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Abstract 

Background  Ewing sarcoma (EWS) is a malignancy which primarily arises in adolescence and has been studied 
extensively in this population. Much less is known about the rare patient cohort over the age of 40 at diagnosis. In this 
study, we describe the survival outcomes and clinical characteristics of this population.

Methods  This retrospective cohort study utilized the National Cancer Database (NCDB) to identify 4600 patients 
diagnosed between 2004 through 2019. Of these patients, 4058 were under the age of 40 and 542 were over 40. 
Propensity score 1:1 matching was performed according to sex and race. Univariate and multivariate logistic regres-
sion was performed to generate odds ratios (OR) and a Multivariate Cox regression model was used to generate 
a hazard ratio (HR) for patients over 40. Kaplan–Meier curves were used to estimate survival from diagnosis to death 
between age groups. Chi-square tests were used to compare demographic and socioeconomic patient characteris-
tics. IBM statistics version 27.0 was used. p < 0.05 was used to indicate statistical significance.

Results  EWS patients older than 40 experienced worse survival outcomes compared to patients under the age of 40. 
5-year survival was 44.6% for older patients vs. 61.8% for younger patients (p < 0.05). A multivariate Cox proportional 
hazards model showed that age was independently associated with inferior survival. (HR 1.96; p < 0.05). EWS patients 
over the age of 40 were more likely to have tumors originating from the vertebral column (16.1% vs 8.9%; p < 0.05) 
and cranium (5.3% vs. 2.9%; p < 0.05) and had a higher rate of axial tumors (31.6% vs. 18.5%; p < 0.05) compared 
to patients under 40. Additionally, patients older than 40 experienced a significantly longer delay between the date 
of diagnosis and initiation of systemic treatment (36.7 days vs. 24.8 days; p < 0.05) and were less likely to receive adju-
vant chemotherapy (93.4% vs. 97.9%; p < 0.05).

Conclusion  An age over 40 is associated with decreased survival for patients with EWS. Due to the rarity of EWS 
in this cohort, the optimal role of systemic treatment remains unknown and has yet to be clearly elucidated. Con-
sequently, our findings suggest that older patients receive disparities in treatment which may be contributing 
to decreased survival rates.
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Introduction
Ewing sarcoma (EWS) is a family of highly malignant, 
small cell sarcomas. Following osteosarcoma, it repre-
sents the second most common primary malignancy 
of the bone. EWS classically arises in the diaphysis of 
lower limb and pelvic bones, but may also occur in 
extraskeletal sites, most commonly in paravertebral 
and thoracic soft tissues. EWS disproportionally affects 
younger patients, with prior literature reporting a 
median patient age of 15 years at the time of diagnosis 
[1–3]. With less than ten percent of patients diagnosed 
with EWS over the age of 40, there exists a paucity of 
data regarding patients in this cohort [4–9].

Notably, prior literature has reported lower rates of 
survival in older EWS patients [5, 8–14]. Recently, 
Liu et  al. estimated the 5-year overall survival (OS) at 
47.5% for patients over 40 [11]. A 2013 retrospective 
study by Karski et al. found that patients over 40 expe-
rienced significantly decreased survival rates compared 
to patients less than 40 and were more likely to present 
with metastatic tumors, as well as tumors of extraskel-
etal and axial origin [9]. Similarly, other prospective 
studies have found age to be a significant, independent 
predictor of mortality and have identified a higher inci-
dence of extraskeletal tumors in older patients [15–17]. 
However, these prospective studies were largely carried 
out at single institutions and limited by a small sample 
size.

There remains a debate in the literature regarding the 
impact of patient age on survival outcomes, as other stud-
ies have found that age is not independently associated 
with inferior survival [7, 18–20]. For example, a 2008 ret-
rospective study by Pieper et al. analyzed 47 patients over 
the age of 40 and concluded that with adequate treat-
ment, survival was comparable to that observed in ado-
lescent populations [7]. In addition, a 2000 retrospective 
study by Bacci et al. found no difference in EWS survival 
outcomes between the younger cohort (less than 39 years 
old) and the older cohort (greater than 39 years old) [20].

