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ABSTRACT

Purpose: This study analyzed oncological and functional outcomes of treatment for Ewing’s sarcoma, as well as its
significant risk factors through long-term follow up. Objective and Method: Between September 1990 and April 2009,
20 cases that were diagnosed and treated as Ewing’s sarcoma in Kosin University Gospel Hospital were entered onto
the study. Mean follow-up period was 45.4 (12 - 108) months. There were 7 cases of male and 13 cases of female, and
mean age was 19.9 (5 - 48) years old. Retrospective review was done about treatment outcomes, complications, and
significant risk factors. Results: In terms of oncologic results, there were 9 cases of CDF (continuous disease free), 1
case of NED (no evidence of disease), 4 cases of AWD (alive with disease), 5 cases of DOD (dead of disease), and 1
case of DWOD (dead with other disease). Five-year overall survival rate of all the patients was 70.0% and event-free
survival rate was 50.0%. The mean MSTS (Musculoskeletal Tumor Society) score was 15.9 (53%) points at last fol-
low-up. Among prognostic factors of age at diagnosis, Enneking stage, size of tumor, site of primary lesion, and distant
metastasis, 5-year survival rate of groups without metastasis were 90.9%, nevertheless 44.4% in other group with the
metastasis showing statistical significance (p = 0.020). Postoperative complications were 3 cases of infection, each 2
cases of ankylosis and metal failure, and each 1 case of leg length discrepancy, periprosthetic fracture, and local recur-
rence. Conclusion: Five-year survival rate of this study was similar to that of multicenter studies in America and
Europe. Among the prognostic factors, distant metastasis was proven to be most significant. Enneking stage, size of
tumor and site of primary lesion are also important and could be statistically significant if with more cases.
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1. Introduction public of Korea, and possible to be followed up for at
least 12 months, were elected for this study. Mean fol-
low-up period was 45.4 (12 - 108) months (Table 1).
Among the patients, surgery, radiation therapy, and che-
motherapy were all performed in 8 patients, surgery and
chemotherapy in 9 patients, radiation therapy and chemo-
therapy in 2 patients, and only chemotherapy in 1 patient.

For staging, simpla X-ray, chest CT (computed tomo-
graphy), bone scan, CT or MRI (magnetic resonance
imaging) of lesion site, PET-CT (Positron emission to-
mography-computed tomography) were performed with
hematologic tests which were needed for neoadjuvant
chemotherapy.

Staging was determined by determined Enneking clas-
sification, functional evaluation by MSTS (Musculo-
2. Objective and Methods skeletal Tumor Society) score, survival rate by Kaplan-

) Meier method, and comparison of survival rates among
Between September 1990 and April 2009, twenty pa- different groups by Log-rank method [2,3].
tients who were diagnosed as Ewing’s sarcoma and
treated at Kosin University Gospel Hospital, Busan, Re- 3. Characteristics of the Patients

“Corresponding author. Among the whole 20 patients, there were 7 men and 13

Ewing’s sarcoma, which was first described by James
Ewing in 1921, is a rare bone tumor that accounts for less
than 10% of whole primary malignant bone tumor. How-
ever, this tumor is known to be second most common
malignant bone tumor in children and adolescents, next
to osteosarcoma. This tumor is shown to be one of the
poorest prognostic ones, and its frequency in East Asia is
rare [1].

In this report, we retrospectively studied 20 patients
who were diagnosed as Ewing’s sarcoma and treated at
our institution in last 20 years, analyzed and report their
oncologic and functional results, complications, and pro-
gnostic factors.

Copyright © 2013 SciRes. JCT



324 Long-Term Results of Ewing’s Sarcoma—In a Single Institution
Table 1. Demographic characteristics of 20 patients with Ewing’s sarcoma.

