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Abstract
Periosteal Ewing sarcoma (ES) is an exceedingly rare topographic subtype of the ES. To our knowledge, only 60 patients
have been reported in the medical English language literature. It predominantly affects men in the second decade of life
and arises in the long tubular bone diaphysis. PES rarely develops distant metastases. We report two patients of this rare
ES location that were found on the distal tibial shaft and proximal femoral diaphysis of a 21-year-old man and an 8-year-
old boy, respectively. Both patients were treated with neoadjuvant chemotherapy, wide resection, and adjuvant chemo-
therapy. One of our patients had lung metastases at the time of diagnosis and died 5 years later. The other patient pre-
sented intramedullary humeral bone metastasis 19 years after diagnosis. There has been no evidence of disease in the 26
years of follow-up. Close follow-up of periosteal ES is recommended because distant metastases may exceptionally occur,
even several years after diagnosis.
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Introduction

In the lastWorld Health Organization classification, the term
Ewing sarcoma (ES) encompasses small round cell sarco-
mas showing fusion genes involving the FET family of
genes and the ETS family of transcription factors.1 New
small round cell sarcomas with similar morphology than
ES that present EWSR1-non-ETS fusions, CIC or BCOR
rearrangements have been recently described and are con-
sidered to be distinct from ES.1 Molecular confirmation
tests are needed for an ES diagnosis. This type of sarcoma
is treated with neoadjuvant chemotherapy that is based on
the IE-VAC scheme (etoposide, ifosfamide, vincristine,
doxorubicin, and cyclophosphamide) and/or radiotherapy,
surgery, and adjuvant chemotherapy and/or radiotherapy.1

ES is the second most common primary malignant bone
tumor in children and young adults.1 It usually arises in the
medullary cavity of the diaphysis or diaphyseal-metaphyseal
region of long bones, the pelvis, and the ribs.1 A total of
10% of all patients have been located in extraskeletal loca-
tions.1 To our knowledge, only 60 periosteal ES have
been reported in the medical literature.2–18 The objective

of this article is to present the clinical, radiological, and his-
topathological features of periosteal ES, as well as outline
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the management of two patients that presented this very rare
location of ES.

Materials and Methods

La Paz University Hospital in Madrid is a tertiary hospital
and one of the expert hospitals for bone and soft tissue
tumor management in Spain. All the ES patients diagnosed
in the Pathology Department at the La Paz University
Hospital in Madrid between 1966 and 2022 were reviewed
in the present study. Clinical information and radiological
images were obtained from the medical records. All avail-
able materials from the pathology files were reviewed,
including hematoxylin and eosin-stained slides, immunohis-
tochemical stains, and molecular tests. Molecular testing in
selected ES patients was completed retrospectively by next-
generation sequencing (NGS) which allowed us to effi-
ciently detect major genetic alterations, including fusion
genes. DNA samples were analyzed using the customized
panel mut4Child where 324 genes related to pediatric non-
central nervous system tumors were sequenced by the
Illumina platform (NovaSeq6000). Thereafter, raw data
was analyzed by a tailor-made pipeline. DNA sequence
reads were aligned on the human reference sequence
hg19 using Burrows-Wheeler Aligner (v0.7.17). poly-
merase chain reaction (PCR) duplicates were removed

by Picard (v2.18.25), and recalibration of the reads was
done by the Genome Analysis Toolkit (GATK
v4.1.4.9). Fusion genes were studied using Manta soft-
ware (v1.6.0) and annotated in a Variant Call File) with
the gene name of, at least, one partner, structural variant
type, genomic position, and number of pair and split-read
alignments. Fusion genes were filtered and identified
using VarSeq™ v2.5.0 and the Integrative Genomics
Viewer.

Results

Three hundred and nine patients of ES patients were regis-
tered. Only two of them (0.64%) had a periosteal location.
Consent for publication was obtained from the patient and/
or families.

Patient 1

A previously healthy 21-year-old man was referred to our
center because of pain and swelling in his right tibia after a
local trauma. He had been noticing a mass in the area for 3
years. A physical examination revealed a painful mass on
the internal surface of his tibial distal diaphysis.