Surgery, chemotherapy, and radiation are the standard 
treatments for Ewing sarcoma; however, protocols are 
not well established for older patients [21]. Previous stud-
ies have suggested older patients with EWS may exhibit a 
poorer response to chemotherapy and are more suscepti-
ble to treatment-associated toxicities [22]. Furthermore, 
the role of treatment differences between old and young 
EWS patients has never been studied before in a large, 
retrospective study. Due to the limited and contradictory 
available data in this population, we sought to provide 
the largest study to date in this rare population of EWS 
patients. Using the National Cancer Database (NCDB), 
we describe patient and tumor characteristics, treatment, 
and survival data for EWS patients over 40 and compare 

them to the more common cohort of patients under the 
age of 40.

Patients population/method and methodology
Data sources
This retrospective cohort study utilized the National 
Cancer Database (NCDB) to identify patients diagnosed 
with EWS between 2004 and 2019. The NCDB is rec-
ognized as the largest existing clinical data registry and 
includes information on more than 70% of all annual can-
cer diagnoses in the United States. Patient demographic 
and outcome data are obtained from over 1500 accred-
ited Commission on Cancer (CoC) facilities and is de-
identified by a team of professional registrars. NCDB data 
are obtained at no cost by applying for a Participant User 
File (PUF) through the American College of Surgeons in 
association with Commission on Cancer-accredited can-
cer programs.

Data collection and subject selection
This study identified 4864 patients with EWS in the 
NCDB database using the International Classification 
of Diseases for Oncology, Third Edition (ICD-O-3), his-
tology code 9260. Out of the 4864 patients who were 
initially identified, 264 patients were excluded from the 
study, due to multiple malignancies or missing data. 4600 
patients formed the final cohort for statistical Kaplan–
Meier and Cox proportional hazard testing.

Patients included in this study were dichotomized into 
two groups with 40 as cut-off age. Initial demographic 
analysis was performed with chi-squared and student’s 
t-tests on patients meeting the inclusion criteria. Dif-
ferences in insurance status, stage, grade, tumor size, 
tumor primary site, Charlson-Deyo comorbidity score, 
median income quartile, and zip code of residence were 
also reported [23, 24]. Ethnicity was classified into four 
groups: White, Black, and Asian, and “Other.” Patients of 
Chinese, Japanese, Filipino, Korean, Thai, Hmong, Viet-
namese, Filipino, Korean, Other Asian NOS, Asian NOS, 
Oriental NOS, Micronesian NOS, and Pacific Islander 
NOS ethnicity were classified as Asian. American Indian, 
Aleut or Eskimo, Hawaiian, and Asian Indian or Pakistani 
NOS was classified as “Other.”

Tumor size was represented as a continuous variable 
measured in millimeters. Median income was measured 
using the median household income from 2012–2016 
and was classified into four groups as defined by the 
NCDB participant user file. Charlson-Deyo score was 
used to assess the patients’ comorbidities, and patients 
were assigned a score of 0, 1, 2, or 3 based on the bur-
den of comorbid disease they carried. Staging at diagno-
sis was measured using the traditional 0–4 AJCC staging 
system via the NCDB Analytic Stage Group variable.
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Statistical methods
Propensity score matching was used to create identi-
cal 1:1 groups of patients over and under 40  years old 
matched by sex and race. Chi-Squared and student’s 
t-test were used to perform analysis on demographic 
differences and clinical outcomes between both groups. 
Median survival, 5-, and 10-year overall survival and 
Kaplan–Meier curves were compared by age at diagnosis, 
and pairwise logrank tests were used to compare the sur-
vival distributions. A “crude” multinomial logistic regres-
sion model was used to evaluate the association of age 
over 40 and overall survival. The variables of gender, race, 
and NCDB analytic stage were then added to the model 
to generate odds ratios. Finally, a Cox proportional haz-
ard model was constructed to generate a hazard ratio for 
patients over the age of 40.