Case No. Sex  Age at Dx (year) Duration from Sx. to Dx. (month) Primary involved site Skeletal/Extraskeletal stage®
1 F 24 2 Buttock Extraskeletal 11B
2 F 16 6 Shoulder Extraskeletal 11B
3 F 30 3 Flank Extraskeletal 1A
4 F 48 5 Thigh Extraskeletal 1A
5 M 10 3 Distal Tibiofibula Skeletal 1A
6 F 16 2 Pelvis Skeletal 1
7 F 15 3 Ankle Skeletal 1A
8 M 11 7 Forearm, Hand Extraskeletal 1A
9 M 11 3 Spine (L4), Rib (9th) Skeletal 11
10 F 15 10 Radius Skeletal 11B
11 M 48 8 Thigh Extraskeletal 1
12 F 18 4 Fibula Skeletal 1A
13 F 15 2 Distal Femur Skeletal 11B
14 M 24 3 Proximal Femur Skeletal 1A
15 F 16 8 Elbow Skeletal 1A
16 M 21 4 Pelvis Skeletal 11B
17 F 16 2 Back, Rib (4th - 7th) Extraskeletal 11B
18 F 10 3 Distal Femur Extraskeletal 11B
19 F 5 1 Pelvis Skeletal 1A
20 M 29 4 Talus Skeletal 1A

Case No. Surgery RTx CTx Metastasis Complication Total F/U Period (month) Oncologic result
1 ) ) IFOS/ADR® ) ) 16 DOD®
2 WI/E? + Reconstruction  (+) IFOS/ADR ) Infection 53 CDF
3 WIE ) IFOS/ADR ) ) 69 CDF
4 W/E +) IFOS/ADR ) ) 60 CDF
5 WI/E + Reconstruction () IFOS/ADR ®) Local recurrence, LLD* 29 CDF
6 ) &) IFOS/ ADR Lung ) 14 DOD
7 W/E + Reconstruction  (-) IFOS/ADR Lung ) 38 AWD?
8 WI/E + Reconstruction  (-) IFOS/ADR ) ) 12 CDF
9 W/E + Reconstruction  (+) IFOS/ADR Pelvic Bone ) 42 AWD
10 W/E + Reconstruction (+) IFOS/ADR Lung ) 18 DOD
11 WIE ) IFOS/ADR Lung ) 16 DOD
12 W/E + Reconstruction (-) IFOS/ADR, IA-Cis ) ) 12 NED"
13 WI/E + Reconstruction (+) IFOS/ADR, IA-Cis ) Infection (9 times) 91 CDF
14 WI/E + Reconstruction  (+) IFOS/ADR ) Ankylosis 68 CDF
15  WIE +Reconstruction () IFOS/ADR Lung Mef:)gg}'fggu:pgﬁgé'on 42 DOD
16 ¢ *) IFOS/ADR Lung ) 12 DWOD!
17 W/E + Reconstruction (+) IFOS/ADR Lung ) 52 AWD
18 W/E + Reconstruction  (-) IFOS/ADR Lung Periprosthetic Fx. 62 AWD
19 WI/E + Reconstruction  (-) IFOS/ADR ) ) 93 CDF
20 W/E + Reconstruction  (-) IFOS/ADR ) Metal failure 108 CDF

*W/E: Wide excision, "Stage: Enneking’s staging system of malignant bone tumors, ©IFOS/ADR: Ifosfamide(HOLOXAN®) 14 g/m?/Doxorubicin (A.D. MY-
CIN®) 90 mg/m?, “IA-Cis: Intraarterial Cisplatin(UNISTIN®) 120 mg/m? ®DOD: Dead of disease, ‘CDF: continuous disease free, AWD: Alive with disease,
"NED: No evidence of disease, DWOD: Dead with other diasese, “*LLD: Limb length discrepancy.
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women. Mean age at diagnosis was 19.9 (5 - 48) years
old, mostly in adolescents and young adults. Mean period
from onset of the symptoms until time at diagnosis was
4.2 (1 - 10) months. For primary lesion sites, there were
5 cases in thigh, 4 in pelvis, 3 in lower leg, each 2 cases
in spine and forearm, and each 1 case in shoulder, foot,
elbow, and flank. 12 cases were osseous-type, and the
other 8 cases were extraosseous. Enneking stage at the
time of the diagnosis was 1A in 10 cases, IIB in 7 cases,
and 111 in 3 cases.

4. Surgery

Surgical treatment was performed in 17 of 20 patients.
Among them, 14 patients underwent wide excision fol-
lowing limb salvage surgery together and only wide ex-
cision was performed in 3 patients. For the method of
reconstruction in limb salvage surgery, there were 8
cases of autologous bone grafts, 4 cases of tumor pros-
thesis insertions, and 2 cases of allogenous bone grafts.
Surgery was not performed in 3 patients because they
had lung metastasis before the surgery so radiation ther-
apy and chemotherapy was firstly performed, but expired
due to general condition aggravation.