The radiograph showed an irregular destructive pattern
on the surface of the medial cortex of the tibial shaft, with

Figure 1. (a) Initial plain radiography: Internal distal diaphyseal periosteal tibial irregularity, with no cortical nor medullary distortion.
(b) Initial T1-WI MRI: Hypointense mass closely adherent to the periosteum. (c) Initial T2-WI MRI: Hyperintense lobulated mass. (d)
H&E, x100: Small to medium size round blue cells with a diffuse growth pattern. (e) PAS, x200: PAS cytoplasmic positivity and irregular
nuclei without nucleoli. (f) CD99, x200: Diffuse membranous positivity. MRI, magnetic resonance imaging; WI, weighted image; PAS,
periodic acid-Schiff.
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some periosteal reaction, and an associated soft tissue mass.
Neither the deep zone of the cortex nor the medullary cavity
seemed to be affected (Figure 1a). Magnetic resonance
imaging (MRI) revealed a 5× 2 cm lobulated mass closely
adherent to the periosteum, which was isointense to
muscle on T1-weighted image (WI) (Figure 1b), clearly
hyperintense on T2*-WI (Figure 1c) and showed no sur-
rounding inflammatory changes. After gadolinium adminis-
tration, a mostly peripheral enhancement was seen. The first
tentative diagnosis was a post-traumatic subperiosteal hema-
toma, with a malignant tumor having been less probable.
The CT extension study showed a less than 1 cm nodular
lesion in the inferior right lobe and small adenopathies in
the axillar and inguinal region. A bone scintigraphy revealed
uptake only in the right tibial region.

An ultrasound-guided core biopsy of the mass was per-
formed. The histopathological analysis showed small to
medium size uniform round blue cells with a diffuse
growth pattern (Figure 1d). The cells presented indistinct
cytoplasmic membranes, ill-defined scanty eosinophilic
cytoplasm and irregular nuclei with stippled chromatin and
inconspicuous nucleoli (Figure 1d and 1e). Periodic
acid-Schiff staining revealed prominent cytoplasmic glycogen
granules (Figure 1e). Some apoptotic cells were present. No
rosettes nor gland formation were identified. In terms of

immunohistochemistry, the tumor cells showed diffuse mem-
branous positivity for CD99 (Clone 12E7, ready to use (RTU),
Agilent-Dako) (Figure 1f) and a cytoplasmatic reaction to
vimentin (Clone V9, RTU, Agilent-Dako). These cells were
negative for keratin (Clone AE1/AE3, RTU, Agilent-Dako),
CD45 (Clones 2B11 and PD7/26, RTU, Agilent-Dako),
DNTT (Clone EP266, RTU, Agilent-Dako), S100 protein
(Polyclonal, RTU, Agilent-Dako), muscle-specific actin
(Clone HHF35, RTU, Agilent-Dako), MyoD1 (Clone
5.8A, RTU, Agilent-Dako), and synaptophysin (Clone
DAK-SYNAP, RTU, Agilent-Dako). A molecular biology
study for the translocation of the EWSR1 gene using the
FISH technique on interphase nuclei (Vysis LSI EWSR1
Break Apart FISH Probe Kit, Abbott) was positive in 77%
of the nuclei (Figure 2a). Based on clinical, radiological, his-
topathological, and molecular findings, a diagnosis of peri-
osteal ES was made.

