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ABSTRACT
Objective:  To  compare  the  clinicopathological  characteristics,  treatment  responses,  survival  analysis  of  osseous  Ewing
sarcoma (OES) and extraosseous ES (EES).
Study Design: Observational study.
Place and Duration of Study: Ankara City Hospital and Ankara Numune Training Research Hospital Medical Oncology Clinics
from January 2005 to February 2020.
Methodology: Clinicopathological characteristics of histologically confirmed ES/PNET and followed up, and treatment modali-
ties were recorded from patients’ registration data-base of the hospital. Lactate dehydrogenase (LDH), alkaline phosphatase
(ALP), hemoglobin were measured before chemotherapy or surgery. The patients with a second cancer, gall bladder/biliary tract
diseases, viral hepatitis and other bone diseases were excluded.
Results: Sixty seven patients evaluated retrospectively. Out of the total patients, 56.7% consisted of OES, and 43.3% consisted
of EES. The median age of the EES group (26 years) was significantly higher than that of the OES group (22 years, p = 0.008).
The most common metastasis region was lung in both the groups. Age, LDH levels and stage of the disease were found to be
statistically significant prognostic factors in univariate and multivariate analysis.  The median OS of patients who started with
local treatment (surgical, surgical ± radiotherapy) and followed up with chemotherapy was 82.6 months (95% CI, 55.2-110.1),
while the median OS of patients who received local treatment between or after chemotherapy was 43.4 months (95% CI,
13.2-73.6, p = 0.042).
Conclusion: Patients with extrosseus ES were significantly older. Age, LDH levels, stage of disease, local treatment followed by
systemic therapy are important associated factors.
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INTRODUCTION

Ewing  sarcoma  (ES)  and  primitive  neuroectodermal  tumor
(PNET) are parts of a spectrum of neoplastic diseases known as
the ES family of tumors (EFT).1 EFT also includes extraosseous
ES (EES), atypical ES, malignant small cell tumors of thora-
copulmonary region (Askin tumor).2 They have similar histo-
logic, immunohistochemical characteristics and nonrandom
chromosomal translocations;3 so these tumors are considered
to be derived from a common cell of origin.4
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While most of the ES cases present with localised disease at the
time of  diagnosis,  20-25% of  them present with metastasis.5

Most of the cases develop in the skeletal system in childhood,
20-30% of them originate from the extraskeletal regions.6 The
incidence of EES is 1 per 5-10 million.7 The median age at diag-
nosis for skeletal cases is younger than that of extraskeleteal
cases.8

Standard treatment of ES consists of chemotherapy and local
therapies  including  surgery  and/or  radiotherapy.9  Complete
surgical resection is a preferred local control method but radio-
therapy is an alternative for tumors that cannot be resected or
patients who refuse surgery.9 While EES was previously treated
as rhabdomyosarcoma, studies have shown that these patients
respond to OES treatment protocols.10

There are several studies comparing OES and EES tumor charac-
teristics and disease outcomes. Whether disease prognostic
factors, treatment responses, and survival rates are similar in
OES and EES remains controversial. In addition, there is not
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enough evidence showing that EES chemotherapy protocols
are the most appropriate treatment for OES.

This study was carried out to compare the disease clinicopatho-
logical characteristics, treatment responses, survival analysis
of OES and EES cases; and to contribute to the literature on
these controversial issues.

METHODOLOGY

This study was approved by Institutional Ethics Committee of
Ankara City Hospital (E1/537/2020). The patients with histologi-
cally confirmed ES/PNET and followed up in Hospital between
January 2005 and February 2020 were included in this retro-
spective  study.  Clinicopathological  characteristics  of  the
patients  and  treatment  modalities  were  recorded  from
patients’ registration data-base of the hospital. Lactate dehy-
drogenase  (LDH),  alkaline  phosphatase  (ALP),  hemoglobin
(Hb),  and  erythrocyte  sedimentation  rate  (ESR)  were
measured before treatment (chemotherapy or surgery). The
patients  with  a  second  cancer,  gall  bladder/biliary  tract
diseases,  viral  hepatitis,  and  other  bone  diseases  were
excluded from the study.