5. Radiation Therapy

Radiation therapy was performed in 10 patients at pri-
mary lesion site before the surgery. There were 4 cases at
thigh, each 2 cases at pelvis and spine, and each 1 case at
shoulder and forearm. Mean radiation dosage was 45.1
(15 - 60) Gy. In 2 cases, lung metastasis was found and
aggravated during neoadjuvant chemotherapy and radia-
tion therapy, and finally expired.

6. Chemotherapy

Neoadjuvant chemotherapy was performed in all 20
cases, but 17 of them completed whole adjuvant chemo-
therapy. As combination regimen, IFOS/ADR (Ifosfamide
(HOLOXAN®) 14 g/m?, Doxorubicin (A.D.MYCIN®) 90
mg/m?) was used in all the patients, 2 cycles preopera-
tively and another 2 cycles postoperatively. And in 2 of
them, preoperative intraarterial cisplatin (UNISTIN®)
120 mg/m? was additionally used, in order to diminish
volume of the tumor for surgical resection. In principle, 2
cycles of neoadjuvant chemotherapy following surgery
following another 2 cycles of adjuvant chemotherapy
was supposed to be applied, however, in case of showing
poor response or stage Il at diagnosis, up to 12 cycles
were elongated.

7. Results
7.1. Oncologic Results

Oncologically, there were 9 cases of CDF (continuous

Copyright © 2013 SciRes.

disease free), 1 case of NED (no evidence of disease), 4
cases of AWD (alive with disease), 5 cases of DOD
(dead of disease), and 1 case of DWOD (dead with other
disease). By Kalplan-Meier method, 5-year overall sur-
vival rate (OS) of whole 20 cases was 70.0%, and event-
free survival rate (EFS) was 50.0%.

Based on the age at the time of the diagnosis, 12 cases
were less than 18 years old, 6 were 18 - 30 years old, and
2 cases were more than 31 years old. 5-year survival
rates of each group were 75.0%, 66.7%, 50.0%, showing
slight decrement as the patients got older, but it was not
statistically significant (p = 0.258).

Based on Enneking state at the time of the diagnosis,
there were 10 cases of stage IlA, 7 cases of IIB, and 3
cases of Ill. Each 5-year survival rates were 90.0%,
57.1%, 33.3%, showing decreased survival rate with ad-
vanced state, but no statistical significance (p = 0.122).

Based upon size (maximal diameter) of the tumor, 7
cases were less than 8 cm and 13 cases were more than 8
cm. Each 5-year survival rates were 85.7% and 61.5%,
but it was also not statistically significant (p = 0.089).

Analyzed by division into extremities and trunks for
primary lesion site, there were 13 cases at extremities
and 7 cases at trunks. Each 5-year survival rates were
76.9% and 57.1%, showing lower survival rate when
occurred at the trunk, but it also didn’t show statistical
significance (p = 0.085).

Distant metastasis occurred in 9 cases; 8 cases at lung
and 1 case at pelvic bone. Mean period from the date of
the diagnosis until the metastasis found was 12.6 months.
There were metastasis already existed when diagnosed in
3 cases, and metastasis newly occurred during preopera-
tive treatment in 6 cases. For treatment of the metastatic
lesions, among 3 cases of stage Il which already had
distant metastasis when diagnosed, 2 patients were per-
formed combination treatment of surgery, radiation ther-
apy, and chemotherapy and the other 1 patient were per-
formed radiation therapy and chemotherapy. Among 6
cases who were found distant metastasis during neoad-
juvant chemotherapy, 4 patients were performed elon-
gated chemotherapy up to 12 cycles, 1 patient got lobec-
tomy for lung lesion because of good general condition,
and the other 1 patient got only conservative treatment
due to poor general condition but ultimately expired.
5-year survival rates were 90.0% without distant metas-
tasis and 44.4% with distant metastasis, and it showed
statistical significance (p = 0.016) (Figure 1).