The pre-chemotherapy MRI (Figure 2b and c) showed
that the tumor had grown significantly to 9× 5 cm main-
tained the T1-WI hyposignal, which had scattered areas
of hyperintensity that were suggestive of hemorrhagic
changes, and had a markedly heterogeneous T2-WI hyper-
signal with the presence of cystic areas of necrosis inside.
The adjacent bony cortex showed complete infiltration in
3/5 of the tibial perimeter, with some areas of slight

Figure 2. (a) FISH: EWSR1 gene rearrangement. (b) Pre-chemotherapy sagittal T1-FatSat-CE-WI MRI: Heterogeneous enhancement
of the mass with cortical involvement and medullar edema pattern enhancement. (c) Pre-chemotherapy axial T1-CE-WI MRI:
Heterogeneous enhancement of the mass and cortex with cystic necrotic areas. (d) Post-chemotherapy plain radiography: Egg-shell
calcified mass with septa from periosteal uplift in the distal tibial shaft. (e) Post-chemotherapy CE-MRI: Decreased size of the mass with
increased areas of necrosis. (f) Macroscopic examination: Internal tibial periosteal mass with cavities separated by osseous walls. MRI,
magnetic resonance imaging; WI, weighted image.
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periosteal reaction, and an edema pattern in the adjacent
medullary cavity. After gadolinium administration, marked
heterogeneous enhancement of the mass and areas of corti-
cal infiltration were observed, as well as a diffuse enhance-
ment in the adjacent medullary cavity and around the soft
tissue mass. A bone marrow biopsy showed no evidence
of infiltration. The patient started neoadjuvant chemotherapy
with the IE-VAC scheme. After chemotherapy, radiographs
showed marked calcification of the surface of the mass
(from periosteal uplift) with internal septa (Figure 2d).
MRI evidenced a slight decrease in the size of the mass
with an increase in necrotic areas and markedly less hetero-
geneous enhancement after gadolinium (Figure 2e).

In the post-chemotherapy extension CT, several milli-
metric (6 mm the highest) nodular images were found in
both lungs, as well as inguinal and iliac adenopathies.
The patient underwent a limb salvage surgery. A wide
intercalary diaphyseal-metaphyseal tumor resection of the
distal tibia was performed. Bone reconstruction was done
with a vascularized contralateral fibula autograft and osteo-
synthesis with a locking compression plate was performed.
To give the best coverage to the bone reconstruction, a
microvascular free tissue transfer with the latissimus
dorsi flap was carried out.

Examination of the tibial resection was performed in the
Pathology Department. It measured 14 cm long and

included skin, soft tissues, and a bone segment of the dia-
physis of the right tibia. A diaphyseal periosteal mass at
the medial margin of the tibia mass composed of cavities
filled with grayish gelatinous content separated by osseous
strands was present (Figure 2f). An exhaustive sampling
of the tumor was done, including those areas related to the
cortical and the underneath medullary region. No cortical,
medullary, or soft tissue infiltration were macroscopically
detected. Post-chemotherapy changes (tumoral necrosis,
fibrosis, and interstitial hyalinization) affected 85% of the
tumoral cells (Figure 3a). The residual viable cells were
identical to those of the previous core needle biopsy.
Surgical margins were free.

No early post-operative complications arose.
Post-operative chemotherapy was administered continuing
the same regimen. A year after the bone surgery, an atyp-
ical segmentectomy of the medial right pulmonary lobe
was performed. The diagnosis of ES metastases was
made (Figure 3c). The retrospective analysis by NGS
only detected EWRS1::FLI fusion gene (Figure 3b), the
same genetic alteration previously identified in the original
tumor. After the pulmonary nodule resection, chemother-
apy with high-dose ifosfamide was initiated. Four years
after the first bone surgery, the proximal fibular osteosyn-
thesis developed pseudoarthrosis, and the distal osteosyn-
thesis material was broken (Figure 3d); therefore, the

Figure 3. (a) H&E, x40: Post-chemotherapy changes with residual tumoral cells (*). (b) NGS: Schematic of the EWSR1::FLI1
translocation involved. (c) H&E, x100: ES pulmonary metastasis. (d) Post-surgery plain radiography: Distal osteosynthesis material
failure. (e) Chest CT: Pulmonary unresectable metastases. ES, Ewing sarcoma; NGS, next-generation sequencing.
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patient was operated on again with an iliac crest autograft
and a new medial osteosynthesis plate. The pulmonary
disease continued progressing, being unresectable
(Figure 3e). The patient received several lines of systemic
therapy, with one of them including a clinical trial by the
Spanish Group of Sarcoma Research (GEIS), which
assessed the efficacy and safety of nab-paclitaxel. The
patient died 5 years after diagnosis.