Statistical analyses were performed by using SPSS Statistics
version 24.0 (IBM Corp., Chicago). Continuous variables (age,
tumor size, duration of treatment, LDH, ALP, Hb, ESR levels)
were expressed as  either  mean ± S.D or  median with  25th
percentile and 75th percentile. Categorical variables (gender,
ECOG  PS,  tumor  lacation,  metastatic  site,  chemotherapy
regimen, and pathological staining) were presented as percen-
tage.  Normality  of  quantitative  data  has  been  analysed  by
Kolmogorov-Smirnov and Shapiro-Wilk tests.  Optimal cut-off
value of numerical prognostic variable (LDH) was determined
calculating area under the curve (AUC) of Receiver Operating
Characteristic (ROC) analysis. The maximal joint point of sensi-
tivity  and  specificity  was  calculated  by  the  Youden  Index.
Pearson Chi-square test was used for the comparison of categor-
ical variables of two groups, and independent sample T-test or
Mann-Whitney U-test was used for comparison of continuous
variables  of  two  groups.  Survival  analysis  was  calculated
according to Kaplan-Meier (Log rank, Breslow and Tarone-Ware
analyses)  method.  Univariate  Cox  regression  analysis  was
performed in order to determine the independent predictors on
overall survival (OS) and progression-free survival (PFS). Vari-
ables, which have a p-value less than 0.05 in univariate anal-
ysis, were put into multivariate analysis. P-value <0.05 was
considered as statistically significant.

RESULTS

Sixty-seven patients evaluated retrospectively in this study.
Out of the total patients, 56.7% (n = 38) patients consisted of
OES, and 43.3% (n = 29) consisted of EES. Moreover, 83.6% of
all ES were typical ES. While 81.6% of the OES group was typical
ES and 10.5% was atypical ES, 86.2% of the EES group was
typical ES and 10.3 was atypical ES (p = 0.746). The median age
of the EES group (26 years) was statistically significantly higher
than that of the OES group (22 years, p = 0.008). Tumor size was

7.7 ± 3.5 cm in the OES group and 9.5 ± 5.5 cm in the EES group
(p = 0.119). In 46.3% of the whole group (OES + EES), the tumor
was located in the trunk and 32.8% in the lower extremities.
Tumor localisation for OES was 50% in the lower extremities and
23.7% in the trunk. On the other hand, 75.9% EES was located in
the trunk, while it was located on the lower extremities and head-
-neck (10.3% and 10.3%, respectively) in the second frequency
(p <0.001).

Pathologically, 38.8% of the entire ES group was stained with
CD99, 19.4% with vimentin and 11.9% with FLI-1. There was no
significant difference between EES and OES groups in terms of
CD99, vimentin and FLI-1 staining (p = 0.446, p = 0.418, p =
0.076, respectively).

While 71.1% (n = 27) of OES patients received chemotherapy
as the first treatment, 58.6% (n = 17) of EES patients were surg-
ically treated (p = 0.015). Chemotherapy regimens given as
initial therapy or after surgery, were similar.

There was no difference between the two groups in terms of
gender, eastern cooperative oncology group (ECOG) perfor-
mance  status,  tumor  size,  pathological  subtype,  disease
stage, metastatic region, treatment response, LDH levels, ALP
levels, hemoglobin levels, neutrophil lymphocyte ratio (NLR),
platelet lymphocyte ratio (PLR), and erythrocyte sedimenta-
tion rate (ESR, Table I).

Age, LDH levels and stage of the disease were found to be statis-
tically  significant  prognostic  factors  in  univariate  analysis.
These  factors  were  also  statistically  significant  prognostic
factors for OS in multivariate analysis (Table II).

LDH was found to be a prognostically significant laboratory
parameter for ES. ROC analysis was applied to determine the
LDH cut-off value. The ROC analysis was performed by using
survival status as an end-point and calculated AUC was 0.67 for
LDH (95% CI: 0.54-0.81, p = 0.016). The recommended cut-off
value was 320.5 for LDH with 64.9% senistivity and 72.4%
sepcifity. Patients were stratified into two groups according to
cut-off values of LDH as follows: LDH <320.5 U/L (normal) and
LDH ≥ 320.5 U/L (high).

