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Abstract N
Patients diagnosed with Ewing sarcoma (ES) usually experience poor outcomes. Accurate prediction of ES patients’ prognosis is |
essential to improve their survival. Given that ES is a relatively rare tumor with a low incidence, we aim at developing a prognostic
nomogram of ES patients based on a large sample analysis.

We used the Surveillance, Epidemiology, and End Results (SEER) database to screen eligible patients diagnosed ES of bone. This
retrospective study presented the clinicopathological characteristics and prognosis of ES. We randomly assigned all ES patients to 2
sets (training set and validation set) with an equal number of patients. In order to identify independent factors of survival, we
performed univariate and multivariate Cox analysis in the training set. Then, we constructed novel nomograms to predict survival of
ES patients by integrating significant independent variables from the training set. The prognostic performance of constructed
nomograms was examined using concordance index (C-index) and calibration curves in both training and validation set.

We included a total of 988 eligible cases diagnosed ES of bone between 2000 and 2015. Age >18 years, distant metastasis, tumor
size >10cm, and no surgery were independent risk factors for poorer survival. Our survival prediction nomograms were established
based on those 4 independent risk factors. Good calibration plots were achieved in internal and external validation. The internal
validation C-indexes of the nomogram for overall survival (OS) and cancer-specific survival (CSS) were 0.733 and 0.737, respectively.
Similar good results were also achieved in external validation setting.

The established nomograms show good performance and allow for better evaluating the prognosis of ES patients and
recommending appropriate instructions.

Abbreviations: C-index = concordance index, CSS = cancer-specific survival, ES = Ewing sarcoma, ICD-O-3 = 3rd edition of
International Classification of Diseases for Oncology, OS = overall survival, SEER = surveillance, epidemiology, and end results.

Keywords: clinical tool, Ewing sarcoma, nomogram, prediction, prognosis

1. Introduction

Ewing sarcoma (ES) is the second most common primary
malignancy of the bone and often occurs in children and
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adolescents.!"! Conventional therapies against ES consist of

surgery, chemotherapy, and radiotherapy. With multidisciplin-
ary treatment modalities, the S-year survival rate for local ES has
been reported to approach 65% to 80%.1%3 However, the
survival of ES patients presenting with metastasis usually have a
poor prognosis. Approximately one-third of ES patients present
clinically with metastatic disease.l**! ES patients with metastasis
at diagnosis have a 5-year event-free survival rate between 20%
and 30%.%°! Although many variables have been determined to
have impact on the survival of ES patients, including age at
diagnosis, tumor location, tumor size, tumor stage, surgery,
chemotherapy, and radiotherapy,!*”""?! survival prediction for
ES is still difficult for clinicians. Therefore, it is necessary to
establish a prognostic model that is easily accessible and
technically feasible for survival prediction of ES patients.

Nomograms are recognized as a novel predictive tool to predict
the clinical outcomes in various cancers by incorporating
numerous predictors.'371%1 They are easy to determine the
survival and very useful for decision-making. The present study
was performed in order to establish a prognostic nomogram for
ES based on a large population, which could guide individualized
survival prediction and medical treatment.

2. Methods
2.1. Study design

All cases were obtained from the publicly available Surveillance,
Epidemiology, and End Results (SEER) database (http://www.
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Baseline demographics and clinical characteristics of 988 patients with Ewing sarcoma.

Category All patients (n=988) Training cohort (n=494) Validation cohort (n=494)
Mean age, yr 18.7 18.9 18.5
Age, yr

<18 616 (62.3%) 283 (57.3%) 291 (58.9%)

>18 372 (37.7%) 211 (42.7%) 203 (41.1%)
Gender

Female 370 (37.4%) 168 (34.0%) 202 (40.9%)

Male 618 (62.6%) 326 (66.0%) 292 (59.1%)
Location

Appendicular 435 (44.0%) 216 (43.7%) 219 (44.3%)

Axial 338 (34.2%) 170 (34.4%) 168 (34.0%)

Other locations 215 (21.8%) 108 (21.9%) 107 (21.7%)
Tumor size, cm

<5 190 (19.2%) 89 (18.0%) 101 (20.4%)

5-10 499 (50.5%) 254 (51.4%) 245 (49.6%)