Patient 2

A previously healthy 8-year-old boy was referred to our
center because he presented swelling and pain in his left
femur for a month. He did not refer to any prior local
trauma. A physical examination detected a painful
mass on the external surface of the medial femoral
diaphysis.

The plain radiography (Figure 4a) and CT (Figure 4b)
images showed cortical thickening with irregular periosteal
reaction in the medial area of the proximal femoral shaft. No
densitometric involvement of the bone marrow was
detected. An ultrasound-guided core biopsy was performed.
A small and round cell sarcoma similar to patient 1 was seen
(Figure 4c and 4d). A molecular biology study for the translo-
cation of the EWSR1 gene using the FISH technique on inter-
phase nuclei (SureFISH EWING 5’ and 3’ Chr22 probes,
Agilent-Dako) was positive in 95% of the analyzed nuclei
(Figure 4e). The extension study showed no other lesions.

Based on the clinical, radiological, histopathological, and
molecular findings, a diagnosis of periosteal ES was made.

A bone marrow biopsy showed no evidence of infiltra-
tion. The patient started neoadjuvant chemotherapy with
the Pediatric Hemato-Oncology Spanish Society Protocol.
No metastases were present in the post-chemotherapy exten-
sion study. The patient underwent a limb salvage surgery. A
wide intercalary diaphyseal tumor resection of the femur
was performed. The bone reconstruction was performed
with an intercalary allograft and an osteosynthesis with an
intramedullary rod and a distal locking compression plate
was necessary.

An intercalary femoral resection was performed in the
Pathology Department, which measured 21.5 cm and included
soft tissues and the bone segment of the diaphysis of the left
femur. An external femoral diaphyseal periosteal whitish
thickening was observed, with partial cortical erosion and
medullary sclerosis (Figure 5a). Post-chemotherapy tumoral
necrosis affected 90% of the tumoral cells (Figure 5b).
Small tumor foci were detected infiltrating the cortical bone
surface (Figure 5c) but no medullary infiltration was demon-
strated. An exhaustive sampling of the tumor similar as in
the first case was done. Surgical margins were free. A
second surgery was performed due to a deviation of the
bone after a fall and a plate was added to the distal femur
(Figure 5d). Post-operative chemotherapy was administered.

No evidence of disease was present 19 years after diag-
nosis until a left humerus pathological fracture was detected

Figure 4. (a) Initial femoral plain radiography and (b) Initial CT: Thickening of the medial femoral shaft cortex, with irregular
periosteal reaction and no medullary distortion. (c) H&E, x400: Small to medium size round blue cells with a diffuse growth pattern. (d)
CD99, x200: Diffuse membranous positivity. (e) FISH: EWSR1 gene rearrangement.
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by radiological images (Figures 5e and 6a). A tumoral lesion
in the proximal epiphysis, metaphysis, and diaphysis was
seen. A staging study did not detect other lesions. A percu-
taneous core biopsy was performed, with a densely packed
small round cell tumor, histologically similar to his previous
femoral biopsies. A diagnosis of metastatic ES was done
(Figure 6c). The presence of EWRS1::FLI fusion gene
(Figure 6b) and no other genetic mutations was retrospec-
tively confirmed by NGS, being the same fusion gene as
in the original tumor.

Neoadjuvant chemotherapy with the IE-VAC scheme
was administered. The patient underwent an intraarticu-
lar wide proximal humeral resection. A composite bone
reconstruction was necessary with a reversed humeral
prosthesis (MUTARS®) (Figure 6d) and an intercalary
allograft. An osteosynthesis with anteromedial and pos-
terolateral locking compression plate plates was carried
out. Examination of the proximal humeral resection
was performed in the Pathology Department. Post-che-
motherapy necrosis affected 95% of the tumoral cells
(Figure 6e). Surgical margins were free. Adjuvant che-
motherapy was administered with the EVAIA scheme.
Seven years after the humeral metastasis, the patient is
free of disease.