There was no statistically significant difference between the
OES and EES groups in terms of OS. The median OS was 82.6
(59.6-105.7)  months  for  OES  patients,  and  36.6  (9.1-64.1)
months for EES patients (p = 0.258). There was no statistically
significant  difference  between  the  OES  and  EES  groups  in
terms of PFS. The median PFS was 46.6 (NA) months in the OES
group and 20.7 (8.1-33.3) months in the EES group (p = 0.287).
At the beginning of the treatment or after chemotherapy, 41 of
our patients received radiotherapy and 21 received surgical ±
radiotherapy as local treatment. The median OS of patients
who started with local treatment (surgical, surgical ± radiother-
apy) and followed up with chemotherapy was 82.6 months
(95% CI, 55.2-110.1), while the median OS of patients who
received local treatment between or after chemotherapy was
43.4 months (95% CI, 13.2-73.6, p = 0.042).
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Table I: Baseline clinicopathological characteristics of patients.

Characteristics Total, n (%) Osseous Ewing Sarcoma Extraosseous Ewing
Sarcoma p-value

Number of patients 67 (100%) 38 (56.7%) 29 (43.3%)  
Median age (year) 23 (21-28) 22 (19-27) 26 (23-33) 0.008*
Gender:
Male
Female

 
47 (70.1%)
20 (29.9%)

 
26 (68.4%)
12 (31.6%)

 
21 (72.4%)
8 (27.6%)

 
0.723

ECOG PS:
0
1

 
38 (56.7%)
29 (43.3%)

 
19 (50%)
19 (50%)

 
19 (65.5%)
10 (34.5%)

 
0.204

Tumor location:
Head-Neck
Upper extremity
Trunk
Lower extremity

 
7 (10.4%)
7 (10.4%)
31 (46.3%)
22 (32.8%)

 
4 (10.5%)
6 (15.8%)
9 (23.7%)
19 (50%)

 
3 (10.3%)
1 (3.4%)

22 (75.9%)
3 (10.3%)

<0.001*

Tumor size cm (mean) 8.5±4.5 7.7±3.5 9.5±5.5 0.119
Stage:
Local
Advanced

 
45 (67.2%)
22 (32.8%)

 
28 (73.7%)
10 (26.3%)

 
17 (58.6%)
12 (41.4%)

 
0.193

Metastatic site:
Lung
Liver
Bone

 
13 (19.4%)
4 (6.0%)
5 (7.5%)

 
8 (21.1%)

0 (0%)
2 (5.3%)

 
5 (10.3%)
4 (13.8%)
3 (10.3%)

0.093

First treatment:
Chemotherapy
Surgery

 
39 (58.2%)
28 (41.8%)

 
27 (71.1%)
11 (28.9%)

 
12 (41.4%)
17 (58.6%)

 
0.015*

Chemotherapyregimen:
VDC/IE
Other

 
44 (65.7%)
21 (31.3%)

 
25 (65.8%)
12 (31.6%)

 
19 (65.5%)

9 (31%)

 
0.980

Pathology:
Typical ES
Atypical ES
PNET

 
56 (83.6%)
7 (10.4%)

4 (6%)

 
31 (81.6%)
4 (10.5%)
3 (7.9%)

 
25 (86.2%)
3 (10.3%)
1 (3.4%)

0.746

CD 99 staining:
Positive
Negative
Unknown

 
26 (38.8%)
3 (4.5%)

38 (56.7%)

 
17 (44.7%)
2 (5.3%)
19 (50%)

 
9 (31%)
1 (3.4%)

19 (65.5%)

0.446

Vimentin staining:
Positive
Negative
Unknown

 
13 (19.4%)
16 (23.9%)
38 (56.7%)

 
9 (23.7%)
10 (26.3%)
19 (50%)

 
4 (13.8%)
6 (20.7%)
19 (65.5%)

0.418

FLI-1 staining:
Positive
Negative
Unknown

 
8 (11.9%)
21 (31.3%)
38 (56.7%)

