second, there is an absence of some parameters in
the SEER database that are important for predicting prog-

noses, such as tumor markers, surgical margins, local and
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distant recurrence, regional nodal disease, and details of
metastasis site. Third, although the C-index and AUC values
were promising in the validation dataset, if another dataset
could be used for external validation, the results might be more
reliable. Despite these shortcomings, the constructed nomo-
gram is clinically significant, effective, and can meaningfully
assist clinicians in the assessment of patients’ survival.

Conclusions

Age, race, tumor stage, and tumor size are independent
prognostic factors for patients with PES. Based on these
variables, we constructed a nomogram to predict the OS
that showed an accurate and reliable prognostic perfor-
mance for PES patients.
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