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ABSTRACT

Background: Ewing sarcoma (ES) is an uncommon aggressive malignant tumor of the bone and/or
soft tissue and belongs to peripheral primitive neuroectodermal tumor (PNET) family of tumors. Bone
PNETS: primarily arise from the diaphysis of long bones, where as soft tissue PNETSs are most commonly
found in the chest wall. Multidisciplinary treatments, including chemotherapy, surgery, radiotherapy, or
all three combined, improve the survival of patients with localized ES. However, the best approach to

achieve local control remains controversial.

Materials and Methods: We retrospectively analysed the medical records and pathology data of 14
patients (8 male, 6 female; mean age, 23.2 [range, 4-54] years) with primary thoracic ES who underwent
surgery in our clinic between January 2002 and December 2019. In addition, the treatment modalities

and tumor-related factors of chest wall ES and lung parenchyma were evaluated.

Results: The most frequent complaint was chest pain (n = 7). In 10 patients, the tumor originated
from the ribs, whereas the remaining 4 patients had lung parenchymal tumors. Ten patients underwent
complete tumor excision with chest wall resection, one patient underwent lower lobectomy with chest
wall resection, and three patients underwent complete tumor excision via wedge resection. All patients
were treated with chemotherapy, except two who underwent bone marrow transplantation. The median
follow-up was 31.6 (range, 2-84) months. Relapses were seen in 5 cases in the median 19.8th (range,
4-60) month.

Conclusions: Complete tumor resection is the most effective treatment for thoracic ES and multimodal
therapy (surgical resection, chemotherapy, and local radiation therapy), which is recommended
when indicated, constitutes the optimal treatment for ES. Although relapses occur within the early
postoperative period, late relapses are not uncommon. The follow-up periods must be short and should

be maintained long term for late relapses.
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Introduction

Ewing sarcoma is an aggressive malignancy with a high
incidence of local recurrence and distant metastasis,
which are important prognostic factors. Surgical resec-
tion, chemotherapy, and local radiation therapy, when
indicated, constitutes the optimal treatment. Thoracic
sarcomas frequently involve the ribs, characterized by
indolent progression. Hereby, these tumors are often di-
agnosed at a locally advanced stage, with massive pleu-
ral cavity involvement, or even at a metastatic stage (in
25% of cases) [1]. Although the relapses occur within
the early postoperative period, late relapses are not
uncommon. The follow-up periods must be short and
should be maintained long term for late relapses.

ES primarily affects the bones and/or soft tissues
and mainly occurs in children and young adults. Ap-
proximately 10% of ES arises from the chest wall [2].
Although ES can develop in any bone or soft tissue, the
most common sites are flat bones or long bones of the
leg, such as the pelvis, axial skeleton, and femur. Ex-
traskeletal ES is by far less common than skeletal ES.
ES located in the duodenum, neck, and kidney was re-
ported in some case series. However, primary ES aris-
ing from the lung is extremely rare [3]. Along with
malignant small-cell tumors of the thoracopulmonary
region (Askin tumor), primitive neuroectodermal tumor
(PNET), extraosseous ES (EES), and atypical ES, and
these malignancies are part of a spectrum of neoplas-
tic diseases known as the ES family of tumors. These
tumors were considered to be derived from a common
cell of origin due to their similar histopathological and
immunohistochemical characteristics and shared non-
random chromosomal translocations [4].

The patients have metastasis at diagnosis about 20%—
30%, and the presence of metastasis at the time of diag-
nosis is the most unfavorable prognostic factor. The treat-
ment of chest wall ES involves intense local therapy with
surgical resection and/or radiation therapy, and chemo-
therapy is used to treat systemic diseases. In addition to
surgery, chemotherapy improves the outcome from 15%-
20% to 60%-70% [5]. In this study, we retrospectively
analysed the findings of the cases with primary thoracic
ES, and total resection surgery was performed.