Discussion

Periosteal ES is an extraordinarily rare location for ES
characterized by a tumoral epicenter in the subperiosteal
area, which usually does not extend to the medullary
cavity.16 A thin layer of periosteum radiologically
encases the tumor from the adjacent soft tissues.17

Kumar et al17 recently radiologically described some
tumors in bones with a fine cortex that may present med-
ullary involvement. To our knowledge, only 60 perios-
teal ES patients have been reported in the medical
literature2–9,11–18 (Table 1).

We report two new tumors in an 8-year-old man and a
21-year-old boy. Periosteal ES presents a marked men
predominance (thirty-four men vs nine women) and pre-
dominantly occurs in the second decade of life. Only
eight tumors have been found in patients over 20 years
old.3,5,7,10,15,17 Another two tumors in children younger
than 10 have been described.3 Periosteal ES more fre-
quently arises in the diaphysis of long bones (19 tumors
in the femur, 12 in the humerus, and five in the tibia),
although other bones have been affected (two tumors in
the ilium, two in the superior pubic ramus, and one in
the scapula).3,17

Figure 6. (a) Humeral pre-chemotherapy MRI: Infiltration of the medullary cavity of the proximal 2/3 of the humerus due to a solid
tumor with hypersignal in T2-WI. (b) NGS: Schematic of the EWSR1::FLI1 translocation involved. (c) H&E, x100: Small to medium size
round blue cells. (d) Humeral post-surgery plain radiography: Composite allograft prosthesis with reversed humeral prosthesis
(MUTARS®) and intercalary allograft. (e) H&E, x40: post-chemotherapy changes with residual tumoral cells. NGS, next-generation
sequencing; MRI, magnetic resonance imaging; WI, weighted image.
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Given the infrequency of this tumoral location, this type
of sarcoma usually presents a low clinical-radiological sus-
picion. Periosteal ES is radiologically distinguished from
medullary ES due to the absence of medullary and soft
tissue invasion.17 No Codman triangle is seen in periosteal
ES.16 Sometimes extraskeletal ES may mimic periosteal
ES when it erodes the cortex and produces a periosteal
reaction or causes surface bone erosion, but MRI and CT
scans demonstrate the non-periosteal origin of extraskeletal
ES.17 In the Violon et al16 series, 50% of the patients were
misdiagnosed as soft tissue tumors. The radiological fea-
tures of periosteal ES are similar to other periosteal malig-
nant tumors (chondrosarcoma, osteosarcoma) except for
the absence of a calcified matrix.17 Periosteal ES may
also be confused with benign entities such as a subperios-
teal aneurysmal bone cyst that presents the characteristic
fluid-fluid levels on MRI scans, or periosteal hemangioma,
which has an eccentric growth from the periosteal uplift
and cortical erosion.17 Non-tumoral lesions such as subper-
iosteal hematoma, osteomyelitis, intracortical abscess, and
stress fracture can also be included in the differential
diagnosis.18

Periosteal ES are histopathologically and immunohisto-
chemically similar to medullary ES and extraskeletal ES.7

The main histological differential diagnosis of small round
cell tumors should be made with CIC rearranged sarcomas,
BCOR rearranged sarcomas, round cell sarcoma with

EWSR1-non-ETS fusion, desmoplastic small round cell
tumor, alveolar rhabdomyosarcomas, small cell osteosarco-
mas, mesenchymal chondrosarcomas, lymphomas, and neu-
roblastomas.17 CIC rearranged sarcomas may be CD99
focal positive but are WT1 and ETV4 positive and often
present the CIC::DUX4 fusion gene. A round to spindle
cell morphology, variable myxoid stroma, CyclinD1,
SATB2 and BCOR immunostaining and BCOR genetic
alterations are seen in BCOR rearranged sarcomas. Round
cell sarcoma with EWSR1::PATZ1 fusion genes express
neurogenic and myogenic markers, present a fibrous
stroma, and FISH technique may not detect the fusion
gene so other molecular test are needed to determine the
genetic alteration of these tumors. Round cell sarcoma
with EWSR1::NFATC2 fusion gene are round or fusocelular
CD99 positive cells in a myxohyaline stroma and molecular
studies are fundamental to differentiate it from ES.
Desmoplastic small round cell tumor is composed by
CD99 negative, and C-terminus WT1, keratin and desmin
strong immunoreactive cells in a desmoplastic stroma.
Alveolar rhabdomyosarcomas are soft tissue tumors that
display strong and diffuse myogenin stain and FOXO1 rear-
rangement. Some small cell osteosarcomas may show CD99
positive staining, but they contain osteoid matrix and
SATB2 positivity. Mesenchymal chondrosarcomas may
also show CD99 positive staining, but areas of a chondroid
matrix with non-atypical chondrocytes, which display

