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ABSTRACT

Objective: This study was designed to develop a nomogram for assessing the survival of patients with Ewing
sarcoma (ES).

Methods: Data from patients diagnosed with ES between 2004 and 2013 were collected from the Surveillance,
Epidemiology, and End Results (SEER) database. Based on patient registration, the primary cohort was divided
into a training set (n = 479, data from 17 cancer registries) and a validation set (n = 137, data from 1 cancer
registry). Then, the prognostic effects of variables were analyzed using Kaplan-Meier method and Cox pro-
portional hazard model. Moreover, nomograms were established for estimating 3- and 5-year overall survival
(0S) and cancer-special survival (CSS) based on Cox regression model. Last, nomogram was validated by training
set and validation set.

Results: According to the multivariate analysis of training set, nomogram which combined age, race, stage,
tumor site, tumor size and chemotherapy was identified. The internal bootstrap resampling approach suggested
the nomogram had sufficient discriminatory power with the C-index of OS: 0.754 (95% CI, 0.705-0.802) and
CSS: 0.759 (95% CI, 0.700-0.800). The calibration plots also demonstrated good consistence between the
prediction and the observation.

Conclusion: Our nomogram is a reliable and powerful tool for distinguishing and predicting the survival of ES
patients, thus helping to better select medical examinations and optimize treatment options in collaboration with

medical oncologists and surgeons.

1. Introduction

Ewing sarcoma (ES), first proposed by James Ewing in 1921 [1], is a
small round cell highly malignant sarcoma. It is the second most
common primary malignant osseous sarcoma in children and adoles-
cents [2]. With the progress of the multi-model treatment, including
chemotherapy, surgery and radiotherapy, the 5-year overall survival
rate for local disease improved from approximately 10% to 55-65%
[3,4,5,6].

Previous studies revealed that clinically relevant prognostic factors
and clinical features including age [7,8], tumor site [8,9], tumor size
[9,10], the use of surgery [7,11], radiotherapy [8,9] and chemotherapy
[12] had been declared as independent prognostic factors for patients
with ES. However, the survival rate is influenced by many factors, and
no one single thing can accurately predict the survival of ES. As a result,
to build an prognostic prediction model, it can integrate all significant
prognostic factors to accurately predict the survival of ES.

Nomograph is a simple predictive tool, which has been constructed
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in several tumors and proven to be effective [13,14,15]. Convenient, in
the form of the nomogram, graphical representation to allow easy and
fast to get the forecast in practice. By integrating all sorts of important
factors, the graph provides a personalized estimate of the probability of
events, such as the incidence of individual disease or the probability of
death. Thus, the nomograph has become a reliable instrument for
predicting many cancer clinical results.

Clinical information of ES patients was obtained from the
Surveillance, Epidemiology, and End Results (SEER) dataset between
2004 and 2013 that allowed detailed analyses of survival of ES. The
SEER database comprises 18 population-based cancer registries and
represents 28% of US population [16]. To our knowledge, this study
was the first attempt to build a prognostic nomogram for ES based on
the clinicopathological data of 616 patients, to determine whether this
model provides accurate prediction of patient survival and which
clinicopathological characteristics are independently associated with
survival of ES patients.
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2. Methods
2.1. Patient selection

All the data were collected from the Surveillance, Epidemiology,
and End Results (SEER) database. The SEER database comprises 18
population-based cancer registries and represents 28% of US population
[16].

Data for patients diagnosed with ES were obtained from the SEER
Program. The inclusion criteria were as follows: (1) diagnosed as ES
with ICD-O-3/WHO 2008 morphology codes 9260; (2) diagnosed be-
tween 2004 and 2013; (3) primary site was selected as C400-419, de-
scribed in previous study [17]; (4) complete follow-up. The exclusion
criteria were as follows: (1) survival months less than one months; (2)
unknown tumor size, SEER stage and race; (3) exclude multiple primary
cancers.