7.2. Functional Results

Mean MSTS score of 14 cases who were survived until
final follow-up was 19.3 (14 - 25) points (64.3 (46.7 -
83.3)%). Devided by tumor lesion sites, mean 20.0 points
(66.7%) when occurred at pelvis, 20.7 points (69.0%)
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Survival Functions
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Figure 1. Survival rate according to distant metastasis, (1: no metastasis, 2: metastasis).

at other trunks except pelvis, 22.5 points (75.0%) at up-
per extremities, and 17.9 points (59.7%) at lower extre-
mities, which appears that the patients with lesion at
lower extremities showed relatively lower satisfaction.

8. Complications

Postoperative complications occurred at 6 cases; 3 cases
of infection, each 2 cases of ankylosis and metal failure,
and each 1 case of limb length discrepancy, peripros-
thetic fracture, and local recurrence. One patient super-
vened limb length discrepancy and local recurrence, and
another one supervened infection, ankylosis and metal
failure. Local recurrence occurred at ankle in 1 case, and
it took 13 months from the date of surgery until recur-
rence found. In this case, wide excision for recurred le-
sion following additional chemotherapy was performed.

9. Discussion

Classic treatment modality for primary lesion of Ewing’s
sarcoma had been local therapy, such as radiation therapy
or surgery alone. This method was somewhat effective
for local sites, but its prognosis was very poor; most

Copyright © 2013 SciRes.

patients expired due to distant metastasis. However, with
development of surgical technique and discovery of risks
for complications after radiation therapy, dependence on
radiation therapy was decreased [4,5]. When radiation
therapy is needed, dosage at least 40 Gy is known to be
able to improve the result of local treatment, especially
more effective in the tumor at axial skeletal such as skull
base or sacrum [6]. In this study, mean radiation dose of
45.1 Gy was applied at 10 cases. 5 cases were performed
at axial skeleton such as pelvis and spine, and the other 5
cases at proximal thigh and shoulder. When the mass was
difficult to be surgically resected because of their huge
size at pelvis, or to prevent postoperatively microscopic
metastasis, radiation therapy was performed with chemo-
therapy. The 5-year survival rate of this group was 60.0%,
lower than that of whole group’s 70.0%, which is thought
to be due to their primary lesion sites’ at trunk or extre-
mities near trunk, not because of low effectiveness of
radiation therapy itself.

General purpose of surgery for Ewing’s sarcoma is
two; treatment of the tumor and preservation of local
site’s function as much as possible. In early phase, indi-
cations for surgical treatment were limited; for tumors of

JCT
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extremities which were too large for radiation therapy or
pathologic fractures, and most of them were amputations
[7]. Until 1960’s, main treatment modalities were radia-
tion therapy or surgical resection alone, and 5-year survi-
val rate at that time was only around 10% and most of
the patients expired within 2 years from the time of the
diagnosis, usually due to distant metastasis [8]. However,
since application of limb salvage surgery in 1970’s, 90%
- 95% of the patients nowadays are performed limb
salvage surgery, and treatment results were much more
improved with adaptation of chemotherapy. Current
treatment policy is firstly induction of remission of the
tumor by combination chemotherapy and radiation the-
rapy, and resection of primary lesion by surgery, then
maintaining consistent chemotherapy to prevent meta-
stasis or recurrence [9,10].

The effect of surgical treatment on the survival rate
was not confirmed yet, but was proven to be significantly
effective for lowering rates of local recurrence [7]. And
with intensive chemotherapy and radiation therapy toge-
ther, better survival rates would be expected. In our result,
5-year survival rate of 17 cases who were performed
chemotherapy, radiation therapy, and surgery together
was 82.4%, showing better prognosis than whole 20
patients’ survival rate of 70.0% (Figure 2). Therefore, if
possible, aggressive surgical treatment would be de-
sirable.

Pelvis is the most common sites for Ewing’s sarcoma,
but the prognosis is much poorer than those at other sites,
because of lack of main anatomical barrier against disse-
mination of the tumor, difficult for local treatment due to
many surrounding organs and neurovascular bundles, and
more common recurrence than other sites [11]. How-
ever, Puri et al. recommended aggressive surgical treat-
ment for nonmetastatic Ewing’s sarcoma at pelvic bone,
because surgical resection as much as possible can lower
local recurrence rates and provides excellent functional
results, only if tumor resection margin is thought to be

able to get obtained through preoperative imaging studies
[12]. In this study, however, surgery was performed in
only 1 of 4 patients at pelvis, because 2 of 3 patients
expired before the surgery due to discovery and aggrava-
tion of lung metastasis during the neoadjuvant chemothe-
rapy, and the other 1 patient refused the surgery.