Material and Methods

We retrospectively analysed the medical records and
pathological data of 14 patients (8 male, 6 female; mean
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age, 23.2 [range, 4-54] years) with primary thoracic
ES who underwent surgery in Ataturk Chest Disease
and Thoracic Surgery Training and Research Hospital,
Thoracic Surgery Department between January 2002
and December 2019. The pathological material was
reviewed by an experienced sarcoma pathologist. The
presence of small round cell tumors with CD99 positiv-
ity without lymphoma, rhabdomyosarcoma, or neuro-
blastoma pathological features was assessed as ES. A
panel of immunohistochemical stains, including CD99,
synaptophysin, chromogranin, neuron-specific enolase,
S-100, vimentin, leukocyte common antigen, cytokera-
tins (AE1/AE3), desmin, and actin, was used.

Data of patients who underwent surgical resection
in our clinic were evaluated retrospectively for age,
gender, clinical features, tumor size and localization,
clinical-stage, surgical procedure, resection margins,
chemotherapy, radiotherapy, and treatment results.
Informed consent was obtained from all patients. Ap-
proval was obtained from Ataturk Chest Disease and
Thoracic Surgery Training and Research Hospital of the
local institutional review board (No: 03.12.2020/ 703).

All cases were staged with clinical history, physical
examination, routine laboratory tests, chest radiograph,
and computed tomography (CT) of the chest and brain.
Positron emission tomography (PET)-CT was used for
staging in three cases, while others were evaluated us-
ing additional abdominal ultrasound for metastasis.
Bronchoscopy and transthoracic needle biopsy with CT
were applied in all patients preoperatively.

In this study, all patients had primary thoracic ES
and underwent complete resection with safe margins.
Event-free survival (EFS) was assessed using the date
of disease progression, relapse, death, or last follow-up
visit from the date of diagnosis. The overall survival
was calculated from the date of diagnosis to the date of
death or last follow-up.

Thirteen patients with Thoracic ES were diagnosed
using tomography-assisted transthoracic biopsy (n = 3),
incision biopsy (n = 3), metastasectomy (n = 5), supra-
clavicular lymph node biopsy (n = 1), and endobron-
chial cryobiopsy (n = 1); however, these patients were
excluded from the study due to distant metastasis or un-
resectable/inoperable tumor. Patients with isolated tho-
racic ES who underwent total resection were included
in the study.



Results

The most frequent complaint was chest pain (n = 7,
50%), followed by cough (n =4, 28.5%), swelling of the
chest wall (n =2, 14.2%), and hemoptysis (n =1, 7.1%).
Table 1 shows the clinical features and demographics
of patients. All patients were evaluated using chest CT.
PET/CT was used for five patients. Three of the patients
with PET scan were screened preoperatively and median
fluorodeoxyglucose (FDG) uptake was 4.03 (2.5-6.4). A
19-year-old male who was operated on due to post-trau-
matic pleural hematoma and ES was detected during sur-
gery, and a 4-year-old female patient was evaluated us-
ing PET/CT in the postoperative period for staging; both
these patients showed no evidence of distant metastasis.

In 10 patients, the tumor originated from the ribs,
whereas the remaining 4 patients had lung parenchymal
tumors. Surgical procedures included complete tumor
excision with chest wall resection (n = 10), lower lo-
bectomy with chest wall resection (n = 1), and complete
tumor excision via wedge resection (n = 3). All the pa-
tients were treated with chemotherapy, except for two
patients who underwent bone marrow transplantation.
The median follow-up was 31.6 (range, 2-84) months.
Relapse was seen in 5 cases (35.7%) in the median
19.8th (range, 4-60) month (Table 2).