 
3 (7.9%)

16 (42.1%)
19 (50%)

 
5 (17.2%)
5 (17.2%)
19 (65.5%)

0.076

Median duration of treatment (week):
(25th-75th percentile)

 
41 (25-51)

 
41 (30-51)

 
41 (18.8-48.8)

 
0.222

Treatment responses of those who received KT as the
first treatment:
Complete response
Partial response
Stable disease
Progressive disease

 
 

7 (18.4%)
16 (42.1%)
7 (18.4%)
8 (21.1%)

 
 

3 (11.1%)
13 (48.1%)
6 (22.2%)
5 (18.5%)

 
 

4 (36.4%)
3 (27.3%)
1 (9.1%)

3 (27.3%)

0.210

Progression:
Yes
No

 
38 (56.7%)
29 (43.3%)

 
20 (52.6%)
18 (47.4%)

 
18 (62.1%)
11 (37.9%)

0.440

LDH U/L (median) 320 (237.5-457) 306 (234-368) 386 (225-704) 0.175
ALP U/L (median) 121 (76-182) 114.5 (71-168) 142 (85.5-194.5) 0.178
Hb mg/dl (mean± S.D) 12.1±1.9 12.3±2.0 11.7±1.6 0.222
NLR 2.5 (2.0-2.9) 2.4 (1.9-2.9) 2.6 (2.2-2.8) 0.521
PLR 159.1 (131.2-223.9) 150.2 (124.1-215.8) 168.5 (141.5-239.7) 0.121
ESR (mean ± S.D) 56.3±33.9 61.6±39.1 50.4±26.8 0.279
ECOG PS: Eastern cooperative oncology group performance status, VDC-IE: Vincristine, doxorubicin, cyclophosphamide/ ifosfamide, etoposide, LDH: Lactate Dehydro-
genase. ALP: Alkaline phosphatase. Hb: Hemoglobin. NLR: Neutrophil lymphocyte ratio, PLR: Platelet lymphocyte ratio. ESR: Erythrocyte sedimentation rate.

Table II: Univariate and multivariate analysis of clinical characteristics on overall survival.

Variables
Univariable

P-value
Multivariable

P-value
HR (95% CI) HR (95% CI)

Age 1.04 (1.00-1.09) 0.047* 1.06 (1.00-1.13) 0.044*
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Gender:
Male
Female

 
1

1.33 (0.67-2.68)

 
0.414

 
1

1.58 (0.65-3.83)

 
0.313

ECOG PS:
0
1

 
1

1.27 (0.66-2.43)

 
0.471

 
1

1.62 (0.72-3.64)

 
0.241

Tumor location:
Head-Neck
Extremity
Trunk

 
1

0.72 (0.27-1.97)
0.66 (0.24-1.83)

 
 

0.729

 
1

1.09 (0.31-3.85)
0.41(0.14-1.22)

 
 

0.081

Pathology:
Typical ES
Atypical ES
PNET

 
1

0.68 (0.16-2.85)
1.03 (0.25-4.33)

 
 

0.869

 
1

0.56 (0.11-2.75)
1.33 (0.26-6.85)

 
 

0.740

Origination site:
Osseous
Extraosseous

 
1

1.45 (0.76-2.79)

 
0.260

 
1

1.63 (0.66-4.06)

 
0.293

LDH level:
Normal
High

 
1

2.27 (1.15-4.47

 
0.018*

 
1

2.41 (1.11-5.22)

 
0.026*

Stage:
Local
Advanced

 
1

2.09 (1.08-4.02)

 
0.028*

 
1

2.15 (1.06-4.35)

 
0.034*

 
Chemotherapy regimen:
VDC/IE
Others

 
1

1.34 (0.69-2.59)

 
0.388

 
1

1.03 (0.43-2.45)

 
0.954

Cut-off for LDH level was determined by ROC analysis. ECOG PS: Eastern cooperative oncology group performance status, ES: LDH: Lactate dehydrogenase,
VDC-IE: Vincristine, doxorubicin, cyclophosphamide/ ifosfamide, etoposide.

