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Introduction

Ewing sarcoma is a rare cancer, usually occurring in chil-
dren and adolescents [1]. The incidence of Ewing sarcoma 
differs among racial groups [1-3]. The United States data 
show a 9-fold difference in incidence between African Amer-
icans and Caucasians [2]. The incidence of Ewing sarcoma in 
China is 2 or 3 times lower than that in European and Ameri-
can countries [4-6]. Epidemiologic data on Ewing sarcoma 
in low-incidence populations are scarce. Moreover, current 
knowledge about Ewing sarcoma is mainly based on studies 
of case series and clinical trials involving children and ado-
lescents [7-11]. Adults and elderly patients are usually treat-
ed with the same multidisciplinary approach as children. 
However, limited data exists on the incidence patterns and 
outcomes of Ewing sarcoma in older age groups. 

The Korea Central Cancer Registry (KCCR) maintains and 

provides extensive population-based epidemiologic data. In 
this study, we aimed to examine the incidence pattern and 
outcome of patients with Ewing sarcoma diagnosed between 
1999 and 2017. We sought to answer the following questions: 
(1) What are the incidence and outcomes of Korean patients 
with Ewing sarcoma? and (2) Do older patients have differ-
ent disease patterns and outcomes from younger patients?

Materials and Methods
 
1. Data sources

The KCCR was initiated as a nationwide, hospital-based 
cancer registry in 1980 by the Ministry of Health and Wel-
fare, and collects data pertaining to the entire population 
since 1999. The Korea National Cancer Incidence Database 
(KNCIDB) is composed of the KCCR data and includes infor-
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mation on the demographics of cancer patients. 
Ewing sarcoma was defined according to the International 

Classification of Disease for Oncology, 3rd edition. Data on 
the incidence and survival of Ewing sarcoma between 1999 
and 2017 were obtained from the KNCIDB and Mortality 
data were derived from Statistics Korea [12]. Data on Ewing 
sarcoma patients, including age, sex, date of initial diagnosis, 
primary tumor site, tissue origin (skeletal or extraskeletal), 
stage at diagnosis, and initial treatment, were retrieved from 
the KCCR.

2. Statistical analyses
Patients were grouped by age: (1) children ≤ 14 years, 

(2) adolescents and young adults (AYA) 15-39 years, (3) 
adults 40-64 years, and (4) elderly ≥ 65 years. Age-specific 
incidence rates and age-standardized incidence rates (ASR)  
using Segi’s world standard population were calculated 
and expressed per million [13]. Incidence rates and clinical 
characteristics were compared between different age groups 
based on sex, period of diagnosis (1999-2003, 2004-2008, 
2009-2013, 2014-2017), site of origin (bone or soft tissue),  
tumor location, the Surveillance, Epidemiology, and End  
Results (SEER) summary stage [14] (since 2006), and the first 
course of treatment within 4 months after diagnosis. 

Overall survival rates were calculated using the Kaplan-
Meier method [15]. Survival differences among patients 
grouped according to clinical variables were compared  
using the log-rank test. The Cox proportional hazards model 
[16] was applied to estimate the effect of covariates on haz-
ard rates. All statistical tests were two-tailed, and results 
were considered statistically significant at p-values < 0.05. 
Statistical analyses were conducted using SAS software ver. 
9.4 (SAS Institute Inc., Cary, NC) and STATA software ver. 16 
(StataCorp LLC, College Station, TX).

