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Abstract. Introduction. Ewing sarcoma is a highly aggressive malignant bone tumor associated with a high risk of
relapse and metastatic spread, whereas skull and intracranial involvement remains rare and clinically challenging.
Aim. The aim of this case report is to describe a late metastatic relapse of Ewing sarcoma presenting as a right parietal
bone metastasis with intracranial extension 2.9 years after completion of Euro-Ewing 2012 protocol treatment and
left transfemoral amputation, and to discuss implications for individualized post-remission surveillance.

Materials and Methods. An 11-year-old patient initially achieved complete clinical remission after multimodal
treatment for Ewing sarcoma of the left lower limb; however, due to emergency evacuation and subsequent treatment
abroad after the beginning of the full-scale invasion of Ukraine, primary diagnostic documentation was limited, and
regular surveillance imaging during remission was not performed according to the available history. In August 2025,
the patient was admitted with persistent fever without an identifiable infectious source and subsequently developed
a painless right parietal mass with headache. Brain CT and MRI revealed osteolytic destruction of the right parietal
bone with a paraosseous soft-tissue component and intracranial parameningeal extension, while histopathological
examination confirmed metastatic Ewing sarcoma.

Results. Systemic staging demonstrated additional metastatic lesions in the left iliac bone and segment S5 of the
right lung. Second-line treatment included high-dose ifosfamide-based chemotherapy, peripheral blood stem cell
mobilization and collection, surgical resection of the cranial metastasis, and high-dose chemotherapy with autologous
stem cell transplantation followed by referral for consolidative radiotherapy. After two cycles of chemotherapy, partial
response was achieved according to RECIST 1.1 criteria, with reduction of the cranial, iliac, and pulmonary lesions;
subsequent imaging showed complete regression of the pulmonary metastasis and stabilization of the iliac bone
lesion. The cranial metastasis was resected with RO margins, although isolated tumor cell elements were identified
on the dural surface.

Conclusions. This case illustrates that Ewing sarcoma may relapse after a prolonged remission period with atypical
cranial and intracranial involvement and may initially present with nonspecific symptoms. Current follow-up
strategies mainly focus on the primary site and chest imaging and may fail to detect rare metastatic localizations
at an early stage. Brain MRI should not be interpreted as a routine requirement for all survivors; rather, it may
be considered in selected patients with neurological symptoms, cranial complaints, unexplained fever without an
identifiable source, or other high-risk clinical features. Further prospective studies are required to define standardized
indications for neuroimaging during long-term follow-up of Ewing sarcoma survivors.

Keywords: sarcoma, ewing; neoplasm metastasis; skull neoplasms; brain neoplasms; magnetic resonance imaging;
ifosfamide; hematopoietic stem cell transplantation.
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Introduction

Ewing sarcoma (ES) is an aggressive malignant
tumor predominantly affecting children, adolescents,
and young adults, accounting for approximately 10-
15% of primary bone sarcomas [1]. It most commonly
arises in the pelvis, axial skeleton, and long bones such
as the femur, presenting with nonspecific symptoms
including pain and swelling, which may delay
diagnosis. Despite multimodal treatment approaches
combining chemotherapy, surgery, and radiotherapy,
approximately 25% of patients with initially localized
disease experience relapse, often associated with poor
prognosis and a 5-year survival rate of about 13% [2].

At the molecular level, ES is characterized by
chromosomal translocations, most commonly
t(11;22)(q24;q12), resulting in the EWSRI1-FLI1
fusion gene in approximately 85% of cases [3]. This
aberrant transcription factor plays a central role
in tumor biology, contributing to proliferation,
intratumoral heterogeneity, and metastatic potential.
Tumor dissemination follows a multistep cascade
involving invasion, intravasation, circulation,
extravasation, and colonization at distant sites. ES
most frequently metastasizes to the lungs, bones,
and bone marrow [4], whereas intracranial and skull
involvement remain rare manifestations [5][6][7].