All data were analyzed using RStudio using the pack-
ages “tidyverse” and “survival.” IBM SPSS Statistics ver-
sion 25 for Windows, Version 27.0 was also used. p < 0.05 
was used to indicate statistical significance.

Ethical considerations
This study utilized participant user files to obtain access 
to NCDB data through the Participant User Data Files 
program.

Results
Overall characteristics
Of the 4600 patients who met inclusion criteria, 4058 
(88.2%) were under 40 and 542 (11.8%) were over 40. 
Demographic and  socioeconomic  variables for propen-
sity score-matched and unmatched groups are shown 
in Table  1. Socioeconomic differences were observed 
between the older and younger cohorts. Older patients 
were more likely to be insured with Medicare and come 
from the highest median income quartile (p < 0.05). Clini-
cal characteristics for propensity score-matched and 
unmatched groups are shown in Table  2. Patients over 
40  were also significantly more likely to have higher 
Charlson-Deyo comorbidity scores at the time of diagno-
sis (p < 0.005).  

Tumor characteristics
Differences in tumor primary site were observed between 
the two groups. Tumor and treatment variables for pro-
pensity score-matched and unmatched groups are shown 
in Table  3.  Following propensity score matching, EWS 
patients over the age of 40 were more likely to have tumors 
of axial primary site (31.6% vs. 18.5%; p < 0.05). They also 
had higher rates of tumors originating from the vertebral 
column (16.1% vs 8.9%; p < 0.05) and cranium (5.3% vs. 
2.9%; p < 0.05) compared to patients under 40, who were 

Table 1  Demographic characteristics of EWS patients

Variable Unmatched p-value Propensity score (1:1)-matched p-value

Patients ≤ 40 
(n = 4058)

Patients > 40 (n = 542) Patients ≤ 40 (n = 542) Patients > 40 (n = 542)

Age (mean (SD)) 17.31 (8.09) 54.52 (11.51) < 0.001 17.65 (8.13) 54.60 (11.49) < 0.001

Sex, n (%)

 Male 2628 (61.4) 351 (60.1) 0.546 351 (50.0) 351 (50.0) 1.000

 Female 1652 (38.6) 233 (39.9) 233 (50.0) 233 (50.0)

Race, n (%)

 White 3575 (90.0) 495 (92.4) 0.047 531 (90.9) 531 (90.9) 1.000

 Black 127 (3.4) 22 (4.1) 24 (4.1) 24 (4.1)

 Asian 144 (3.6) 11 (2.1) 15 (2.5) 15 (2.5)

 Other 118 (3.0) 8 (1.5) 14 (2.4) 14 (2.4)

Insurance status, n (%)

 Uninsured 177 (4.2) 22 (3.5) < 0.001 19 (3.3) 22 (3.8) < 0.001

 Private insurance 2847 (66.6) 370 (64.0) 393 (67.3) 370 (63.4)

 Medicaid 989 (22.8) 57 (9.2) 133 (22.8) 57 (9.0)

 Medicare 54 (1.3) 115 (19.6) 8 (1.4) 115 (19.7)

 Other 213 (5.1) 20 (3.7) 31 (5.3) 20 (3.4)

Median income quartile, n (%)

 < $30,000 424 (9.9) 55 (9.4) 0.023 61 (10.4) 55 (9.4) 0.259

 $30,000–$34,999 552 (12.9) 58 (9.9) 72 (12.3) 58 (9.9)

 $35,000–$45,999 1938 (45.3) 251 (43.0) 260 (44.5) 251 (43.0)

 ≥ $46,000 1366 (31.9) 220 (37.7) 191 (32.7) 220 (37.7)
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more likely to have appendicular primary site tumors. 
Older patients had larger tumors compared to younger 
patients (525 mm vs. 518 mm; p = 0.807); however, this dif-
ference was not statistically significant. No significant dif-
ferences in average stage at diagnosis or extent of lymph 
node metastasis were observed.