Results

1. Incidence and clinical characteristics
The age-standardized incidence rate of Ewing sarcoma 

during the study period of 19 years was 1.01 (Table 1). There 
were 788 cases (459 men and 329 women), with a median 
age at diagnosis of 20 years. The incidence was highest in 
adolescents and young adults, specifically among teenagers 
and those in their twenties (Fig. 1). The number of cases and 
incidence rates in each age group were as follows: children, 
260 cases, rate, 1.6; adolescents and young adults, 340 cases, 
rate, 0.93; adults, 138 cases, rate, 0.44; elderly, 50 cases, rate, 
0.53 (Table 1). The number of newly diagnosed cases was 
similar between study periods; however, there were mar-
ginally more patients in the 2009-2013 period (Table 1). Ew-

ing sarcoma originated from bones in 592 patients (75.1%), 
and soft tissue in 196 patients (24.9%). The primary tumor 
sites were the extremities in 282 patients (35.8%), trunk in 
363 (46.1%), and elsewhere in 143 (18.1%). Information about 
disease extent was included in the KCCR system from 2006, 
corresponding to 543 cases. Among them, disease extent was 
unknown in 119 cases, and 220 patients (40.5%) had regional 
or distant metastasis at the time of diagnosis. 

Treatment data were available for 499 patients, and treat-
ment modalities were similar over the 19-year period. Local 
treatment corresponds to surgery and/or radiotherapy, and 
multidisciplinary treatment was defined as local treatment 
plus multi-agent systemic chemotherapy. Multidisciplinary 
treatment was administered in 68.8% of patients with extrem-
ity tumors, 72.9% with axial tumors, and 68.9% with tumors 
in other sites (p=0.609). However, local treatment modalities 
differed according to tumor sites. For patients with extrem-
ity tumors, 95.4% underwent surgery, and 4.6% received  
radiotherapy. Among cases with axial tumors, 86.4% received 
surgery and 13.6% radiotherapy. Similarly, 85.6% of tumor 
patients located elsewhere received surgery, and 14.4%  
radiotherapy (p=0.006).

Generally, older patients presented with clinical features 
associated with poor outcomes. There were more male cases 
and tumors originating in bones among children and AYA 
patients compared to adults and the elderly. The proportion 
of patients with tumors of extraskeletal origin, or tumors 
located in regions other than the extremities, and who had 
metastasis at diagnosis showed significant differences bet-
ween the age groups (Table 1). Treatment information that 
was available for 499 cases, showed that multidisciplinary 
treatment was more frequently used in children and AYAs. 
Excluding unknown treatment, more adults (n=32, 36.8%) 
and the elderly (n=18, 60.0%) received local treatment only 
(surgery and/or radiotherapy). The proportion of patients 
who received multidisciplinary treatment was 63.2% (n=55) 
in adults and 40.0% (n=12) in the elderly. In contrast, 123 
children (75.0%) and 163 AYA patients (74.8%) received local 
treatment as well as chemotherapy (Table 1). 

2. Survival
Survival analysis was performed in 739 patients, exclud-

ing the 49 cases with missing data. The median survival time 
was 78 months, and the 5-year overall survival (OS) rate 
was 52%. Survival was similar during the 19-year period,  
except in patients who were diagnosed in 1999 and 2002 (Fig. 
2). There was no difference in the 5-year OS rates between 
patients with skeletal tumors and extra-skeletal tumors (52% 
vs. 53%). Survival was reciprocally correlated with age. The 
median survival times of AYA, adults, and elderly patients 
were 65, 30, and 9 months, respectively. Children fared the 

Jun Ah Lee, Ewing Sarcoma in Korea

VOLUME 54 NUMBER 2 APRIL 2022     591



Ta
bl

e 
1.

  C
om

pa
ris

on
 o

f i
nc

id
en

ce
 ra

te
 p

er
 m

ill
io

n 
an

d 
cl

in
ic

al
 ch

ar
ac

te
ris

tic
s b

et
w

ee
n 

ag
e g

ro
up

s

	
	

≤	
14
	y
r	

	
	

15
-3
9	
yr
	

	
	

40
-6
4	
yr
	

	
	

≥	
65
	y
r	

	
	

	
To
ta
l

	
C
as
es
	

%
	

R
at
e	

C
as
es
	

%
	

R
at
e	

C
as
es
	

%
	

R
at
e	

C
as
es
	

%
	

R
at
e	

C
as
es
	

%
	

R
at
e	

A
SR

	
p-
va
lu
e

To
ta

l 
26

0 
10

0 
1.