>10 299 (30.3%) 151 (30.6%) 148 (30.0%)
Extent of disease

Localized 264 (26.7%) 129 (26.1%) 135 (27.3%)

Regional 418 (42.3%) 211 (42.7%) 207 (41.9%)

Distant 306 (31.0%) 154 (31.2%) 152 (30.8%)
Surgical treatment

Yes 633 (64.1%) 312 (63.2%) 321 (65.0%)

No 355 (35.9%) 182 (36.8%) 173 (35.0%)
Radiation treatment

Yes 498 (50.4%) 254 (51.4%) 244 (49.4%)

No 490 (49.6%) 240 (48.6%) 250 (50.6%)
Dead

Yes 326 (33.0%) 172 (34.8%) 154 (31.2%)

No 662 (67.0%) 322 (65.5%) 340 (68.8%)

seer.cancer.gov/). Following the 3rd edition of International
Classification of Diseases - Oncology (ICD-O-3), this retrospec-
tive study included ES cases (ICD-O-3 histologic type: 9260; ICD-
O-3 musculoskeletal site code: C40.0-40.3, C40.8-41.4, C41.8-
41.9) from 2000 to 2015.

The criteria for inclusion were listed below: diagnosis
acquired from histology; diagnosis after 2000; primary ES of
bone; and patients receiving chemotherapy. The criteria for
exclusion were listed below: diagnosis acquired from clinical
manifestation, imaging; site limited to soft tissues; and cases with
missing tumor size, tumor stage, surgery, radiotherapy, or
survival time. Finally, we randomly divided 988 ES patients into
2 sets (training set, n=494 and validation set, n=494). Patient
identification information was absent in this cancer database.
The present study used retrospective and anonymized data from
the SEER database, and was exempt from ethics committee
approval.

2.2. Clinical and outcome variables

Age at diagnosis, gender, tumor site, tumor stage, tumor size,
surgery, radiotherapy, chemotherapy, death cause, and survival
time were extracted from the cancer database. We chose 18 years
old as a cutoff point for ES patients because it was a negative
factor of survival among ES patients.'!! Outcome variables
included overall survival (OS) and cancer-specific survival (CSS).
We calculated OS as the interval from diagnosis to death from
any cause, and CSS as the interval from diagnosis to death from
EW."® The follow-up period was from the date of diagnosis with
ES to December 2015.

2.3. Construction and validation of survival nomogram

Both univariate and multivariate analyses were performed to
obtain independent variables via the Cox proportional hazards
model in the training set. We then integrated those independent
risk factors to develop nomograms. The prognostic performance
of constructed nomograms was examined using concordance
index (C-index) and calibration curves!'”! in both training and
validation sets. We performed statistical analyses with the help of
IBM SPSS Statistics 22 software and the R 3.5.0 software (http:/
WWW.r-project.org/).

3. Results

3.1. Basic characteristics

The sociodemographic and clinical characteristics of 988 ES
patients from 2000 to 2015 are presented in Table 1. There were
618 (62.6%) males and 370 (37.4%) females, and their mean age
at diagnosis was 18.7 years (training set, 18.9 years old and
validation set 18.5 years old). Tumors in 435 (44.0%) patients
were located in the limbs. Approximately one-third of ES patients
(31.0%) present with metastatic disease at diagnosis. Over half
of the ES patients received radiotherapy (50.4%) or surgery
(64.1%). Of these 988 patients, 326 (33.0%) patients died and
the 5-year OS rate was 64.7%.

3.2. Independent predictors for ES

Table 2 summarize the results of univariate Cox regression
analysis of survival in the training set. Age, tumor site, extent of
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Univariate analysis of OS and CSS in the training cohort (n=494).

Category 0S (Log-rank P CSS (Log-rank P
Age at diagnosis (<18 vs >18) <.001 <.001
Gender (female vs male) 556 341
Location .002 .001
appendicular vs axial .001 <.001
appendicular vs other location 135 175
axial vs other location 124 .078
Extent of disease <.001 <.001
Distant vs localized <.001 <.001
Distant vs regional <.001 <.001
Regional vs localized 208 245
Tumor size <.001 <.001
>10cm vs <bcm <.001 <.001
>10cm vs 5-10cm .051 .049
5-10cm vs <5cm .004 .005
Surgical treatment (yes vs no) <.001 <.001
Radiation treatment (yes vs no) .053 .076

CSS = cancer-specific survival, 0S=overall survival.

disease, tumor size, and surgery were significant variables of
predicting OS and CSS. The results of multivariate Cox analyses
in the training set are summarized in Table 3. Age >18 years,
distant metastasis, tumor size >10cm, and no surgery were
independent risk factors for poorer OS and CSS.