Although most recurrences occur within the first
two years after diagnosis [8], late relapses are well
documented, underscoring the need for prolonged
surveillance. However, there is currently no
universally accepted follow-up strategy for patients
in remission, particularly regarding the detection
of rare metastatic sites such as the central nervous
system. Existing recommendations primarily focus
on imaging of the primary tumor site and chest [9],
potentially overlooking atypical patterns of disease
progression.

This case highlights a rare presentation of
late metastatic relapse of Ewing sarcoma with
involvement of the right parietal bone and intracranial
extension following a prolonged remission period. It
underscores the diagnostic challenges associated with
atypical metastatic spread and emphasizes the need
for individualized, symptom-oriented surveillance
strategies, including selective use of neuroimaging
in patients with neurological symptoms, cranial
complaints, unexplained fever, or other high-risk
features.

Aim

To present a clinical case of late metastatic relapse of
Ewing sarcoma with intracranial extension occurring
2.9 years after remission was achieved; to analyze
current post-remission surveillance strategies and
identify gaps in follow-up algorithms, particularly
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the lack of clear indications for neuroimaging in
symptomatic or high-risk patients; and to discuss the
role of EWSRI-FLII as a potential molecular driver
of metastatic potential and relapse risk.

Materials and Methods

This manuscript was prepared as a single-
patient clinical case report. Clinical data were
obtained retrospectively from the patient’s available
medical records, including diagnostic imaging,
histopathological findings, treatment documentation,
multidisciplinary tumor board conclusions, and
follow-up reports. Primary diagnostic information
was limited because the patient had been evacuated
from Kharkiv to Lviv and then to the United Kingdom
after the beginning of the full-scale invasion of
Ukraine, and only concise documentation from the
initial diagnostic and treatment period was available.
Imaging assessment included CT and MRI of the
cranial lesion, contrast-enhanced staging CT, and
post-treatment control imaging. Tumor response
was evaluated according to RECIST 1.1 criteria. The
clinical course, diagnostic and treatment decisions,
and outcome data were described narratively and
compared with published literature on relapsed
Ewing sarcoma, skull metastases, and intracranial
involvement. No statistical analysis was performed
because this report presents a single clinical
observation.

Case Presentation

An 1l-year-old patient initially presented in
February 2022 with complaints of periodic pain in the
left lower limb, primarily in the femoral and gluteal
regions. The condition was initially misinterpreted
as osteomyelitis involving the upper third of the
left tibia, and osteoperforation was performed at
Kharkiv Regional Children’s Clinical Hospital No. 1
on 17 February 2022. After the beginning of the full-
scale invasion of Ukraine, the patient was evacuated
to Lviv on 7 March 2022 and subsequently to the
United Kingdom on 13 March 2022 for continuation
of diagnostic assessment and specialized oncological
care. On 16 March 2022, a biopsy of the proximal left
tibia was performed. Histopathological and molecular
analyses confirmed the diagnosis of Ewing sarcoma,
with detection of EWSRI gene rearrangement by
FISH.

The available primary documentation was very
limited. Therefore, reliable source data on the exact
initial stage, presence or absence of metastases at
diagnosis, full results of primary staging, and detailed
morphological or immunohistochemical tumor
characteristics were not available for analysis. The
accessible records indicate the primary localization in
the proximal left tibia/left lower limb and molecular
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confirmation of EWSR1 rearrangement, but do not
allow a full retrospective assessment of baseline
relapse risk.

The patient received systemic therapy according to
the Euro-Ewing 2012 protocol [16] from 1 April to
1 November 2022, including six cycles of vincristine,
doxorubicin, and cyclophosphamide (VDC) and
six cycles of ifosfamide and etoposide (IE). Surgical
treatment was performed on 16 August 2022 in the
form of left transfemoral amputation due to the extent
of the primary tumor and the need to achieve local