60
  

34
0 

10
0 

0.
93

  
13

8 
10

0 
0.

44
  

50
 

10
0 

0.
53

  
78

8 
10

0 
 

0.
84

  
1.

01
 

Se
x 

   
 M

al
e 

14
1 

54
.2

3 
1.

65
  

22
7 

66
.7

6 
1.

21
  

71
 

51
.4

5 
0.

45
  

20
 

40
 

0.
53

  
45

9 
58

.2
5 

 
0.

98
  

1.
13

  
< 

0.
00

1
   

 F
em

al
e 

11
9 

45
.7

7 
1.

53
  

11
3 

33
.2

4 
0.

64
  

67
 

48
.5

5 
0.

42
  

30
 

60
 

0.
53

  
32

9 
41

.7
5 

 
0.

70
  

0.
87

 
Ti

ss
ue

 o
ri

gi
n 

   
 S

ke
le

ta
l  

21
4 

82
.3

1 
1.

31
  

25
5 

75
.0

0 
0.

70
  

89
 

64
.4

9 
0.

28
  

34
 

68
 

0.
36

  
59

2 
75

.1
3 

 
0.

63
  

0.
78

   
 <

 0
.0

01
   

 E
xt

ra
sk

el
et

al
 

46
 

17
.6

9 
0.

28
  

85
 

25
.0

0 
0.

23
  

49
 

35
.5

1 
0.

15
  

16
 

32
 

0.
17

  
19

6 
24

.8
7 

 
0.

21
  

0.
23

 
Tu

m
or

 lo
ca

tio
n 

   
 E

xt
re

m
ity

 
10

7 
41

.1
5 

0.
66

  
11

5 
33

.8
2 

0.
32

  
50

 
36

.2
3 

0.
16

  
10

 
20

 
0.

11
  

28
2 

35
.7

9 
 

0.
30

  
0.

38
  

0.
00

7
   

 T
ru

nk
 

10
9 

41
.9

2 
0.

67
  

17
2 

50
.5

9 
0.

47
  

59
 

42
.7

5 
0.

19
  

23
 

46
 

0.
24

  
36

3 
46

.0
7 

 
0.

39
  

0.
45

 
   

 E
lse

w
he

re
 

44
 

16
.9

2 
0.

27
  

53
 

15
.5

9 
0.

15
  

29
 

21
.0

1 
0.

09
  

17
 

34
 

0.
18

  
14

3 
18

.1
5 

 
0.

15
  

0.
17

 
Pe
ri
od
	o
f	d

ia
gn
os
is

 
   

 1
99

9-
20

03
 

67
 

25
.7

7 
1.

36
  

87
 

25
.5

9 
0.

84
  

20
 

14
.4

9 
0.

29
  

7 
14

 
0.

41
  

18
1 

22
.9

7 
 

0.
76

  
0.

86
  

< 
0.

00
1

   
 2

00
4-

20
08

 
77

 
29

.6
2 

1.
69

  
82

 
24

.1
2 

0.
84

  
26

 
18

.8
4 

0.
33

  
7 

14
 

0.
31

  
19

2 
24

.3
7 

 
0.

78
  

0.
97

 
   

 2
00

9-
20

13
 

72
 

27
.6

9 
1.

82
  

10
7 

31
.4

7 
1.

16
  

42
 

30
.4

3 
0.

46
  

14
 

28
 

0.
50

  
23

5 
29

.8
2 

 
0.

94
  

1.
18

 
   

 2
01

4-
20

17
 

44
 

16
.9

2 
1.

55
  

64
 

18
.8

2 
0.

91
  

50
 

36
.2

3 
0.

63
  

22
 

44
 

0.
82

  
18

0 
22

.8
4 

 
0.

88
  

1.
03

 
Pr
es
en
ce
	o
f	m

et
as
ta
si
s	

  (
si

nc
e 

20
06

) 
   

 N
o 

64
 

38
.3

2 
0.