Chemotherapy was milestone for the treatment of
Ewing’s sarcoma. After introduction of the chemothera-
py, rates of metastasis were decreased and if showing
response to chemotherapy, the size of primary lesion was
decreased enough for performing limb salvage surgery.
Thus this provided an important opportunity for im-
proving the tumors’ survival rates, and nowadays, the
chemotherapy became a mainstream for treatment me-
thods of Ewing’s sarcoma. After Rosen et al. had per-
formed combination chemotherapy of VacCD (vincri-
stine, actinomycin-D, Cyclophosphamide, and doxoru-
bicin) in 1974 [13], many institutions demonstrated cli-
nical efficacy of VAcCD therapy. In early and middle
2000s, Grier et al. and Ferrari et al. proved that better
prognosis could be obtained by adding ifosfamide and
etoposide to VAcCD therapy, by reporting 5-year sur-
vival rates of 72% and 70% each [14,15]. And this regi-
men became current standard chemotherapy protocol for
Ewing’ sarcoma [16]. In addition, Womer et al. demon-
strated that treatment result was better when the chemo-
therapy cycle had been performed with 2-week interval,
rather than previous 3-week interval [17].

In our institution, ifosfamide(14 g/m?) and doxorubicin
(90 mg/m?) were alternatively administered each 2 cycles
preoperatively and postoperatively for a total of 4 cycles
with 2-week intervals. In case of showing poor response
or presenting stage 11, the regimen was elongated up to
12 cycles. The 5-year over survival rate (OS) was 70.0%
and event-free survival rate (EFS) was 50.0%, which is
similar to those of massive retrospective studies in USA
or Europe’s. Rodriguez et al. reported 5-year overall
survival rate of 63.5% and event-free survival rate of

Figure 2. A 10 year-old male patient. (A - C) Preoperative image studies show suspicious malignant bone tumor at right distal
tibiofibula. He was diagnosed as Ewing’s sarcoma after open bone biopsy. (D - G) After wide excision, the involved bone was
wide excised and then, pasteurizated and autografted. (H) Post-operative radiographic results were good in this patient.

Copyright © 2013 SciRes.
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55.1% in 220 patients [18]. And Bacci et al. reported
5-year event-free survival rate of 56.9% in 579 patients
[19]. The other result in Republic of Korea was also
similar; Lee et al. reported 5-year overall survival rate of
58.9% and event-free survival rate of 52.6% in 76 pa-
tients [20].

As prognostic factors of Ewing’s sarcoma, age at
diagnosis, Enneking’s stage, size of the tumor, location
of primary lesion, distant metastasis et al. are suggested.
Among them, distant metastasis is the most important
single prognostic factor, especially poorest prognosis if
distant metastasis was already existed when diagnosed
[21,22].

For the age at diagnosis, Lee et al. reported that
younger patients, especially younger than 18 years old
showed better prognosis [23]. However, Bacci et al.
claimed that that was not a significant prognostic factor
[24]. In our study, also, older patients showed relatively
poorer survival rates, but it was not statistically signifi-
cant (p = 0.258).

For the stage, Simpson et al. reported that higher
Enneking stage at the diagnosis resulted higher expire
rate, thus this would be a significant prognostic factor
[25]. In our study, increased Enneking stage at the diag-
nosis of IIA, 11B, and Il showed proportionally de-
creased 5-year survival rate of 90.0%, 66.7%, and 50.0%,
but this was not statistically significant (p = 0.122).

About the size of the tumor, Cotterill et al. based on
volume of 100 ml [26], and Lee et al. based on maximal
diameter of 8 cm [23], and they reported that larger
tumors than these figures showed poorer prognosis than
smaller ones’. In this study, based on maximal diameter,
5-year survival rate of 13 cases of more than 8 cm was
61.5%, which was poorer than with the other 7 cases’
85.7% of less than 8 cm, but it didn’t show statistical
significance (p = 0.089).