Figure 1. Cranial CT, coronal, axial, and sagittal
planes. Osteolytic lesion of the right parietal bone
with cortical destruction, extraosseous soft-tissue

component, and intracranial extension
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control. The patient completed multimodal treatment
and achieved complete clinical remission.
The remission period lasted 2 years and 9 months.
According to the patient’s mother, regular surveillance
examinations during remission were not performed.
In August 2025, the patient was admitted with
persistent fever (38-39°C) lasting approximately one
month, accompanied by chills and no clear infectious
source. Initial diagnostic work-up, including CT of
the chest and primary site, revealed no evidence of
recurrence or infection. Despite antibiotic therapy,
febrile episodes persisted.
During clinical examination, a painless palpable
mass approximately 1.5 cm in diameter was identified
in the right parietal region. The patient also reported
headaches. CT and MRI of the brain demonstrated an
osteolyticlesion of the right parietal bone with cortical
destruction, a paraosseous soft-tissue component,
and intracranial extension with parameningeal
involvement.
An incisional biopsy of the lesion was performed.
Cytological and histopathological examination
confirmed metastatic Ewing sarcoma. Bone marrow
aspiration and trephine biopsy from multiple sites
showed no evidence of tumour infiltration.
Contrast-enhanced staging CT revealed metastatic
disease involving:
« right parietal bone,
o leftiliac bone,
« right lung segment S5.
Based onamultidisciplinarytumorboard decision,
treatment for relapsed Ewing sarcoma was initiated.
The patient received second-line chemotherapy
with high-dose ifosfamide (15 g/m? over 5 days, 2
cycles). Peripheral blood stem cell mobilization
and collection were successfully performed in
preparation for high-dose chemotherapy with
autologous stem cell rescue.
After two cycles of chemotherapy, follow-up CT
demonstrated a partial response according to RECIST
1.1 criteria, with a significant reduction in the size of
all measurable lesions:
o parietal lesion decreased from 38x29x45 mm to
23x15%x25 mm,

o iliac lesion decreased in size,

o pulmonary lesion reduced from 5x5 mm to
2X2 mm.

Surgical resection of the metastatic lesion of the
right parietal bone was performed. Histopathological
examination revealed isolated tumor cell elements on
the dural surface, with no evidence of tumor at the
resection margins (RO resection), along with reactive
changes including hemosiderin deposition and
inflammatory infiltration.
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Figure 2. Brain MR, axial and sagittal planes. Right parietal osteolytic lesion with paraosseous soft-tissue
component, intracranial extension, and parameningeal involvement of the frontal and parietal regions

Figure 3. Follow-up contrast-enhanced CT, axial
plane. Postoperative changes after resection of
the right parietal bone metastasis, without visible
residual cranial mass on the presented images

Subsequent imaging demonstrated:

« complete regression of the pulmonary metas-

tasis,

« stabilization of the iliac bone lesion.

The patient proceeded to high-dose chemotherapy
(treosulfan and melphalan) followed by autologous
stem cell transplantation and was referred for
consolidative radiotherapy.

Follow-up and Outcomes

Post-treatment ~ evaluation demonstrated a
favorable response to multimodal therapy, including
complete regression of the pulmonary metastasis and
stable disease in the iliac bone. Surgical management
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of the cranial metastasis achieved RO resection,
indicating effective local control.

The patient remains under active oncological
follow-up with planned:

« radiotherapy to residual metastatic sites,

« maintenance therapy according to high-risk

Ewing sarcoma protocols,

« regular imaging surveillance.

Discussion

Ewing sarcoma is a highly aggressive malignant
tumor of bone and soft tissue, predominantly
affecting children and young adults, with a marked
propensity for early dissemination and relapse.
Despite advances in multimodal therapy, including
systemic chemotherapy, surgery, and radiotherapy,
approximately 25% of patients with initially localized
disease eventually develop recurrence [1,8]. Although
the majority of relapses occur within the first two years,
late relapse remains a recognized clinical phenomenon
and may present with atypical metastatic patterns, as
demonstrated in the present case.