Figure 5. (a) Macroscopic examination: External femoral diaphyseal periosteal whitish thickening, partial cortical erosion, and
medullary sclerosis. (b) H&E, x40: Post-chemotherapy changes with residual tumoral cells. (c) H&E, x100: Microscopic cortical
infiltration (fx1). (D) Femoral post-operatory plain radiography: Intercalary diaphyseal resection, osteosynthesis, and plate. (e) Humeral
plain radiography: Widening of the medullary cavity with lytic areas and pathological fracture.
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Table 1. Previous Periosteal ES Reported Patients in Literature.

Case Article, year
Age,
sex Site Treatment Molecular findings Follow-up

1 Bator, 1986 13, M Humerus,
diaphysis

NA CT+ radical resection+A
CT

Not mentioned 2 years, NED

2 Kolar, 1989 13, M Femur, diaphysis NA CT and RT+ resection Not mentioned 1.5 years, NED
3 Kolar, 1989 8, M Femur, diaphysis NA CT and RT+ extirpation Not mentioned 1 year, metastasis in

humeral condyle and local
recurrence treated with
RT; 3.5 years, NED

4 Kolar, 1989 16, M Tibia, diaphysis NA CT and RT+ resection Not mentioned 1.5 years, NED
5 Kolar, 1989 15, M Femur, diaphysis NA CT and RT+ resection Not mentioned 2.5 years, NED
6 Kolar, 1989 36, M Femur, diaphysis NA CT and RT+ resection Not mentioned 1.5 years, NED
7 Kolar, 1989 3.5,

M
Scapula,
muscular
invasion

NA CT and RT+ resection Not mentioned 1 year, dead

8 Wuisman,
1992

18, M Humerus,
diaphysis

Wide resection Not mentioned INA

9 Wuisman,
1992

11, F Humerus,
diaphysis

Wide resection Not mentioned INA

10 Wuisman,
1992

15, M Femur, diaphysis NA CT and RT+wide excision Not mentioned INA

11 Shapeero,
1994

11, F Humerus,
diaphysis

NA CT and RT+ radial excision+
A CT and RT

Not mentioned 2 years, NED

12 Shapeero,
1994

13, M Humerus,
diaphysis

NA CT+wide excision+A CT Not mentioned 2 months, NED

13 Shapeero,
1994

13, M Humerus,
diaphysis

wide excision+A CT Not mentioned 8 years, NED

14 Shapeero,
1994

14, M Femur, distal
metadiaphysis

NA CT+wide excision+A CT Not mentioned 6 years, NED

15 Shapeero,
1994

14, M Femur, diaphysis NA CT and RT+wide excision Not mentioned 6 years, radio-induced
osteosarcoma,