3.3. Nomogram construction and validation

We incorporated significant independent risk factors of survival
from the ES training set into developing survival prediction

www.md-journal.com

nomograms (Figs. 1 and 2). Extent of disease contributed most to
both OS and CSS based on survival prediction nomograms. The
prognosis of each patient can be easily predicted by summing up
the scores assigned to each predictor and correlating the total
points with the survival (Table 4).

Internal and external validation of the newly established
survival prediction nomograms was required and performed. The
C-indexes of the nomogram for OS and CSS in internal validation
(training set) were 0.733 [95% confidence interval (95% CI),
0.696-0.770] and 0.737 (95% CI, 0.699-0.775), respectively.
The C-indexes of the nomogram for OS and CSS in external
validation (validation set) were 0.702 (95% CI, 0.658-0.746)
and 0.711 (95% CI, 0.667-0.755), respectively. Good calibra-
tion plots were achieved in internal and external validation (Figs.
3 and 4).

4. Discussion

4.1. Main findings of the present study

We first identified 4 independent risk factors of survival from the
training set and then integrated them to develop survival
prediction nomograms for ES patients. These proposed nomo-
grams exhibited wonderful discrimination both internally and
externally. In addition, the calibration curves revealed good
survival prediction of the proposed nomograms.

4.2. Comparison with other studies

Our data showed that age, extent of disease, tumor size, and
surgical resection were significant independent risk factors of OS
and CSS. Age less than 18 years was significantly associated with
improved survival, which was also confirmed by other

Multivariate analysis for OS and CSS in the training cohort (n=494).

0s CSS

Variable Hazard ratio (95% Cl) P Hazard ratio (95% Cl) P
Age, yr

<18 1 1

>18 1.961 (1.438-2.674) <.001 1.863 (1.353-2.566) <.001
Gender

Female 1 .857 1 .825

Male 0.971 (0.703-1.341) 1.039 (0.740-1.458)
Location

Appendicular 1 193 1 115

Axial 1.279 (0.883-1.855) .053 1.360 (0.928-1.992) 102

Other locations 1.528 (0.995-2.347) 309 1.455 (0.929-2.281) .360
Extent of disease

Localized 1 <.001 1 <.001

Regional 1.285 (0.793-2.080) .050 1.266 (0.764-2.100) 072

Distant 3.194 (1.981-5.149) .004 3.413 (2.078-5.604) .007
Tumor size, cm

<5 1 .004 1 014

5-10 1.696 (1.000-2.878) 1.648 (0.956-2.843)

>10 2.239 (1.287-3.894) .362 2.202 (1.247-3.888) .337
Surgical treatment

Yes 1 1

No 1.690 (1.179-2.422) 1.588 (1.098-2.297)
Radiation treatment

Yes 1 1

No 1.164 (0.840-1.612) 1.178 (0.843-1.645)

(CSS = cancer-specific survival, 0S=overall survival.
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Figure 1. Nomogram for predicting 5- and 10-year OS of ES patients.
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Figure 2. Nomogram for predicting 5- and 10-year CSS of ES patients.
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Point assignment and prognostic score.

Variable 0S nomogram GSS nomogram
Age, yr
<18 0.0 0.0
>18 4.8 43
Extent of disease
Localized 0.0 0.0
Regional 5.0 5.0
Distant 10.0 10.0
Tumor size, cm
<5 0.0 0.0
5-10 2.4 2.3
>10 4.8 45
Surgical treatment
Yes 0.0 0.0
No 3.6 3.3

studies.*'%1”1 However, the precise mechanism remains un-
known. This study found axial tumor location had no
independent effect on survival in ES patients. Bacci et al™!
achieved the same result and supported our conclusion.
However, Cotterill et al®' performed multivariate analysis

www.md-journal.com

and found that ES patients with axial tumors experienced poorer
survival. The prognostic significance of axial tumor location for
ES patients needs to be investigated further. ES patients with
distant metastasis usually experienced poor prognosis, !
which was consistent with our results. Our data showed tumor
size less than 10cm was an independent variable of improved
survival, which was consistent with previous research
results.[*?122! Surgery remains the major therapy for ES and is
associated with increased survival.'"! Our multivariate analysis
identified surgery as a significant and independent variable of
prolonged survival. ES patients who performed radiotherapy
could obtain better local control and present with lower local
recurrence rates.”?*! However, our study showed that radiother-
apy was not associated with survival.