The typical metastatic distribution of ES involves
the lungs, bones, and bone marrow. In contrast,
intracranialinvolvementisrare. Accordingto available
data, central nervous system (CNS) metastases occur
in approximately 6.3% of cases, cranial metastases
in around 1%, and skull involvement in up to 9%,
with primary skull lesions being more common than
metastatic ones [5-7]. The rarity of this localization
contributes to diagnostic delay and under-recognition
in clinical practice.

The biological behavior of ES is largely driven by
the EWSR1-FLI1 fusion protein, which results from
the characteristic t(11;22)(q24;q12) translocation
and is present in approximately 85% of cases [1].
This oncogenic transcription factor plays a central
role in tumor progression by regulating proliferation,
differentiation, and metastatic potential. Importantly,
intratumoral heterogeneity is influenced by variable
expression of EWSRI-FLI1: high expression is
associated with a proliferative, undifferentiated
phenotype, whereas lower expression promotes

Creative Commons «Attribution» 4.0


https://creativecommons.org/licenses/by/4.0/

elSSN 2786-667X

KJTIHIYHI BUNALKW 31 CTYAEHTCHKOT HAYKOBOI KOHOEPEHLIT I

«CLINICAL ANNUAL SCIENTIFIC EXPERIENCE (CASE) 2026»

mesenchymal characteristics and increased migratory
capacity [10-12]. One of the mechanisms underlying
this process involves the regulation of the actin
cytoskeleton, which facilitates cellular motility and
metastatic dissemination [13].

Metastatic spread in ES follows a multistep
cascade including local invasion, intravasation into
the bloodstream, extravasation at distant sites, and
colonization [4]. This dynamic process, combined
with tumor cell plasticity, may explain the occurrence
of metastases in unusual anatomical locations,
including the skull and intracranial compartment.

From a clinical perspective, intracranial
involvement in ES presents a diagnostic challenge due
to its nonspecific and often subtle symptomatology.
Patients may present with headache, seizures,
behavioral changes, focal neurological signs, cranial
masses, or remain minimally symptomatic, which
can delay diagnosis [9,14]. In the presented case,
relapse initially manifested as persistent fever without
an identifiable source, followed by a painless parietal
mass and headache, further complicating early
recognition and highlighting the need to consider
metastatic relapse when unexplained systemic or
cranial symptoms develop in long-term survivors.

Historically, prophylactic CNS irradiation and
intrathecal chemotherapy were explored in an attempt
to prevent brain metastases. However, these strategies
did not demonstrate a reduction in CNS relapse rates
and are no longer included in contemporary treatment
protocols [14]. Current management relies on risk-
adapted multimodal therapy, with salvage regimens
including high-dose chemotherapy and autologous
stem cell transplantation in selected patients.

A major clinical issue highlighted by this case is the
limited standardization of follow-up strategies for ES
survivors. Existing recommendations generally focus
on imaging of the primary tumor site and chest to
detect local recurrence and pulmonary metastases,
especially during the first years after treatment [9,15].
Routine neuroimaging is not included in standard
follow-up algorithms, which is reasonable given the

rarity of intracranial involvement and the lack of
prospective evidence supporting universal brain MRI
screening.

Given the possibility of late relapse and rare
metastatic localizations, a purely standardized
approach may be insufficient for selected patients.
However, the findings of this case should not be
interpreted as evidence for routine brain MRI in all
ES survivors. A more cautious and clinically justified
approach is to consider brain MRI in patients with
neurological symptoms, cranial complaints, palpable
cranial lesions, atypical persistent fever without an
identifiable source, disseminated relapse, or other
high-risk features. Further prospective studies are
required to define which patients may benefit from
selective neuroimaging and to avoid unnecessary
investigations in low-risk, asymptomatic survivors.