68
  

77
 

34
.5

3 
0.

35
  

52
 

46
.8

5 
0.

24
  

11
 

26
.1

9 
0.

16
  

20
4 

37
.5

7 
 

0.
34

  
0.

42
   

0.
03

1
   

 Y
es

 
59

 
35

.3
3 

0.
62

  
94

 
42

.1
5 

0.
43

  
43

 
38

.7
4 

0.
20

  
24

 
57

.1
4 

0.
35

  
22

0 
40

.5
2 

 
0.

37
  

0.
43

 
   

 U
nk

no
w

n 
44

 
26

.3
5 

0.
47

  
52

 
23

.3
2 

0.
24

  
16

 
14

.4
1 

0.
07

  
7 

16
.6

7 
0.

10
  

11
9 

21
.9

2 
 

0.
20

  
0.

27
 

Tr
ea

tm
en

t 
   

 L
oc

al
 o

nl
y 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

< 
0.

00
1

   
   

  S
ur

ge
ry

 o
nl

y 
39

 
15

.0
0 

0.
24

  
46

 
13

.5
3 

0.
13

  
26

 
18

.8
4 

0.
08

  
14

 
28

 
0.

15
  

12
5 

15
.8

6 
 

0.
13

  
0.

15
 

   
   

  S
ur

ge
ry

+R
T 

2 
0.

77
 

0.
01

  
6 

1.
76

 
0.

02
  

4 
2.

90
 

0.
01

  
0 

0 
0 

 
12

 
1.

52
  

0.
01

  
0.

01
 

   
   

  R
T 

on
ly

 
0 

0 
0 

 
3 

0.
88

 
0.

01
  

2 
1.

45
 

0.
01

  
4 

8 
0.

04
  

9 
1.

14
  

0.
01

  
0.

01
 

   
 M

ul
tid

isc
ip

lin
ar

y 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

   
   

  S
ur

ge
ry

+C
Tx

 
89

 
34

.2
3 

0.
55

  
10

8 
31

.7
6 

0.
30

  
32

 
23

.1
9 

0.
10

  
10

 
20

 
0.

11
  

23
9 

30
.3

3 
 

0.
25

  
0.

32
 

   
   

  S
ur

ge
ry

+C
Tx

+R
T 

25
 

9.
62

 
0.

15
  

32
 

9.
41

 
0.

09
  

13
 

9.
42

 
0.

04
  

0 
0 

0 
 

70
 

8.
88

  
0.

07
  

0.
09

 
   

   
  C

Tx
+R

T 
9 

3.
46

 
0.

06
  

23
 

6.
76

 
0.

06
  

10
 

7.
25

 
0.

03
  

2 
4 

0.
02

  
44

 
5.

58
  

0.
05

  
0.

05
 

   
 U

nk
no

w
n 

96
 

36
.9

2 
0.

59
  

12
2 

35
.8

8 
0.

33
  

51
 

36
.9

6 
0.

16
  

20
 

40
 

0.
21

  
28

9 
36

.6
8 

 
0.

31
  

0.
37

 
A

SR
, a

ge
-s

ta
nd

ar
di

ze
d 

in
ci

de
nc

e r
at

e; 
CT

x,
 ch

em
ot

he
ra

py
; R

T,
 ra

di
ot

he
ra

py
. 

Cancer Res Treat. 2022;54(2):590-596

592     CANCER  RESEARCH  AND  TREATMENT



best (5-year OS, 64%), and the 5-year OS of AYA patients 
was similar to that of the 739 cases reported during 1999-
2017 (51% vs. 52%). A two-fold difference in survival was 
observed between adults and elderly patients (Fig. 3). In  
addition to age, the presence of metastasis and tumor loca-
tion other than the extremities were adverse prognostic fac-
tors on univariate analysis. However, prognostic significance 
of tumor location was lost on multivariate analysis (Table 

2). Unexpectedly, treatment modalities did not influence the 
survival of Ewing sarcoma patients (Table 2). 