Treatment characteristics
Chemotherapy
The two groups experienced differences in treatment 
type and timing. Propensity score-matched patients older 
than 40 experienced a significantly longer delay between 
the date of diagnosis and initiation of systemic treatment 

Table 2  Clinical characteristics of EWS patients

Variable Unmatched p-value Propensity score (1:1)-matched p-value

Patients ≤ 40 (n = 4058) Patients > 40 (n = 542) Patients ≤ 40 (n = 542) Patients > 40 (n = 542)

AJCC analytic stage group (%)

 1 422 (9.9) 59 (10.1) 0.128 61 (10.4) 59 (10.1) 0.255

 2 1144 (26.7) 172 (29.5) 163 (27.9) 172 (29.5)

 3 94 (2.2) 18 (3.1) 9 (1.5) 18 (3.1)

 4 1055 (24.6) 151 (25.9) 141 (24.1) 151 (25.9)

 Unknown 1565 (36.6) 184 (31.5) 210 (36.0) 184 (31.5)

 Anaplastic (grade) 634 (16.8) 87 (17.4) 0.728 82 (16.0) 87 (17.4) 0.546

Charlson-Deyo score, n (%)

 0 3880 (95.6) 458 (84.5) < 0.001 558 (95.5) 494 (84.6) < 0.001

 1 147 (3.6) 60 (11.1) 23 (3.9) 65 (11.1)

 2 23 (0.6) 18 (3.3) 1 (0.2) 18 (3.1)

 ≥ 3 8 (0.2) 6 (1.1) 2 (0.3) 7 (1.2)

Primary site, n (%)

 Long bones of upper 
limb (C400)

453 (10.6) 52 (8.9)  < 0.001 68 (11.6) 52 (8.9)  < 0.001

 Short bones of upper 
limb (C401)

44 (1.0) 10 (1.7) 10 (1.7) 10 (1.7)

 Long bones of lower 
limb (C402)

1093 (25.5) 132 (22.6) 149 (25.5) 109 (18.7)

 Short bones of lower 
limb (C403)

155 (3.6) 14 (2.4) 18 (3.1) 14 (2.4)

 Pelvic bones, sacrum, 
coccyx (C414)

1032 (25.4) 122 (22.5) 152 (26.0) 132 (22.6)

 Bone of limb, NOS 
(C409)

43 (1.0) 10 (1.7) 6 (1.0) 10 (1.7)

 Bones of skull and face 
(C410)

201 (4.7) 31 (5.3) 17 (2.9) 31 (5.3)

 Mandible (C411) 59 (1.4) 9 (1.5) 12 (2.1) 9 (1.5)

 Vertebral column (C412) 422 (9.9) 94 (16.1) 52 (8.9) 94 (16.1)

 Rib, sternum, clavicle 
(C413)

476 (11.1) 60 (10.3) 67 (11.5) 60 (10.3)

 Overlapping lesions 
(C408 + C418)

47 (1.1) 13 (2.0) 6 (1.0) 12 (2.0)

 Bone of non-limb, NOS 
(419)

195 (4.6) 51 (8.7) 27 (4.6) 51 (8.7)

 Appendicular tumor 
(C400-403, C409, C414)

3075 (71.8) (app.) 378 (64.7) (app.) < 0.001 403 (68.9) (app.) 327 (56.0) (app.) < 0.001

 Axial tumor (C410, C411, 
C412, C419)

877 (20.5) (axial) 185 (31.7) (axial) < 0.001 108 (18.5) (axial) 185 (31.6) (axial) < 0.001
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(29.5  days vs. 18.7  days; p < 0.05). Older patients also 
received lower rates of adjuvant chemotherapy (93.4% vs. 
97.9%; p < 0.05) and experienced a marked delay in initia-
tion of chemotherapy (46.3  days vs. 22.8  days; p < 0.05) 
following diagnosis when compared to the cohort under 
40.