4.3. Implication and explanation of findings

We constructed the survival prediction nomograms based on four
easily accessible and independent variables (Figs. 1 and 2).
Furthermore, we validated nomograms with high discriminatory
power (C-index, 0.733 for OS and 0.737 for CSS) and good
calibration plots. Patients with high nomogram scores should be
followed closely. Taken together, our proposed nomograms can
clearly reflect the influence of each predictor and accurately
predict the prognosis of ES patients.
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Figure 3. Calibration curves compare predicted and actual OS at 5-year (A), 10-year (B), and CSS at 5-year (C), 10-year (D) in the training set.
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Figure 4. Calibration curves for 5-year (A), 10-year (B) OS, and 5-year (C), 10-year (D) CSS in the validation set.

4.4. Strengths and limitations

There are some limitations that need to be pointed out. We only
included those patients who had complete information for
survival analysis, which might generate potential selection bias.
Second, this cancer database lacks severable important variables
such as treatment procedure and gene or protein expression
differences, which might affect the prognosis. Nevertheless, the
SEER database provides an opportunity to study rare tumors
such as ES of bone. In addition, this cancer database is updated
annually to facilitate clinical research.

4.5. Recommendation and future directions

The novel nomograms provided an insightful and applicable tool
to evaluate the prognosis of ES patients. In the future, more
clinical variables should be analyzed and included to further
improve the accuracy of the nomogram models. More databases
from different countries should be applied for external validation.

5. Conclusion

The established nomograms show good performance and allow
for better evaluating the prognosis of ES patients and
recommending appropriate instructions. Nevertheless, further
research is required for validation.

Acknowledgments

Our research is based on the SEER database and we would like to
thank the SEER database for its contribution.

Author contributions

Conceptualization: Yingqing Ren.

Data curation: Feng Gao.

Formal analysis: Feng Gao, Yuanxi Zhou, Renbo Zhao.
Investigation: Feng Gao.

Methodology: Feng Gao, Yuanxi Zhou, Renbo Zhao.
Project administration: Feng Gao.

Supervision: Yingqing Ren.

Writing — original draft: Feng Gao.

Writing — review & editing: Yingqing Ren.

References

[1] Gupta AA, Pappo A, Saunders N, et al. Clinical outcome of children and
adults with localized Ewing sarcoma: impact of chemotherapy dose and
timing of local therapy. Cancer 2010;116:3189-94.

[2] Womer RB, West DC, Krailo MD, et al. Randomized controlled trial of
interval-compressed chemotherapy for the treatment of localized Ewing
sarcoma: a report from the Children’s Oncology Group. J Clin Oncol
2012;30:4148-54.

[3] Zhang J, Huang Y, Lu J, et al. Impact of first-line treatment on outcomes
of Ewing sarcoma of the spine. Am | Cancer Res 2018;8:1262-72.



Gao et al. Medicine (2020) 99:46

[4] Duchman KR, Gao Y, Miller BJ. Prognostic factors for survival in
patients with Ewing’s sarcoma using the surveillance, epidemiology, and
end results (SEER) program database. Cancer Epidemiol 2015;39:189-95.

[5] Fizazi K, Dohollou N, Blay JY, et al. Ewing’s family of tumors in adults:
multivariate analysis of survival and long-term results of multimodality
therapy in 182 patients. J Clin Oncol 1998;16:3736-43.

[6] Grier HE, Krailo MD, Tarbell NJ, et al. Addition of ifosfamide and
etoposide to standard chemotherapy for Ewing’s sarcoma and primitive
neuroectodermal tumor of bone. N Engl ] Med 2003;348:694-701.

[7] Nesbit MEJr, Gehan EA, Burgert EOJr, et al. Multimodal therapy for
the management of primary, nonmetastatic Ewing’s sarcoma of bone: a
long-term follow-up of the First Intergroup study. ] Clin Oncol
1990;8:1664-74.