amputation; 10 years,
NED

16 Shapeero,
1994

14, F Humerus,
diaphysis

NA CT+wide excision+A CT Not mentioned 1.5 years, NED

17 Shapeero,
1994

15, M Femur, diaphysis NA CT and RT+wide excision+
A CT

Not mentioned 2 years, NED

18 Shapeero,
1994

15, M Femur, diaphysis NA CT+wide excision Not mentioned 6 years, NED

19 Shapeero,
1994

16, M Fibula, distal
metadiaphysis

NA CT and RT+wide excision+
A CT and RT

Not mentioned 5 years, NED

20 Shapeero,
1994

18, M Humerus,
diaphysis

NA CT+wide excision+A CT Not mentioned 2.5 years, NED

21 Shapeero,
1994

30, M Humerus,
diaphysis

NA CT+wide excision+A CT Not mentioned 2.5 years, NED

22 Kenan, 1994 13, M Tibia, diaphysis NA CT+wide resection Not mentioned 3 years, NED
23 Declerck,

1995
INA INA INA Not mentioned INA

24 Kollender,
1999

16, M Femur, diaphysis NA CT+wide resection+A CT Not mentioned 3 years, NED

25 Kollender,
1999

27, M Femur, diaphysis NA CT and RT+wide resection
+A CT and RT

Not mentioned 1.5 years, NED

26 Hatori, 2001 20, F Humerus, distal
third

NA CT and RT+wide excision+
A CT

Not mentioned 6 years, NED

27 Hatori, 2001 15, F Humerus, distal
metaphysis

Wide excision Not mentioned 8 years, NED

(continued)
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Table 1. (continued)

Case Article, year
Age,
sex Site Treatment Molecular findings Follow-up

28 Hatori, 2001 16, F Femur, diaphysis Wide excision Not mentioned 4 years, NED
29 Delepine,

2002
14, M Femur, diaphysis NA CT+ en bloc resection+A

CT
Not mentioned 13.5 years, NED

30 Delepine,
2002

12, M Femur, diaphysis NA CT+ resection+A CT Not mentioned 13 years, NED

31 Delepine,
2002

18, M Femur, diaphysis NA CT+ partial cortical excision
+A CT

Not mentioned 2 years, NED

32 Delepine,
2002

17, M Femur, diaphysis NA CT+ total diaphysis
resection

Not mentioned 1,5 years, NED

33 Erlemann,
2002

28, M Humerus,
diaphysis

NA CT+wide resection+A CT Not mentioned NED

34 Yoshida,
2005

6, M Humerus,
proximal

epimetaphysis

NA CT+Marginal or
intralesional

resection and RT+A CT

No fusions
detected
(RT-PCR)

1 year, NED

35 Aymoré,
2005

12, M Femur NA CT+ cortical segmental
resection

Not mentioned 2 years, NED

36 Hakozaki,
2007

13, M Femur, diaphysis NA CT+wide excision+A CT EWS-FLI1 type 1
chimeric fusion (RT

-PCR)

1.5 years, NED

37 Bonvin, 2007 INA INA INA INA INA
38 Bedard, 2017 65, M Tibia, proximal

diaphysis
Neoadjuvant chemotherapy,

radical resection, and
adjuvant chemotherapy

EWSR1 gene
rearrangement

(FISH)

INA

39 Violon, 2022 INA Long bone,
diaphysis

INA Not mentioned INA

49 Violon, 2022 INA Long bone,
diaphysis

INA Not mentioned INA

50 Violon, 2022 INA Long bone,
diaphysis

INA Not mentioned INA

51 Violon, 2022 INA Long bone,
diaphysis

INA Not mentioned INA

52 Violon, 2022 INA Long bone,
diaphysis

INA Not mentioned INA

53 Violon, 2022 INA Long bone,
diaphysis

INA Not mentioned INA

54 Kumar, 2022 21, M Femur, diaphysis NA CT+Radical resection with
hemicortical femur resection and

allograft reconstruction

Not mentioned 9 years, NED

55 Kumar, 2022 11, F Tibia, diaphysis NA CT+Radical resection with
intercalary allograft
reconstruction

Not mentioned 11 years, NED

56 Kumar, 2022 20, M Superior pubic
ramus

NA CT+ hemipelvectomy and
radical resection

Not mentioned 10 years, NED

57 Kumar, 2022 12, F Ilium NA CT+ hemipelvectomy Not mentioned 1.5 years, lung metastasis
treated with RT, dead

58 Kumar, 2022 41, M Tibia, diaphysis CT and RT Not mentioned 9 years, NED
59 Kumar, 2022 21, M Ilium NA CT+ hemipelvectomy, partial

sacrectomy and S1, S2 and S3
laminectomy

Not mentioned 8 months, lung and brain
metastases treated with

RT, dead
60 Kumar, 2022 66, F Superior pubic

ramus
NA CT and RT+ radical

resection
Not mentioned 7 years, NED

61 Patient 1,
present

study, 2024

21, M Tibia, distal
diaphysis

NA CT+ intercalary
diaphyseal-metaphyseal resection

EWSR1 gene
rearrangement

(FISH)