DISCUSSION

In  this  study,  the  differences  in  disease  presentations
between OES and EES were investigated. Median age of OES
was  statistically  significantly  lower  than  EES  and  male
gender was more dominant in both the groups. PNET was
the least common pathological subgroup in all ES groups.
Local  disease  was  more  common  in  both  OES  and  EES
patients.  All  these  findings  were  consistent  with  previous
studies.1,8

There are different results in different studies on ES primary
site. In OES patients, tumor was mostly located on lower
extremities (totally 67.2% were localised in the upper-lower
extremities and 32.8% in the trunk and head- neck in OES
patients); but in EES patients, it was mostly located on trunk.
However, Jiang et al. observed that OES tumor was localised
on axial skeleton at a rate of 52.8% and on appendicular
skeleton  at  a  rate  of  43.9%  in  their  study,  which  was
different from this study.11  But similar to the present study,
in the compilation of data from 975 patients from the Euro-
pean  intergroup  cooperative  Ewing  sarcoma  studies  (EI-
CESS),

the  distribution  of  primary  areas  is  found  in  54%  axial
skeleton and 42% appendicular skeleton.12 Similar to these
results, Orr et al. showed that tumor of EES was located in
trunk, extremities (lower and upper) and head-neck, respec-
tively.13  There was no difference in tumor size between EES
and  OES  patients.  Different  data  are  available  in  different
studies on this subject. Similar to this study, some studies
showed that there was no difference in tumor size between
the two groups; others showed that EES tumors were smaller
at diagnosis.6,11 In this study, while 81.6% of the OES group

was typical ES and 10.5% was atypical ES, 86.2% of the EES
group was typical ES and 10.3% was atypical ES.

Most of ES tumors express CD99, which is a highly sensitive
immunohistochemical biomarker. CD57, synaptophysin, chro-
mogranin,  vimentin,  neuron-specific  enolase  and  S-100  are
often  expressed  in  ES.14  Antibody  against  FLI-1,  which  is
centered in the nucleus of the tumor cells, has been shown
to  be  specific  for  EFT.15  In  this  study,  the  most  positively
detected  markers  in  pathological  staining  were  CD99,
vimentin  and  FLI-1,  respectively.  There  were  no  difference
between  OES  and  EES  groups  in  terms  of  pathological
staining.

The most common distant metastasis site was lung in both
OES and EES patients. In OES patients, distant metastases
were seen in bones with the second frequency. However, in
EES patients,  liver was the second most common distant
metastasis  site.  Metastatic  spreading  pattern  may  be
different  between EES and OES.  Worch  et  al.  detected  that
tumor spreading sites were lung, bone and bone marrow,
respectively in OES patients.16  Another study showed that
lymph  nodes  were  the  most  frequent  metastatic  site,
followed  by  lungs,  bones,  solid  organs,  peritoneum  and
pleura in EES patients.17 Since the authors did not include
lymph node metastasis as a distant metastasis site, it might
be the reason for the most common metastasis site to be
lung in this study.

Although  there  was  a  numerical  difference  for  OS  and  PFS
between OES and EES groups, it  did not reach statistical
significance. There may be two reasons for OS for this situa-
tion. First of all, in Kaplan-Meier analysis for OS, it is seen
that the curves diverged from each other at 24 months but
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converged at 96 months. This situation can cause a numer-
ical  difference.  The  second  reason  may  be  the  relatively
small number of patients analysed statistically. In the anal-
ysis for PFS, the median value could not be reached in the
OES group. Therefore, the numerical difference did not reach
statistical  significance. So, different results can be obtained
in more mature analyses.