2.2. Prognostic variables

Data were assembled from the SEER program on patient age,
gender, race, ethnicity, tumor stage, tumor site, tumor size, surgical
use, radiotherapy, chemotherapy, and survival time. Patient age and
tumor size were stratified into three groups, using the X-tile program to
get the best cut-off points (Fig. 1). Then we divided tumor size into
three groups, < 71 mm, 71-115mm and > 115 mm. And the age was
divided into three groups, < 13 years, 13 to 28 years, and > 28 years.
Also, the SEER database did not record the exact location of the bone.
Therefore, we classified patients involved “the upper and lower limbs as
appendicular”, while patients coded with "the pelvis, spine, ribs, or
scapula" as axial. SEER stage was categorized as localized, regional, and
distant with the use of SEER Program Coding and Staging Manual [18]
for bone sarcomas. Localized disease was defined if a tumor was con-
fined to the periosteum, and regional disease was defined if a tumor
extended beyond the periosteum without distant metastasis. And dis-
tant stage involved distant and further contiguous extension metastasis.
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2.3. Nomogram construction and validation

We extracted the following variables into this research: age, gender,
race, ethnicity, tumor stage, tumor site, tumor size, surgical use,
radiotherapy and chemotherapy. These demographics and disease fea-
tures of the different group of patients were compared using the chi-
square test, as needed. Survival curves were applied using the
Kaplan-Meier method, and the log-rank test was used to test differences
between the groups. By the forward stepwise in the Cox proportional
hazards regression model, all the independent risk factors were iden-
tified. Then, based on the data of the training set, a nomogram model is
established. Ground on the results of the multivariate analyses, a no-
mogram was constructed that combined all independent prognostic
factors to predict OS and CSS for 3 and 5 years. To validate the no-
mogram, we measured both internally (from 17 cancer registries) and
externally (from 1 cancer registry) by discrimination and calibration.
An index of concordance (C-index) between predicted probability and
observed outcome was determined to evaluate the predictive perfor-
mance. Comparisons between nomograms and SEER stage were per-
formed using the rcorrp.cens package in Hmisc in R and were evaluated
by the C-index. We constructed a calibration plot to determine whether
the predicted survival is consistent with the actual survival. The best
cut-off points were identifed by X-tile X-tile program (Yale
University,New Haven, CT, USA). The SEER database was analyzed via
SEER*Stat software (Version 8.3.5; NCI, Bethesda, USA). All statistical
analyses were performed by the statistical software package SPSS for
Windows, version 22.0 (IBM Corporation, Armonk, NY, USA) and the R
software version 3.13 (http://www.r-project. org/). P-value of < 0.05
was expected as statistically significant.

3. Results
3.1. Patient characteristics
According to the inclusion criteria, 616 patients with ES were as-

sembled from the SEER database (2004-2013) and were assigned to the
training cohort (n = 479) and the validation cohort (n = 137). Table 1
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Fig. 1. (A-F) The graphs show defining the optimal cutoff values of age and tumor size via X-tile analysis. (A, D) The black dot indicates that optimal cutoff values of
age and tumor size have been identified. (B, E) A histogram and (C, F) Kaplan-Meier were constructed based on the identified cutoff values. Optimal cutoff values of
age and tumor size were identified as 13 years and 28 years, 71 mm and 115 mm based on survival, respectively.
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Table 1
Clinicopathological variables for patients.
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Table 2
Univariate and multivariate analyses of CSS in training cohort.

Characteristic Training Validaton Total P Characteristic Univariate Multivariate analysis