1 year, lung metastasis
treated with surgery and

CT; 5 years, dead

(continued)
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immunoreaction against SOX9 and HEY1::NCOA2 fusion
genes, are found. Lymphomas demonstrate CD45 positivity
and neuroblastomas are positive against chromogranin and
synaptophysin, and are CD99 negative.2

Molecular studies of periosteal ES were mentioned only
in three previous articles. Hakozaki et al reported a perios-
teal ES tumor with a EWS::FLI1 fusion that was detected
by a reverse transcription-polymerase chain reaction
(RT-PCR)13 while Yoshida et al did not find neither a
EWS::FLI1 or a EWS::ERG fusion gene by RT-PCR, and
proposed that other gene fusions might be related to perios-
teal ES.11 In both our tumors, the EWSR1 gene rearrange-
ment was detected using the FISH technique and recently
the EWRS1::FLI fusion gene was detected in the NGS.

All ES are managed with the same treatment protocol.
Patients start with systemic neoadjuvant chemotherapy
and/or radiotherapy for micrometastases eradication,19

continue with surgical resection for local control, and con-
clude with adjuvant chemotherapy and/or radiotherapy.
The appearance of osteosarcoma following radiotherapeu-
tic treatment has been reported in one patient.5 Periosteal
ES usually lacks metastases, although the mean follow-up
in previously reported tumors is only 3.1 years. This may
be due to the anatomical barriers surrounding the origin
(cortical bone and periosteum).13 Only three previously
reported tumors developed distant metastasis in the
humeral bone,3 in a lung,17 and in the brain,17 which
were detected within the first 1.5 years after the diagnosis.
In one of our patients, lung metastasis was detected at the
time of diagnosis. In the other patient, bone metastasis was
detected nineteen years after the initial diagnosis. Remote
ES metastasis (> 5 years from the primary tumor) have
not yet been described in periosteal ES. In our patient 2,
it may be related to anatomical barriers surrounding the
tumor and the small percentage (5%) of viable tumoral
cells after initial chemotherapy.

Conclusion

Periosteal ES is an extremely rare tumoral location with
histological, immunohistochemical, and molecular features

that allow for an accurate diagnosis. Periosteal ES should
be considered in clinical and radiological differential diag-
noses of juxtacortical bone tumors. A precise diagnosis is
needed for the sarcoma to not be misdiagnosed as a
benign lesion and also in order to perform the correct
initial management strategies. Carrying out a close
follow-up is recommended as the possibility of there
being metastasis exists despite its low reported frequency,
even several years after diagnosis.
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Table 1. (continued)

Case Article, year
Age,
sex Site Treatment Molecular findings Follow-up

and fibula allograft reconstruction
+A CT

EWRS1::FLI fusion
genes (NGS)

62 Patient 2,
present

study, 2024

8, M Femur, diaphysis NA CT+wide resection and
allograft reconstruction+A CT

EWSR1 gene
rearrangement

(FISH)
EWRS1::FLI fusion
genes (NGS)

19 years, humeral
metastasis treated with
surgery and A+NA CT;

26 years, NED

ES, Ewing sarcoma; NA, neoadjuvant; A, adjuvant; CT, chemotherapy; RT, radiotherapy; NED, no evidence of disease; INA, information not available;
RT-PCR, reverse transcription-polymerase chain reaction; FISH, fluorescent in situ hybridization; NGS, next-generation sequencing.
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Trial Registration

Not applicable, because this article does not contain any clinical
trials.
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