Surgery
Patients over 40 were less likely to undergo a surgical pro-
cedure of the primary site in the unmatched group (46.7% 
vs. 51.8%; p < 0.05); however, this finding was not repli-
cated in the propensity score-matched group (46.7% vs. 
49.4%; p = 0.362). In the propensity score-matched group, 
older patients experienced a shorter delay between diag-
nosis and definitive surgical procedure of the primary site 
compared to patients under 40 (85.6 days vs. 102.4 days; 
p < 0.05). The cohort over 40 were less likely to undergo a 
clean resection without residual tumor remaining, albeit 
this difference was not significant between propensity 
score-matched groups (26.9% vs. 33.0%; p = 0.121).

Overall survival
As seen in Fig.  1B of propensity score-matched groups, 
patients over 40 experienced inferior 5-year (44.6% vs. 
61.8%; p < 0.05) and median (38.6 months vs. 73.9 months; 
p < 0.05) estimates of overall survival on Kaplan–Meier 
analysis. Table  4 demonstrates how age over 40 had an 
odds ratio (OR) of 2.08 [1.61–2.69]  (p < 0.05) after con-
trolling for gender, race, and NCDB analytic stage. The 
Cox proportional hazards model results reveal that age 
over 40 was independently associated with inferior sur-
vival and an increased hazard ratio for death of 1.96 
[1.64–2.34] (p < 0.05) as shown in Table 4. 

Discussion
The main finding of this study is that after adjusting for 
competing factors, EWS patients over the age of 40 expe-
rienced significantly decreased rates of survival com-
pared to patients under 40. Additionally, we found that 
older patients with EWS exhibited unique clinical and 
treatment characteristics. Specifically, the cohort over 40 

Table 3  Treatment characteristics of EWS patients

Variable Unmatched p-value Propensity score (1:1) matched p-value

Patients ≤ 40 (n = 4058) Patients > 40 (n = 542) Patients ≤ 40 (n = 542) Patients > 40 (n = 542)

Surgery of primary site, n (%)

 Surgery of primary site 
performed

2102 (51.8) 253 (46.7) 0.025 268 (49.4) 253 (46.7) 0.362

 Surgery of primary site 
not performed

1956 (48.2) 289 (53.3) 274 (50.6) 289 (53.3)

Surgical margins, n (%)

 No residual tumor 1456 (35.9) 146 (26.9) < 0.001 179 (33.0) 146 (26.9) 0.121

 Microscopic residual 
tumor

96 (2.4) 13 (2.4) 14 (2.6) 13 (2.4)

 Macroscopic residual 
tumor

47 (1.2) 12 (2.2) 5 (0.9) 12 (2.2)

 Surgical margins 
unknown

96 (2.4) 16 (3.0) 15 (2.8) 16 (3.0)

Palliative care n (%)

 Received 168 (4.1%) 42 (7.7%) < 0.001 28 (5.2) 42 (7.7) 0.084

 Did not receive 3890 (95.9%) 500 (92.3%) 514 (94.8) 500 (92.3)

Adjuvant therapy, n (%)

 Adjuvant chemotherapy 1826 (96.2%) 198 (93.4%) 0.039 234 (97.9) 198 (93.4) 0.017

 Adjuvant radiation 14 (0.7%) 5 (2.4%) 0 (0.0) 5 (2.4)

 Adjuvant chemoradia-
tion

58 (3.1%) 9 (4.2%) 5 (2.1) 9 (4.2)

Time to surgery (mean days 
(SD))