cohort cohort analysis

N= N= N=

No. (%) No. (%) No. (%) P HR (95%CI) P
Age 0.990 Age < 0.001
<13 132 (27.6%) 38 (27.7%) 170 (27.6%) <13 Reference
13-28 279 (58.2%) 79 (57.7%) 358 (58.1%) 13-28 1.410 (0.939-2.118)  0.097
> 28 68 (14.2%) 20 (14.6%) 88 (14.3%) > 28 4.079 (2.589-6.427) < 0.001
Gender 0.714 Gender 0.025
Male 303 (64.0%) 89 (65.0%) 392 (63.6%) Male Reference
Female 176 (36.7%) 48 (35.0%) 224 (36.4%) Female 0.844 (0.617-1.155)  0.288
Ethnicity 0.781 Ethnicity 0.832
Spanish-Hispanic-Latino 106 (22.1%) 52 (38.0%) 158 (25.6%) Spanish-Hispanic-Latino
Non-Spanish-Hispanic-Latino 373 (77.9%) 85 (62.0%) 458 (74.4%) Non-Spanish-Hispanic-Latino
Race 0.901 Race 0.004
White 432 (90.2%) 122 (89.1%) 554 (89.9%) White 2.783 (1.496-5.178)  0.001
Black 14 (2.9%) 4 (2.9%) 18 (2.9%) Black 1.418 (0.865-2.325) 0.166
other 33 (6.9%) 11 (8.0%) 44 (7.1%) other
Stage 0.083 Stage < 0.001
Localized 143 (29.9%) 29 (21.2%) 172 (27.9%) Localized Reference
Regiinal 192 (40.1%) 56 (40.9%) 248 (40.3%) Reginal 1.550 (0.961-2.499)  0.072
Distant 144 (30.1%) 52 (38.0%) 192 (31.8%) Distant 3.670 (2.307-5.841) < 0.001
Tumorsite 0.721 Tumor site < 0.001
Axial 160 (33.4%) 48 (35.0%) 294 (33.8%) Axial Reference
Appendix 319 (66.6%) 89 (65.0%) 322 (66.2%) Appendix 0.732 (0.537-0.996)  0.047
Tumorsize 0.687 Tumor size < 0.001
<71 198 (41.3%) 51 (37.2%) 249 (40.4%) <71
71-115 159 (33.2%) 49 (35.8%) 208 (33.8%) 71-115 1.400 (0.978 0.066
> 115 122 (25.5%) 37 (27.0%) 159 (25.8%) —2.005)
Surgery 0.798 > 115 1.988 (1.376-2.871) < 0.001
Yes 309 (64.5%) 90 (65.7%) 399 (64.8%) Surgery < 0.001
No 170 (35.5%) 47 (34.3%) 217 (35.2%) Yes Reference
Radiotherapy 0.481 No 1.243 (0.905-1.708) 0.179
Yes 122 (25.5%) 39 (28.5%) 161 (26.1%) Radiotherapy < 0.001
No 357 (74.5%) 98 (71.5%) 455 (73.9%) Yes Reference
Chemotherapy 0.999 No 0.823 (0.610-1.110) 0.201
Yes 465 (97.1%) 133 (97.1%) 598 (97.1%) Chemotherapy < 0.001
No 14 (2.9%) 4 (2.9%) 18 (2.9%) Yes Reference

No 3.288 (1.797-6.016) < 0.001

Other, American Indian/AK Native, Asian/Pacifc Islander; NSHL, Nonspanish-
Hispanic-Latino.

summarized the sociodemographic and clinicopathological features of
patients in the training and validation cohort. There was no statistical
difference between the two sets.

3.2. Prognostic nomograms for OS and CSS

For the training cohort, 479 patients were enrolled in univariate and
multivariate analyses to identify risk factors of OS and CSS. As shown in
Tables 2 and 3, age, gender, race, stage, tumor site, tumor size, surgery
and chemotherapy were found to be associated with OS and CSS in
univariate analyses using the Kaplan-Meier method and were then
compared using the log-rank test (p < 0.05). To control potential con-
founding variables, the multivariate analysis showed that four variables
were independent prognostic factors for CSS, including age, race, stage,
tumor site, tumor size and chemotherapy (Table 2). Five variables were
also independent predictive factors for OS, including age, race, stage,
tumor size and chemotherapy (Table 3).

3.3. Construction and validation of the nomograms

Throughout the study cohort, all independent predictors of OS and
CSS were integrated into the nomogram. Age, race, stage, tumor site,
tumor size and chemotherapy were included as prognostic predictors in
the nomograms (Fig. 2). By adding the scores for each selected variable,
the probability of patient individual survival can be easily calculated.
Analysis of the internal validation cohort showed C-indices values (OS:
0.754, 95% CI, 0.705-0.802; CSS: 0.759, 95% CI, 0.700-0.820) and

Other, American Indian/AK Native, Asian/Pacifc Islander; NSHL, Nonspanish-
Hispanic-Latino.