[8] Lee CY, Yen CC, Yen HJ, et al. Outcomes of 50 patients with Ewing
sarcoma family of tumors treated at a single institution in Taiwan.
Medicine 2016;95:¢3830.

[9] Werier J, Yao X, Caudrelier JM, et al. A systematic review of optimal
treatment strategies for localized Ewing’s sarcoma of bone after neo-
adjuvant chemotherapy. Surg Oncol 2016;25:16-23.

[10] Arshi A, Sharim J, Park DY, et al. Prognostic determinants and treatment
outcomes analysis of osteosarcoma and Ewing sarcoma of the spine.
Spine J 2017;17:645-55.

[11] Wan ZH, Huang ZH, Chen LB. Survival outcome among patients with
Ewing’s sarcoma of bones and joints: a population-based cohort study.
Sao Paulo Med ] 2017;136:116-22.

[12] Shoubash L, Nowak S, Vogelgesang S, et al. Surgical management of an
adult manifestation of Ewing sarcoma of the spine-a case report. AME
Case Rep 2018;2:34.

[13] Fu YP, Yi Y, Huang JL, et al. Prognostic nomograms stratify survival of
patients with hepatocellular carcinoma without portal vein tumor
thrombosis after curative resection. Oncologist 2017;22:561-9.

[14] Callegaro D, Miceli R, Bonvalot S, et al. Development and external
validation of two nomograms to predict overall survival and occurrence

www.md-journal.com

of distant metastases in adults after surgical resection of localised soft-
tissue sarcomas of the extremities: a retrospective analysis. Lancet Oncol
2016;17:671-80.

[15] Song K, Shi X, Wang H, et al. Can a nomogram help to predict the overall
and cancer-specific survival of patients with chondrosarcoma? Clin
Orthop Relat Res 2018;476:987-96.

[16] Wang Z, Li S, Li Y, et al. Prognostic factors for survival among patients
with primary bone sarcomas of small bones. Cancer Manage Res
2018;10:1191-9.

[17] Wolbers M, Koller MT, Witteman JC, et al. Prognostic models with
competing risks: methods and application to coronary risk prediction.
Epidemiology (Cambridge, Mass) 2009;20:555-61.

[18] Bacci G, Ferrari S, Bertoni F, et al. Prognostic factors in nonmetastatic
Ewing’s sarcoma of bone treated with adjuvant chemotherapy: analysis
of 359 patients at the Istituto Ortopedico Rizzoli. J Clin Oncol
2000;18:4-11.

[19] Karski EE, Matthay KK, Neuhaus JM, et al. Characteristics and
outcomes of patients with Ewing sarcoma over 40 years of age at
diagnosis. Cancer Epidemiol 2013;37:29-33.

[20] Cotterill SJ, Ahrens S, Paulussen M, et al. Prognostic factors in Ewing’s
tumor of bone: analysis of 975 patients from the European Intergroup
Cooperative Ewing’s Sarcoma Study Group. ] Clin Oncol 2000;
18:3108-14.

[21] Jawad MU, Cheung MC, Min ES, et al. Ewing sarcoma demonstrates

racial disparities in incidence-related and sex-related differences in

outcome: an analysis of 1631 cases from the SEER database, 1973-2005.

Cancer 2009;115:3526-36.

Lee ], Hoang BH, Ziogas A, et al. Analysis of prognostic factors in Ewing

sarcoma using a population-based cancer registry. Cancer 2010;

116:1964-73.

Albergo JI, Gaston CLL, Parry MC, et al. Risk analysis factors for local

recurrence in Ewing’s sarcoma: when should adjuvant radiotherapy be

administered? Bone Joint | 2018;100-b:247-55.

[22

™~
“


http://www.md-journal.com

	Establishing a novel prognostic tool for Ewing sarcoma patients
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Clinical and outcome variables
	2.3 Construction and validation of survival nomogram

	3 Results
	3.1 Basic characteristics
	3.2 Independent predictors for ES
	3.3 Nomogram construction and validation

	4 Discussion
	4.1 Main findings of the present study
	4.2 Comparison with other studies
	4.3 Implication and explanation of findings
	4.4 Strengths and limitations
	4.5 Recommendation and future directions

	5 Conclusion
	Acknowledgments
	Author contributions
	References