99.0 (69.1) 85.6 (89.7) 0.005 102.4 (73.6) 85.6 (89.7) 0.020

Tumor size (mean mm (SD)) 510.8 (455.6) 525.7 (459.6) 0.053 518.9 (455.2) 525.7 (459.6) 0.807

Time to initiation of treat-
ment (mean days (SD))

19.2 (29.1) 29.5 (36.7) < 0.001 18.7 (24.8) 29.5 (36.7) < 0.001

Time to chemo (mean days 
(SD))

23.1 (28.4) 46.3 (42.4) < 0.001 22.8 (26.7) 46.3 (42.4) < 0.001
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presented with higher rates of axial primary site tumors. 
They also were less likely to receive adjuvant chemo-
therapy, and experienced longer delays in receiving treat-
ment following diagnosis compared to patients under 40. 

Together, these findings imply that increased age is sig-
nificantly associated with decreased survival rates and 
that treatment and tumor differences may be contribut-
ing to differences in survival.

Age <40 2091 1079 596 281 11 
Age >40 373 100 48 20 1 

A. Kaplan Meier survival curve of Unmatched groups (n=4600, p<0.0001).

Number at risk: 

B. Kaplan Meier survival curve of propensity score matched groups (n=1084, p<0.0001).

Number at risk: 
Age <40 280 153 83 37 1 
Age >40 373 100 48 20 1 

Fig. 1  Kaplan Meier estimate of overall survival for EWS patients A. unmatched groups, B 1:1 propensity score-matched groups
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Our finding of lower survival in patients over the age of 
40 is consistent with numerous prior studies which have 
identified age to be independently associated with infe-
rior survival in patients with EWS [5, 8–14]. Specifically, 
our results are in accordance with the 2013 analysis of 
the SEER database by Karski et al. as well as a large 2010 
study by Lee et al. which used the California Cancer Reg-
istry, both of which found increased age to be indepen-
dently associated with inferior survival [9, 17]. However, 
other, more recent studies have shown that with similar 
treatment, there is comparative survival between older 
and younger patients [6, 7, 20, 25]. In the present study, 
survival differences between age groups were consistently 
observed in both uni- and multivariate models and after 
propensity score matching, therefore, we feel age over 40 
is likely an independent negative prognostic factor. How-
ever, it remains uncertain whether older age may also be 
serving as a proxy for high-risk features seen dispropor-
tionately in older patient populations.

One high-risk feature is tumor volume and later stage 
at diagnosis. Our study found that older patients over 
40 experienced larger tumor size compared to younger 
patients, but this difference was not statistically signifi-
cant. Similarly, we found no differences in disease stage at 
presentation between the two groups. Conversely, Hense 
et al. analyzed 945 patients and found a significant asso-
ciation between age and tumor volume—a finding shared 
by Cotteril, who found that patients over the age of 15 
had significantly greater tumor size [26, 27]. Therefore, 
we theorize that there may be other high-risk features of 
disease in older EWS patients contributing to decreased 
survival.

Previous studies have identified an axial primary site as 
a potentially important prognostic factor in patients with 
EWS [5, 9, 27]. We found that patients over 40 had sig-
nificantly increased incidence of axial skeleton tumors, 
specifically of the vertebral column and cranium. They 
also experienced significantly higher residual macro- and 
microscopic tumor following resection. Cotteril et  al. 
reported that increased age and axial primary tumor site, 
specifically of the pelvis, were associated with higher 
tumor burden, increased propensity for metastasis, and 

significantly decreased survival rates [27]. Similarly, 
Karski et  al. observed higher rates of axial primary site 
tumors in the age over 40 cohort and hypothesized that 
these primary tumor sites may confer a unique tumor 
pathophysiology and worse prognosis [9]. It is also pos-
sible that primary site may guide decisions about surgical 
treatment, which has been shown to confer the greatest 
effect on overall survival. This holds true even in the case 
of challenging primary sites, such as metastatic disease 
and pelvic tumors [28]. For instance, our study found that 
older patients experienced lower rates of surgery com-
pared to younger patients and had higher residual tumor 
burden following resection. However, these differences 
were no longer statistically significant following propen-
sity score matching; therefore, surgical discrepancies 
in older patients may be better explained by other clini-
cal features such as race or sex. Increased comorbidity 
scores were also seen in the older patient group, which 
may manifest as a tendency for surgeons to direct higher-
risk, older patients toward conservative therapy, despite 
potentially benefiting from surgery.