external validation (0S:0.715, 95% CI, 0.634-0.795; CSS: 0.731, 95%
CI, 0.650-0.812). Internal and external calibration curves demonstrated
prominent accordance between predicted and observed values of 3-,
and 5-year OS and CSS (Fig. 3). In addition, the nomograms built in
current study also revealed more powerful efficiency of discrimination
for both OS and CSS prediction contrasted with the SEER stage
(Table 4). As an example, a patient with ES a 5-year survival rate of
40% estimated with a nomogram with a C-index of 0.759 needs to be
explained in this way; “at 5 years, you have a 40% survival rate, using a
method that can tell alive versus death 75.9% of the time”.

4. Discussion

The present study was undertaken to update our current knowledge
about the survival of ES. We need to establish an effective prediction
model that can be used as tools for individualized prediction of patient's
survival outcome. Nomogram is a graph of mathematical models, and it
incorporates biology and clinical variables to determine the probability
of clinical events. We identified several independent prognostic factors
of ES patients and built a nomogram to effectively and visually predict
the OS and CSS. The nomograms which came out of a retrospective
collection of data from the SEER dataset of 616 patients, showing fa-
vorable differentiation and calibration. It is noteworthy that the study
population was composed of patients diagnosed with ES between 2004
and 2013 from the SEER program, not all patients from 2013 have a full
5 years. We have a shorter observation time for those patients and
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Table 3
Univariate and multivariate analyses of OS in training cohort.

Characteristic Univariate Multivariate analysis

analysis

P HR (95%CI) P
Age < 0.001
<13 Reference
13-29 1.481 (0.988-2.219) 0.057
> 29 4.467 (2.854-6.992) < 0.001
Gender 0.035
Male Reference
Female 0.866 (0.638-1.176) 0.357
Ethnicity 0.980
Spanish-Hispanic-Latino
Non-Spanish-Hispanic-Latino
Race 0.002
White Reference
Black 2.901 (1.599-5.263) < 0.001
other 1.344 (0.821-2.200) 0.240
Stage < 0.001
Localized Reference
Reginal 1.522 (0.960-2.414) 0.074
Distant 3.507 (2.239-5.495) < 0.001
Tumor site < 0.001
Axial Reference
Appendix 0.750 (0.555-1.015) 0.062
Tumor size < 0.001
<71 Reference
71-115 1.472 (1.937-2.090) 0.030
> 115 2.020 (1.406-2.901) < 0.001
Surgery < 0.001
Yes
No 1.221 (0.894-1.667) 0.208
Radiotherapy < 0.001
Yes Reference
No 0.797 (0.595-1.069) 0.129
Chemotherapy < 0.001
Yes Reference
No 3. 506 (1.960-6.272) < 0.001

Other, American Indian/AK Native, Asian/Pacifc Islander; NSHL, Nonspanish-
Hispanic-Latino.

these subjects may or may not experience the event in that short sti-
pulated time. Therefore, the Kaplan-Meier estimate was taken to
computing the survival over time in spite of all these difficulties asso-
ciated with subjects or situations [19].

Age was identified as an important survival factor for OS and CSS of
patients with ES in several studies [7,8,11], although the precise me-
chanism remains unclear. This can be partly explained more prone to
elderly patients with metastatic disease, and due to low tolerability
accept lower doses of chemotherapy [20]. Other possible reason [7]
may be that they have not been studied, such as getting care, delaying
expression and level of care, and explaining why older people are worse
than young people. In the present study, we indicated that patients
older than 28 years have a lower OS and CSS than patients younger
than 13 years old. It is noteworthy that there was no significant survival
difference between patients < 13 years and 13-28 years of age. Our
study uses 13 and 29 years of age may be not the optimal cut-off points
to find a clear association between age and survival.