Table 1. General characteristics of patients who were
operated for thoracic Ewing sarcoma.

llz;z)tlem Age Gender Complaint ];;?31111- (Sclrzr;
1 54 F Cough RLL 12
2 36 M  Pain LLL 12
3 14 M  Pain LLL 13
4 20 F Cough RLL 15
5 27 M  Cough LLL 2

. 6-7th rib,
6 13 M Pain RLL 8
7 11 F Pain RLL 5
8 25 M  Hemoptysis RLL 5

. 10th
9 21 M  Pain i 25
10 16 F Swelling RLL 17
11 19 M  Pain RLL 14
12 39 M  Pain RLL 6
13 26 F Pain RLL 7
14 4 If Swelling  LUL 5

Abbrev.: F; female, M; male, RLL; right lower lobe, LLL;
left lower lobe, LUL; left upper lobe
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ES was located on the right side in 9 cases (64.2%).
The mean tumor size was 10.4 (range, 2-25) cm. All cas-
es showed diffuse membranous staining only for CD99.

A 14-year-old male patient had a 2-cm lymph node on
the superior to the pancreas. Abdominal ultrasound and
magnetic resonance imaging were used to determine the
nodule, and histopathological signification could not be
done due to the localization of the nodule; however, no
progression was seen on the 48th month follow-up period.

The endobronchial lesion was determined in a
20-year-old female patient via bronchoscopy, and a bi-
opsy was performed (Figure 1). Three cycles of neoad-
juvant chemotherapy were administered to the patient.

A 19-year-old male patient was admitted to the hospi-
tal due to chest pain, 45 days following a traffic accident.
Chest x-ray revealed pleural effusion and tube insertion
was performed due to hemothorax. Thorax CT revealed
pleural effusion and a 14x12 cm heterogeneous solid le-
sion, suggesting a suspicious hematoma. Following this,
a right thoracotomy was performed confirming the tu-
mor. The tumor was totally excised with wedge resec-
tion of the 9-11th ribs. Postoperative PET/CT was used to
determine distant metastasis and no abnormal FDG up-
take was found (Figure 2). Surgical procedures included
complete tumor excision with chest wall resection (n =
10), lower lobectomy with chest wall resection (n = 1),

and complete tumor excision via wedge resection (n = 3).

Figure 1. Thorax CT showing a Ewing sarcoma in a 20-year-
old female patient at the right lower lobe (Right lower lobec-
tomy and 9th rib resection was performed).
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Table 2. Treatment strategies and results of the patients who were operated for thoracic Ewing sarcoma.

Patient . . Follow-up Secondary .
No Surgical Procedure Chemotherapy Radiotherapy i) Recurrence e Mortality
1 Wedge resection 10 - 72 - - -
9th rib and sur-
2 rounding soft tissue 12 - 17 - - -
excision
3 5 , 6, 7th rib resec- 10 . 48 : : _
tion
Lower lobectomy .Or% s.urgl(.:al N 16th
4 and 9th rib resec- 6 - 16 incision site,
. sectomy month
tion 4th month
8 and bone Right lower Wedee
5 Wedge resection marrow trans- - 84 lobe, 60th & -
. resection
plantation month
5.6.7, 8th rib 8 and bone
6 . marrow trans- - 36 - -
resection .
plantation
7 §, 7, 8th rib resec- 15 : 48 : : :
tion
Multiple, bilat-
8 Lower lobectomy 10 - 36 eral nodules, - -
24th month
. Local recur-
9 9, 19, 11th rib re- 4 . 18 rence, 16th : 18th
section month
month
10 3,4, 5 rib resection 6 - 12 - - -
9, 10, 11th rib re-
11 section and wedge 10 - 23 - - -
resection
12 Wedge resection 2 - 19 ioneboll b S -

month tion

2, 3rd rib resection
13 . : . 2 - - :
and wedge resection

14 5th rib resect}on and 6 _ 12 = = -
wedge resection

Figure 2. Thorax CT findings of a 19-year-old male patient. A 14 cm diameter tumor was seen in the right lower lobe causing
compression on the hearth and great vessels (A), Right thoracotomy and tumor excision with wedge resection and 9-10-11th rib

resection was performed. A polyprolene mesh was used to repair the 10x15 cm chest wall defect (B).
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A 21-year-old male patient had a giant tumor measur-
ing 25 cm adjacent to the right lower lobe (Figure 3). Total
tumor excision and 9-10-11th rib excision was performed.
However, the recurrence was occurred on the 16th month
and he died on the 18th month of the follow-up.