Conclusions

This case report demonstrates that Ewing sarcoma
may relapse after a prolonged remission period with
a rare skull metastasis and intracranial extension. The
presentation should be interpreted as metastatic relapse
rather than local recurrence, because systemic staging
revealed lesions in the right parietal bone, left iliac
bone, and segment S5 of the right lung. The nonspecific
onset with persistent fever, followed by the appearance
of a painless parietal mass and headache, emphasizes
the importance of careful clinical assessment of atypical
symptoms in long-term survivors. Multimodal salvage
treatment, including high-dose ifosfamide, surgical
resection, high-dose chemotherapy with autologous
stem cell transplantation, and planned radiotherapy,
achieved favorable early disease control. The case
highlights a gap in current post-remission surveillance
strategies, which generally prioritize the primary
tumor site and chest imaging but do not routinely
include neuroimaging. Brain MRI may be considered
in selected patients with neurological symptoms,
cranial complaints, unexplained fever, disseminated
relapse, or other high-risk features; nevertheless,
standardized recommendations require further
prospective evidence.
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Finally, given the rarity of intracranial involvement in Ewing sarcoma, conclusions regarding selective neuroimaging
and optimal surveillance strategies remain hypothesis-generating and require validationin larger, prospective studies.
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MeTtactatMyHum peunams capkomMu KOTHra 3 ypa)keHHSIM
TIM'SIHOT KiCTKM Ta iHTpaKpaHiaIbHUM NOLUIUPEHHAM
nicnsa nikyBaHHA 3a npoTokonoM Euro-Ewing 2012

& i niBo6iYHOI TpaHCcheMopanbHOI amMnyTauil

Bnapgucnaea becnanosa', Cogis BopigueHko', CeitnaHa Boiko?

! CryneHTka, HauioHanbHuit MeanyHuii yHisepcuteT iMeHi 0.0. Boromonbug, M. Kuis, YkpaiHa
2 Jlikapka AUTAYUIA OHKosor-rematonor, HauioHanbHMi iHCTUTYT paky, M. Kuis, YkpaiHa

AHoTauia. Bcmyn. Capkoma IOiHra € BucokoarpeciBHOIO 37I0AKICHOIO IyX/IMHOIO KiCTOK, 110 XapaKTepPU3Y€EThCs BUCOKUM
PU3MKOM PelUJMBY Ta METACTATMYHOTrO MOLIMPEHHH, TOAi AK ypakeHHsA KiCTOK 4epela if iHTpakpaHianbHe MOIIMpEHHA
3/INMIIAOTDCA PIAKICHVMU Ta K/IITHIYHO CK/IaTHVUMU IIPpOABAMMU.

Mema. Mertorto 11i€i ny6rikanii € npefcTaBIeHHs BUIAJKY Ii3HbOTO METACTaTMYHOTO peuyuBy capkomu HOinra
3 MeTacTa3oM y IpaBiif TiM sHIi KicTIi Ta iHTpaKpaHiaJbHUM IOLUIMPEHHAM 4Yepe3 2,9 pOKY IiC/s 3aBeplleHHs
nikyBaHHA 3a TpoToKonoM Euro-Ewing 2012 i niBo6iuHOi TpaHcdeMopanbHOI aMITyTallii, a TAKOXX 06TOBOPEHHS
3HA4YEHHA LIbOTO BUIIAJKY J/IA iHAMBi/lya/1i30BaHOTO MiC/IAPEMICIIHOTO CIIOCTEPEXKEHHS.