In comparison to previous studies [8,21,22], we also have found a
positive association among large tumor size, axial involvement and
metastatic disease. Our multivariate analysis revealed that larger size
(> 115mm) and the axial confers a poor prognosis. And a clear asso-
ciation between OS and primary tumor location could not be found.
Leavey et al. [23] reported that poor prognosis is observed for large
tumors defined by > 80 mm in diameter and recurrent ES tumors are
more likely to bigger size, however measured and whatever the treat-
ment. Larger tumor size and axial primaries may often be associated
with metastatic disease, both of which have proven to be risk factors for
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reduced survival [10]. Cotterill et al. [4] analyzed that poor prognostic
factors were concluded to tumor size of 100 mL or more, axial primaries
and metastasis at diagnosis, and they also draw a conclusion that pelvic
primaries or larger tumors had a high association with metastatic dis-
ease. In addition, metastasis at diagnosis has been shown to have a
direct impact on overall and cancer-specific mortality [24]. Indeed,
Ewing sarcomas are an invasive type of tumors with high local recur-
rence and distant metastasis [25]. Approximately 20-32% of patients
present with metastases at diagnosis that are often resistant to intensive
therapy [26,27]. The most common first metastatic site is the lung
(70-80%), followed by bone (40-45%) [28]. Although the current
protocol has been improved, the 5-year OS range for patients with
metastatic ES is 20-35% [29,30]. This conclusion was similar to that of
our study which showed that patients with metastasis at diagnosis were
more likely to have poor OS and Ewing-specific survival. At the time of
diagnosis, approximately 31% of ES patients have metastatic disease.

ES is currently treated in a multidisciplinary manner involving
chemotherapy, surgery, and radiotherapy. Treatment in relation with
survival was evaluated by several studies which showed discordant
results. Radiation therapy has been controversial, because current
knowledge is based on conflicting results from observational studies
[31,32,33]. Lee et al. [7] specifically demonstrated that patients who
accept radiotherapy have a better OS compared to who don't accept.
Other studies [8,34] investigated that radiotherapy versus no radio-
therapy could not confirm a clear relation between the use of radio-
therapy and OS. In current study, we also could not draw a conclusion
that radiotherapy was not found to be independently associated with
OS or CSS. The tumor origin, site, size as well as patients’ age and sex
might be possible reasons for this controversy. The other thing to
consider was that the radiosensitivity of ES, which is noted based on the
surrounding structures [30]. Also, the radiation therapy caused a high
incidence of local recurrence [35] and an increased risk of late effects
[36]. Today, radiotherapy was only advised for inoperable lesions, with
a recommended dose of 54 to 55 Gy to the tumor with a 2-cm security
margin [37]. Moreover, the previous studies [7,11] found that com-
pared with patients who did not undergo surgery, patients received
surgery for local treatment have a better OS. These results were how-
ever not confirmed in two other studies [28,38]. The relationship be-
tween surgical treatment and survival in ES patients was still incon-
clusive [12]. In our multivariate model, surgical intervention including
excision and limb salvage procedures lost significance when compared
with no surgery. For patients diagnosed with Ewing's sarcoma of bone,
chemotherapy is the standard of care for initial treatment [3,20,39]. We
found that the overall survival of the chemotherapy group increased by
six months compared with the non-chemotherapy group and multi-
variate analysis indicated that chemotherapy was an independent
prognostic factor. The actual evidence showed that in patients with
Ewing's sarcoma of bone following neo-adjuvant chemotherapy has
greatly improved 5-year overall survival rates from about 25% to 60%,
with reported recurrence rates ranging from 15% to 30% [40,41,42] in
patients with localized disease. Over the years, many trials address the
efficacy of multiple drugs, including doxorubicin, vincristine, cyclo-
phosphamide, ifosfamide, etoposide, and actinomycin, as well as es-
tablished prognostic factors that are now used in customized therapies
[30]. Granowetter et al. [43] confirmed that the addition of ifosfamide
and etoposide to vincristine, doxorubicin and cyclophosphamide sig-
nificantly improved event-free and overall survival in patients with
nonmetastatic ES of bone. Unfortunately, it had much less effect on the
survival of patients with metastases at diagnosis [38]. Therefore, che-
motherapy can be recommended as the primary treatment for ES pa-
tients or as part of a multidisciplinary approach to operable patients.
These findings should be taken into account in the formulation of
treatment options and support the role of chemotherapy.