Discussion

Using data from the KCCR between 1999 and 2017, we 
analyzed the epidemiology of Ewing sarcoma in South  

Fig. 3.  (A-D) Comparison of overall survival. AYA, adolescents and young adults.
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Korea. While previous studies were based on small case  
series, our work represents the only population-based study 
on the incidence and outcome of Ewing sarcoma in South 
Korea. The incidence of Ewing sarcoma in South Korea was 
similar to that in other Asian countries, and the survival rate 
was slightly lower than that of Euro-American cases. Older 
age and presence of metastasis at diagnosis were associated 
with poor outcomes. 

Due to the nature of KCCR, our study has several limita-
tions. Information on disease extent (metastasis) has become 
available only since 2006. Detailed information on tumor 
(size), treatment, and co-morbidities of patients are not 
provided by KCCR data. Moreover, registered information 
on treatment was included only treatment during the first 
4 months after diagnosis. Therefore, the prognostic signifi-
cance of clinical variables should be considered to be limited 
within the context of the currently available data. 

The ASR of Ewing sarcoma in South Korea was 1.01, simi-
lar to other Asian countries. While Taiwan study observed 
a second incidence peak at 45-50 years [17], the occurrence 
in South Korean population was highest in children and  
decreased in an age-dependent manner. 

During the 19-year period, treatment modalities and sur-
vival rates were similar. The 2009-2013 period is peculiar, 
with approximately 20% more cases diagnosed during this 
period. Incidence rates were slightly higher across all age 
groups; however, the exact cause is elusive. Since the early 
2000s, Ewing sarcoma incidence has increased in older  
patients, presumably related to demographic changes, inclu-
ding an increasingly aging population.

There is a controversy as to whether similar treatment 
strategies produce similar outcomes as in Euro-American 
populations for Ewing sarcoma in low-incidence popula-
tions. The survival of Korean patients with Ewing sarcoma 
was lower than that of patients in the United States [18], 
but was slightly higher than that of Japanese patients [19].  
Despite using a different index (overall vs. relative survival), 
a survival gap of more than 10% exists between the United 
States [18] and Korea. The 5-year relative survival rate of  
patients with Ewing sarcoma in the United States was 77.4% 
in children and 65.4% in AYA [18]. The 5-year OS rates of 
Korean children and AYA were 64% and 51%, respectively. 
Whereas, the survival of Korean patients with Ewing sarcoma 
appeared to be slightly better than that of Japanese patients 
[19]. The 5-year survival rates of Japan and South Korea were 
49% and 52%, respectively. Specifically, the survival rates of 
Japanese children, AYA, and adults were 57.5%, 47.5%, and 
24.2%, respectively. Survival data of the elderly patients were 
not provided. In South Korea, the survival rates of the corre-
sponding age groups were 64%, 51%, 42%, respectively, and 
19% in the elderly. Leaving ethnicity aside, we observed a 

difference in treatment practices between the two countries. 
In our data, 63.2% of adults and 40.0% of elderly patients  
received multidisciplinary treatment, including chemother-
apy. In contrast, 38.1% of adults and 17.8% of elderly Japa-
nese patients received chemotherapy [19]. Currently avail-
able data show that the outcome of Ewing sarcoma in Asian 
populations is inferior to that of Caucasian populations, sug-
gesting genetic differences [20-22] or lack of clinical studies 
as possible causes. However, a case series of Korean patients 
with localized Ewing sarcoma from the Korea Cancer Center 
Hospital reported a similar outcome to those of Euro-Amer-
ican cases, emphasizing the importance of multidisciplinary 
treatment [23]. We presume that international studies involv-
ing multiple low-incidence populations could be an effective 
measure to elucidate whether using the similar treatment  
approach could improve the survival of Ewing sarcoma in a 
low-incidence population. 