Mamepianu ma memoou. Y 11-pidHOro IarjieHTa mic/as My/IbTVMOAIbHOTO JIiIKyBaHHA 0Y/I0 JOCATHYTO IMOBHOI KITi-
HiuHOI peMicii; OfHaK Yepe3 eBaKyallifo Ta IIOJAbIIe IIKYBaHHS 38 KOPAOHOM IIiC/IA TOYaTKy IOBHOMACIITAOHOTO
BTOPTHEHHS B YKpaiHy IlepBMHHA Me[JYHa JOKYMeHTallisA 6yIa 0OMeXXeHOIo, a pery/IipHe BisyamisaliliHe crocTe-
PEXXeHHA B Iepiof peMicii, 3a HaABHMM aHAMHE30M, He IpoBoamIoca. Y cepnHi 2025 poKy manjieHTa rocmiTati-
3yBa/i 3 IEPCUCTYIOUOIO TapsAYKO0 6e3 BCTaHOBIEHOTO iH(EeKUiHOTO JpKepena; 3rofoM 3 ABmmucsa OesdomicHe
YyTBOpEHHs B IpaBiit TiM sHil AinAHLI Ta romoBHuit 6i1b. KT i MPT romoBHOTO MO3KY BUABMIN OCTEOTITUYHE
ypakeHHs HpaBoi TiM sHOI KiCTKM 3 IapaocajbHUM M SIKOTKaHMHHUM KOMIIOHEHTOM Ta iHTpaKpaHiaJbHUM Ia-
paMeHiHreaTbHUM MOMMPEHHAM, a TiCTONATO/MOTiYHe JOCTII)KeHH A MiATBEPANIO MeTacTaTM4Hy capkomy IOiHra.
Pesynvmamu. CrafiiloBaHHA BUABWIO JONATKOBI MeTaCTaTW4Hi ypa>keHHs JTiBoi KITy6oBoi KiCTKM Ta cerMeHTa S5 Ipa-
BOI j1ereHi. Jpyra niHis miKyBaHHA BK/IIOYaIa BICOKOA030BY XiMioTepamnito ipocdaminom, Mobinisamnito Ta 3abip me-
preprIHMX reMOIIOeTUIHUX CTOBOYPOBUX KIIITVH, XipypTriuHy pesek1iilo KpaHiaIbHOTO MeTacTasy i BCOKOJ030BY
xiMioTepariio 3 aBTONOriYHOI0 TPAHCIUIAHTALI€0 CTOBOYPOBUX KIITUH i3 TOJA/IBIINM CKEPYBaHHIM Ha KOHCOTIRYIO-
4y IpoMeHeBy Teparito. [Tic/a gBox uKiiB XimioTeparii focArHyTo YacTkoBoi Bigmosiai 3a kpurepiamu RECIST 1.1;
HaJjajli CoCTepirany IIOBHY Perpeciio 1ereHeBOro MeTacTasy Ta cTabimisaliito ypaxkeHHA KIy6oBoi KiCTKIL.

Bucnosxu. 1leit BUNTaZloK IeMOHCTPYE MOXK/IMBICTD Mi3HPOTO METACTaTMYHOTO penuausy capkomu IOiHra 3 HeTH-
[IOBOIO KpaHia/lbHOK Ta iHTpaKpaHiaIbHOIO JIOKasIi3ali€lo i MifKpecTioe 0OMeXXeHHs CTpaTeriil CIIOCTepeXXeHH,
SIKi TIepeBaXkKHO 30cepe/KeHi Ha MepBUHHIN AiNAHNI Ta opra"ax rpynHoi kmitkn. MPT ronosHoro Mo3ky He cif
POS3I/IARATH 5K YHiBepCaIbHy PyTUHHY BUMOTY /s BCIX MALli€HTIB y peMicii, ofHak ii 3acTocyBaHHs Moxe Oy TH [0-
LIi/IbHUM Y TALI€HTIB i3 HEBPOJIOTIYHMMU CUMIITOMaMU, KpaHiaJIbHUMM CKapraMil, HE3pO3yMi/IO IIEPCUCT Y400
raps14Ko10 abo IHIIMMY BUCOKOPU3MKOBMMIU KIiHIYHNMMY o3HaKaMu. CTaHAapTH30BaHi MOKa3aHHs 10 HellpoBi3ya-
nizanii moTpe6yoTh MOAa/IbIIOTO BUBYCHHS.

Kntouosi cnoBa: capkoma FOiHra, MeTacTasyBaHHS HOBOYTBOPEHHSI, HOBOYTBOPEHHS Ueperia, HOBOYTBOPEHHS TO/IOB-

HOTO MO3KY, MarHiTHO-pe30HaHCHa ToMorpadisd, ipocdamin, TpaHCIUTaHTALlisA FeMOIOETUYHIX CTOBOYPOBUX KIITHH.
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