The optimal role of systemic treatment in older EWS 
patent populations is currently unknown and remains 
highly debated. We found that older patients experienced 
lower rates of adjuvant chemotherapy and significantly 
delayed initiation of systemic  treatment. This finding 
supports the notion that treatment differences between 
age groups exacerbating the differences in survival. In a 
study of 53 patients, Gupta et al. found that adults with 
EWS were treated with similar doses of chemotherapy—
ifosfamide or cyclophosphamide—and local therapy 
as pediatric patients; however, adults received a longer 
delay in the initiation of definitive treatment, which was 
found to negatively impact survival in adult patients [29]. 
Delayed initiation of therapy for older patients was also 
seen in the Karski study who hypothesized that older 
EWS patients may not receive as intensive treatment 
due to non-standard treatment protocols as compared to 
younger patients [9]. Because EWS is much less common 
in patients over 40 years, patient treatment decisions are 
subject to the discretion of the patient’s multidiscipli-
nary oncology team and do not abide by the standardized 

Table 4  Multivariate regression models for association of age > 40 with poor survival

Variables Unmatched groups n = 4600 Propensity score-matched groups (1:1) 
n = 1084

Odds ratio (OR)/
hazard ratio (HR)

95% confidence 
interval (CI)

p-value Odds ratio (OR)/
hazard ratio (HR)

95% confidence 
interval (CI)

p-value

Crude model (unadjusted) 2.23 1.85–2.66 < 0.001 2.00 1.57–2.56 < 0.001

Model adjusted for gender, race and stage 2.35 1.94–2.84 < 0.001 2.08 1.61–2.69 < 0.001

Cox proportional model for hazard ratio 2.08 1.83–2.35 < 0.001 1.96 1.64–2.34 < 0.001
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12 week (about 3 months) treatment protocols that exist 
for pediatric patients.

Contraindications or complications from systemic 
treatment is another risk factor which may be responsi-
ble for the lower rates of chemotherapy observed in the 
older EWS patient population. Numerous other stud-
ies have investigated the relationship between age and 
chemotherapy toxicity, with conflicting results [10, 20, 
30]. Panda et al. analyzed 66 patients over 40 and identi-
fied significant rates of toxicity, primarily in the form of 
peripheral neuropathy from vincristine [10]. Bacci et  al. 
found that older patients (> 39 years old) were more likely 
to experience significant hematologic malignancies (36% 
vs. 15%), but found no dose delays between age cohorts 
and concluded that older patients should be included in 
multidisciplinary trials with similar treatment regimens 
[20]. Similarly, Verrill et  al. concluded that while IVAD 
chemotherapy regimens are myelotoxic in adults, they 
can be given safely and thus should be incorporated into 
adult regimens [6]. These results suggest that the cur-
rent ethos of EWS management in older patients may be 
contributing to the differences in treatment protocol and 
delivery observed in the present study.

This study was subject to a number of limitations 
including its retrospective design, absence of cancer spe-
cific mortality, and chemotherapy regimen details. The 
NCDB captures data only from participating institutions, 
representing ~ 70% of cancer cases in the U.S, which 
is not necessarily a complete sample  [31]. Finally, the 
NCDB does not contain data on baseline clinical features 
such as White Blood Cell (WBC) count, albumin, or spe-
cific comorbidities for each patient. Prior studies have 
brought out these parameters as important features of 
disease; therefore, a limitation of this study was the lack 
of specific information with respect to these factors [32].
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