For the location of the primary lesion, randomized
study by IESS-1 demonstrated that it is a statistically sig-
nificant prognostic factor, and many other studies com-
monly reported that 5-year survival rates of tumors at
pelvic bone were 15% - 35%, which is significantly
poorer than those of tumors except at pelvic bone were
30% - 77% [27]. Bacci et al. also demonstrated that
tumors at pelvic bone showed poorest prognosis [28].
Our study also reports that 5-year survival rate of 7 cases
at trunk was 57.1%, which was much lower than 76.9%
of the other 13 cases’ at extremities, but this also wasn’t
statistically significant (p = 0.085). However, when fo-
cused on 4 cases at the pelvis, 5-year survival rate was
25.0%, which was the poorest and consistent with the
findings of the other studies.

In our study, 5-year survival rate of 4 cases at upper
extremities were 50%, which were relatively poorer than
other sites’ survival rates. The reason for this result is
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thought to be due to relatively longer period from the
onset of the symptoms until the time of the diagnosis; the
whole patients’ took 4.2 months but the group of upper
extremities took 7.8 months to be diagnosed as Ewing’s
sarcoma. This phenomenon could be due to relatively
later onset of the symptoms, causing pulmonary metasta-
sis already when diagnosed as the tumor. Simpson et al.
reported that Ewing’s sarcoma at upper extremities
longer durations of the symptoms are related to lower
survival rates, because of advanced Enneking stage at the
diagnosis [25]. Therefore, when meeting patients who
complains of pain at upper extremities, more frequent
visit to clinic should be recommended, and if malignancy
is suspected, immediate studies should be performed to
diagnose as soon as possible,

For distant metastasis, Lee et al. reported that the
metastasis is one of the most important prognostic factors
[23]. In our study, it was confirmed that 5-year survival
rate of 9 cases with distant metastasis was 44.4%, which
was significantly poorer than 5-year survival rate of the
other 11 cases’ 90.9% without distant metastasis (p =
0.016). In our institution’s treatment experience, pulmo-
nary metastasis would have been disappeared when they
responded well to neoadjuvant chemotherapy, therefore it
is expected that aggressive treatment could improve the
prognosis of this tumor.

Among these prognostic factors, Enneking’s stage at
diagnosis, size of the tumor, location of primary lesion
were not statistically significant because of not enough
numbers of the patients. However, with more cases, these
factors could also be significant enough for meaningful
prognostic factors.

For recent decades, with successful results of mul-
timodal therapies, long-term survival rate of Ewing’s
sarcoma has been improved. Recent 5-year survival rates
of local Ewing’s sarcoma reached approximately at 70%,
and 10-year survival rates reached approximately at 50%
[24]. However, 5-year survival rates of metastatic or
recurrent Ewing’s sarcoma still remain around 25% -
29% [29]. In this study, 9 cases got distant metastasis and
their 5-year survival rate was 44.4%, therefore we think
that researches to improve its prognosis should be
progressed more.

Also, Ewing’s sarcoma shows high recurrence rate of
30% - 40%, even after combination treatment of surgery,
radiation therapy, and chemotherapy [30]. Therefore longer
term follow up must be done to diagnose and treat this
tragedy.

10. Conclusions

As a result of analyzing 20 patients who were diagnosed
and treated as Ewing’s Sarcoma in Kosin University
Gospel Hospital for last 20 years, 5-year OS was 70.0%
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and EFS was 50.0%, which shows similar results with
mass studies in USA and Europe. Confirmed statistically
significant prognostic factor was distant metastasis (p =
0.016). Enneking stage at the diagnosis, size of the tumor,
and location of the tumor didn’t show statitstical signifi-
cance due to lack of the cases, but these also can be
meaningful if with larger amount of the cases in the fu-
ture.

In order to improve the prognosis of Ewing’s sarcoma,
prompt diagnosis with intensive, consistent chemother-
apy, radiation therapy, and surgical treatment should be
combined. And thorough and long-term follow-up must
be done, even after termination of treatment, because of
showing higher recurrence rate than other malignancies.
Also, we expect improved treatment results of Ewing’s
Sarcoma, if more prospective multicenter research in
Korea would be processed.
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