The median OS was statistically better in the group which
received  local  treatment  (surgical  ±  radiotherapy)  and
followed  up  with  chemotherapy  than  the  group  received
local treatment between or after chemotherapy. All of the
patients  who  started  with  local  treatment  were  first  oper-
ated.  Moreover,  58.6% of  these  patients  were  EES.  The
authors  could  not  find  a  study  comparing  local  treatment
before  and  after  chemotherapy.  It  is  well  known  that
chemotherapy is the mainstay of treatment in ES and is a
necessary addition to local control to achieve a reasonable
expectation of cure.18 ES treatment can be reevaluated in
this respect with studies with large patient populations that
will  be divided into two groups as OES and EES patients.
Since five patients could only receive chemotherapy due to
their widespread metastases; and there was no patient who
had only  surgical  treatment,  one could  not  compare the
patients  received  chemotherapy  +  local  treatment  with
those received only  chemotherapy or  only  surgical  treat-
ment.  Previous  studie  shows  that  results  are  best  when
chemotherapy  is  combined  with  optimal  local  therapy,
including radiation and/or surgical resection.19 The reduction
of local tumor volume is accomplished in the majority of the
patients; this may facilitate resection and reduce mortality
and  morbidity.  Tumor  localisation  should  be  considered
when making surgery decision in ES patients. Especially, the
risk of surgical morbidity in pelvic OES tumors is higher than
other localisations.20 In addition, resection of bone tumors in
OES patients has higher morbidity than resection of EES soft
tissue tumors.21 In OES, chemotherapy may be considered
first  to  reduce  morbidity  as  in  pelvic  tumors;  and  to  shrink
the tumor before surgery, as in extremity bone tumors.

In the present study, age, LDH levels and tumor stage were
statistically  significant  prognostic  factors  for  OS  among  all
patients  on  univariate  analysis  and  multivariate  analysis.
Tumor location,  origin or  chemotherapy regimen were not
prognostic factors for OS. In another study, age, tumor size,
tumor stage, and surgery were found to be factors that signifi-
cantly  associated  with  OS.11  A  different  study  showed  that
age,  sex,  tumor  size  and  stage  correlated  with  survival.8

In this study, optimal cut-off value for LDH level was found as
320.5 in ROC analysis for LDH. LDH <320.5 U/L was consid-
ered normal and LDH> 320.5 U/L was considered high in ES
patients.  LDH  level  was  also  found  to  be  a  significant  prog-
nostic factor for OS in ES patients. LDH isoforms that contain
predominantly  M subunits  (LDH-A)  rises  in  many types of
cancer and is linked to tumor growth, maintenance and inva-
sion.22 In a study investigating the role of LDH-A in hepatocel-

lular  cancer  (HCC)  metastasis,  HCC  cell  lines  have  been
shown to over-express LDH-A and LDH-A inhibition increases
apoptosis  by  the  production  of  reactive  oxygen  species.23

Besides,  the  breakdown  of  LDH-A  caused  a  significant
decrease in metastatic potential.23 In a study examining the
relationship between breast cancer and LDH, LDH-A expres-
sion was found to be an independent factor  that  strongly
correlated with tumor size.24 In the same study, down regula-
tion of LDH-A led to Ki67 reduction and induction of tumor cell
apoptosis. In a study investigating the relationship between
ES and LDH, it has been shown that genetic or pharmacolog-
ical  inhibition  of  LDH-A  reduces  tumor  cell  proliferation,
induces  apoptosis,  and  is  associated  with  suppression  of
glycolytic flux and impairment of NADH / NAD + ratio.25

There  were  several  limitations  of  this  study.  First,  the
number of patients was relatively small. Second, since it is a
retrospective study using the hospital database, data related
to  external  factors  that  may  affect  the  prognosis  of  the
disease and the toxicities developing in patients during the
treatment process could not be obtained. Third, more impor-
tantly, the lack of regional lymph node metastasis informa-
tion was an important limitation.

CONCLUSION

The  prognostic  factors,  clinicopathological  and  treatment
differences between OES and EES patients were evaluated in
this study. Median age was higher in the EES group. Male
gender was more dominant in both groups. Lung was most
frequent distant organ metastasis site in both OES and EES
groups.  There  was  no  OS  and  PFS  differences  between  the
two groups. Median OS was better in the group that started
with  local  therapy  than  the  group  that  started  with
chemotherapy. There is a requirement for studies involving
larger  patient  populations,  different  ethnic  groups,  and
investigating the adults’ outcomes of ES, which is known to
be seen more frequently in the pediatric population.
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