Based on the risk function of multivariate analysis, we established
the first nomogram to predict survival in ES patients. Based on multi-
variate analysis, we established the first nomogram to predict the 3- and



Q. Zhou, et al.

A

Journal of Bone Oncology 15 (2019) 100223

0 10 20 30 40 50 60 70 80 90 100
Points L : p ? N ) L L L " s
13-28
ta 13 ‘ 28
< >
Black
Race WH . o 'h
Ite .
I Regional
Stage = : ==
Localized : Distant
. Axial
umorsite r . h
Appendix
71115
Tumorsize ,71 - i 15
<
Yes
Chemotherapy r )
No
Total Points T T T T T T T ]
0 50 100 150 200 250 300 350
3-year survival r T v r T v v r .
09 08 07 06 05 04 03 02 01
5-year survival T T T T T T T r )
09 08 07 06 05 04 03 02 01
0 10 20 30 40 50 60 70 80 90 100
Points : : : - g 5 A : !
13-28
Age r ]
<13 >28
Black
Race =
White Other i
Regional
Stage = * =
Localized Distant
71-115
Tumorsize r ,
<f] >115
Yes
Chemotherapy r d
No
Total Points r T T T T T T ]
0 50 100 150 200 250 300 350
3-year survival r v v T v T v T )
09 08 07 06 05 04 03 02 01
5-year survival r T T T T T T ,
09 08 07 06 05 04 03 02 01

Fig. 2. Nomograms for predicting the 3-, and 5-year overall survival (A) and cancer-specific (B) survival of ES patients. 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.

5-year OS and CSS for ES patients. The nomogram was assessed by C
index, which ranged from 0.5 to 1.0, indicating that the predicted
survival rate was more consistent with the actual survival rate [13]. The
C-indices for CSS and OS prediction in the training cohort were 0.759
and 0.754, respectively. C-indices for OS and CSS prediction in the
validation cohort were 0.755 and 0.713, respectively. Calibration plots
revealed a good agreement between prediction and observation. In
addition, our nomogram displays better discrimination power for pre-
dicting OS and CSS than do the SEER stage.

The study currently has the following limitations. First, information
on the serum levels of lactate dehydrogenase (LDH), alkaline phos-
phatase (ALP) and carcinoembryonic antigen (CEA), which is the most
widely used sarcoma marker, as well as some positive variables asso-
ciated with prognoses, such as surgical margin status and detailed plan
of radiotherapy and chemotherapy, was unavailable in the SEER da-
taset. Second, considering that the study was retrospective, some pa-
tient data was inevitably lost. This may reduce the number of qualified
cases and it may lead to the risk of potential selection bias. Third,

If another model of nomograph used independent large-scale data

set for external validation, our results will be more reliable; this would
verify whether our results are universally applicable. Despite these
limitations, our prognostic nomograms are an important and effective
model for accurately predicting individual survival outcomes in pa-
tients with ES.

5. Conclusion

We comprehensively identified independent prognostic factors for
ES, including age, race, seer stage, tumor size, and chemotherapy.
Based on these variables, nomograms were validated as a useful tool for
risk assessment and survival prediction in ES patients. We hope that our
results will facilitate advances in individual treatment by quantitatively
analyzing survival predictors.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.jb0.2019.100223.
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Fig. 3. (A-H) The graphs show the calibration plots for internal validation of (A) actual 3-year cancer special survival and (B) 3-year overall survival; (C) actual 5-
year cancer special survival and (D) actual 5-year overall survival; and external validation of (E) actual 3-year cancer special survival and (F) 3-year overall survival;
and (G) actual 5-year cancer special survival and (H) 5-year overall survival. 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. Closer distances from the points to the dashed line indicate higher

prediction accuracy.

Table 4
C-indexes for the nomograms and seer stage in patients with ES.

Survival Training set Validation set
C-index 95%CI P C-index 95%CI P
CSS < 0.001 < 0.001
Nomogram 0.759 0.700-0.820 0.731 0.650-0.812
SEER stage 0.679 0.618-0.741 0.649 0.568-0.731
0s < 0.001 < 0.001
Nomogram 0.754 0.705-0.802 0.715 0.634-0.795
SEER stage 0.672 0.623-0.721 0.653 0.572-0.734

HR: hazard ratio, CI: confidence interval.
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