The effects of age on the prognosis of Ewing sarcoma are 
complex. The European study group concluded that age, pri-
mary site, and metastasis at diagnosis were poor prognostic 
factors [24]. According to the U.S. SEER and Japanese Bone 

Table 2.  Univariate and multivariate analyses of prognostic fac-
tors 

Variable Univariate Multivariate

Sex 
    Male Reference Reference
    Female 0.95 (0.75-1.20) 1.22 (0.78-1.59)
Tumor location  
    Extremity Reference Reference
    Trunk 1.64 (1.26-2.12) 0.95 (0.63-1.41)
    Elsewhere 1.33 (0.94-1.90) 1.02 (0.64-1.63)
Age (yr)  
    ≤ 14 Reference Reference
    15-39 1.54 (1.17-2.03) 1.80 (1.13-2.84)
    40-64 1.74 (1.20-2.53) 2.91 (1.75-4.83)
    ≥ 65 6.35 (4.18-9.64)   6.85 (3.62-12.98)
Presence	of	metastasisa)

  (since 2006)  
    No Reference Reference
    Yes 2.92 (2.05-4.17) 2.60 (1.76-3.84)
    Unknown 1.19 (0.74-1.92) 1.63 (1.02-2.61)
Treatmentb)  
    Local only Reference Reference
    Multidisciplinary 0.88 (0.66-1.16) 1.11 (0.75-1.66)
a)Data regarding the presence of metastasis was available from 
2006. Accordingly, multivariate analysis was performed using  
data from 2006, b)Local only corresponds to surgery and/or  
radiotherapy, and multidisciplinary includes surgery, radiother-
apy and chemotherapy.
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and Soft Tissue Tumor Registry (BSTTR) data, the survival 
of children was better than that of AYA and adults [18,19]. In 
contrast, recent studies suggest that older age is not a poor 
prognostic factor, as adults had similar outcomes to children 
when treated with chemotherapy [25,26]. In a case series 
of 59 adult patients, in which metastasis at diagnosis was 
the only predictor of long-term survival [27]. In 76 patients 
with localized Ewing sarcoma, a poor histologic response to 
preoperative chemotherapy and tumor location in a central-
axial body region were associated with poorer event-free 
survival [23]. The KCCR data showed that survival of AYA 
approximated all patients with Ewing sarcoma. The 5-year 
survival was poorer after the AYA age and decreased pre-
cipitously in the elderly patients (42% in adults, 19% in the 
elderly). The California Cancer Registry data did not observe 
survival differences among adult age groups 20-39, 40-49, 
50-59, 60-69, and 70 years (p=0.466) [28]. The prognostic sig-
nificance of age in Ewing sarcoma should be validated con-
sidering the following factors. First, the biological character-
istics of the tumor might be different between children/AYA 
and adults/elderly. We observed that older patients (adults,  
elderly) more frequently presented with tumors in the trunk 
and metastases at the time of diagnosis. Second, the level of 
treatment could influence the outcome. The accepted stand-
ard of care for Ewing sarcoma is multidisciplinary treatment, 
comprising both local therapy and systemic chemotherapy 
[1]. Although the majority of patients underwent surgery or 
radiotherapy, the proportion of patients who received chem-
otherapy was lower in adults and elderly patients. We pre-
sume that poor tolerance to cytotoxic chemotherapy and the 
presence of comorbidities might have contributed to the less 
aggressive treatments given to adults and elderly patients. 

In conclusion, we described the epidemiology of Ewing 

sarcoma in South Korea for the first time using the KCCR 
data. With a similar incidence to other Asian countries, the 
survival of Korean patients was slightly lower than that 
of Euro-American cases. We observed that the presence of  
metastasis and older age at diagnosis were poor prognostic 
factors. Older patients often presented with axial tumors and 
metastasis, received less intensive treatment, and had infe-
rior survival rates compared to AYA and children. Future 
research needs to be focused on improving the outcome of 
these patients either by actively involving them in clinical tri-
als or by introducing novel agents.
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