The 10 patients with ES originating from the ribs
underwent complete tumor excision with chest wall re-
section, one patient underwent lower lobectomy with
chest wall resection, and 3 patients without chest wall
invasion underwent complete tumor excision via wedge
resection. All patients were treated with chemotherapy
postoperatively. Three cycles of neoadjuvant chemo-
therapy were used for a 20-year-old female patient
(Table 1, case #4). Multi-drug chemotherapy, which is
a minimum of four drugs such as vincristine, doxoru-
bicin, dactinomycin, and cyclophosphamide, was used
for all patients, except for two patients who underwent
bone marrow transplantation. Radiotherapy was used
for two patients due to narrow surgical margins and
large tumor sizes.

Relapses were seen in 5 patients: 4 male and 1 fe-
male with a median age of 26.4 (range, 20-39) years.
The average tumor size was 104 cm (range, 2-25
cm). The clinical features and treatment modalities are
shown in Table 1. Chemotherapy was used in all pa-
tients, except for one patient who underwent additional
bone marrow transplantation. The median follow-up
was 31.6 (range, 2-84) months. Relapses were seen in 5
cases in the median 19.8th (range, 4-60) months. Three
of them underwent secondary thoracic surgery proce-
dures (redo-thoracotomy metastasectomy, contralateral
wedge resection, and decortication). A 20-year-old fe-
male patient who underwent redo-thoracotomy and a
21-year-old male patient with a 25-cm chest wall tumor
died on the 16th and 18th months, respectively, after
diagnosis with a mortality rate of 14.3%.

Discussion

In this study, we report the clinical features, treatment
strategies and outcomes, complications, and survival of
14 patients with thoracic ES who underwent surgical
resection. In addition, we found that there was a male
predilection. ES mainly occurs in children and young
adults. Reportedly, ES is the 3rd most common primary
malignant neoplasm of bone and soft tissues seen in
children after osteosarcoma and rhabdomyosarcoma,
respectively [6]. Extraskeletal ES/peripheral PNETs
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(pPNETSs) are usually present in the 2nd decade of life
[6]. Familial cases have been reported, and Extraskel-
etal ES/pPNET may rarely occur as a 2nd malignant
neoplasm [7,8].

The most common sites for ES are flat bones or long
bones of the leg, mostly located in the pelvis, axial skel-
eton, and femur. Extraskeletal ES incidence is variable
and ranges from 1/5,000000 to 1/10,000000. In our
study, ES developed or invaded the ribs in 8 patients
(72.7%), whereas 27.3% of them were extraskeletal.
The typical clinical presentation for ES is pain or swell-
ing around the tumor site [8]. In this study, cough was a
more frequent complaint than swelling.

EES/pPNET is often large at presentation, ranging
from 1 to 40 cm in diameter and frequently larger than
10 cm [6]. In this study, the mean tumor size of ex-
traskeletal and skeletal ES was 6.3 (2-12) cm and 13.6
(5-25) cm, respectively.

Classic ES/pPNET has patterns of formless sheets
and lobules of uniform round to oval cells, and spindle
cell areas may be present [9]. Mitoses are present in
variable numbers and are inconspicuous in some cases
[6]. The overlapping histologic, immuno-histochem-
ical, and cytogenetic, and molecular genetics features
cause diagnostic challenges despite significant clinical
and prognostic differences. EES and PNETSs are patho-
logically characterized by diffuse sheets of small round
cells that express vimentin as well as CD99 (a MIC2
gene product). The diagnosis can be confirmed by the

non-random chromosomal translocation involving the
ES breakpoint region 1 gene; t (11;22) (q24;q12) [10].

Figure 3. Thorax CT showing a huge Ewing sarcoma that was
originated from 10th rib and 25 cm diameter, in a 21-year-old

male patient.
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A capsule or pseudo-capsule frequently appears in
the resected tumor. In some cases, it was difficult to
identify any residual gross tumor in the margin, which
is important for the decision of radiotherapy [11,12].
Positive or close margins are generally managed by ra-
diotherapy. In this study, radiotherapy was used for 2
patients with 13 and 25 cm ES on the chest wall due to
close surgical margins. A 21-year-old male patient with
a 25-cm tumor had a recurrence on the 16th month of
the follow-up and eventually died on the 18th month
(case # 9). Furthermore, a 14-year-old male patient with
a 13-cm tumor had a 48-month EFS postoperatively.

There are limited studies concerning the manage-
ment of primary chest wall ES. The treatment of ES is
multimodal, which includes definitive surgery, radiation
therapy, or a combination of both, followed by induction
chemotherapy. Radiation therapy is applicable in unre-
sectable tumors or those that prove to have margins of
resection involved or closely approached by a tumor.
Treatment condensation for high-risk patients may con-
sist of high-dose chemotherapy, followed by stem cell
transplant. In this study, 2 male patients aged 13 and 27
with 8 and 2-cm tumor sizes, respectively, underwent
bone marrow transplantation [6,13,14]. The 27-year-old
patient had a recurrence in the 60th month following left
lower lobectomy, and wedge resection for the right lower
lobe was performed. Both the patients were followed up
for 36 and 84 months, respectively without mortality.

Prognosis is associated with age, localization, metas-
tasis, tumor size, origin tissue of tumor, chemotherapy
administered, and response to chemotherapy [15,16].
The current 5-year EFS rate for non-metastatic EWS/
pPNET ranges from 60%—75% [17].

Surgical resection of chest wall ES can be performed
as the initial therapy (up-front) or after the patient has
received neoadjuvant chemotherapy (delayed). Delayed
surgery can provide smaller resections and better mar-
gin negativity rates compared to up-front surgery [18].
Besides reducing the tumor volume and increasing the
rate of negative margin resections (R0), the other ben-
efit of neoadjuvant chemotherapy is decreasing the use
of radiotherapy [1]. A study of 98 patients with chest wall
ES showed that patients who underwent delayed surgery
had a higher frequency of successful complete resec-
tion of the tumor and decreased requirement of radiation
therapy to the chest [19]. The primary aim is to provide
complete resection with adequate margins. Neoadjuvant
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chemotherapy prevents the patient from radiation therapy
and its potential long-term complications, including pul-
monary fibrosis, increased incidence of coronary artery
disease, and a significant incidence of secondary tumors
[19]. Radiation therapy in doses recommended for the
treatment of ES/PNET has been associated with a sig-
nificant incidence of secondary tumors in these patients
(10%-30%), and delayed resection resulted in a signifi-
cant decrease in the proportion of patients requiring chest
radiation therapy [19]. However, in this study, only one
patient received neoadjuvant chemotherapy and relapse
occurred in the 4th month postoperatively.

The main limitation of this study was its retrospec-
tive nature and the benefit of total resection of the af-
fected ribs could not be proved.

In conclusion, although ES is an aggressive disease
with a high incidence of local recurrence and distant me-
tastases, long-term survival is achievable with appropri-
ate and aggressive multimodal therapy. Relapses are not
rare, but if they occur, surgical resection for secondary
tumors can help improve survival. Surgical treatment
with adequate margins in association with appropriate
use of combined chemotherapy and postoperative ra-
diotherapy or bone marrow transplantation, when indi-
cated, is necessary for preventing relapses and achiev-
ing longer survival rates. Further prospective and larger
sample size studies are recommended to determine the
prognostic factors and treatment results of thoracic ES.
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