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Abstract: Ewing sarcomas (ES) and peripheral primitive neuroectodermal tumors (pPNET) 

are now thought to belong to the same tumor family. Ewing sarcoma family tumor (ESFT) 

members commonly originate in bones and soft tissues. However, a few published articles 

describe ESFT arising from cranial cavities. Pathologically, ES/pPNET are composed of small 

round cells. Unambiguous distinction between pPNET and other small round cell tumors, in 

particular central PNET, is of clinical significance. Definitive diagnoses of pPNET can be 

obtained through CD99 (MIC2 gene product) membrane positivities and molecular identifications 

of chromosomal rearrangements between EWS and ETS family genes. Multimodal approaches 

comprising surgical resections, radiotherapies, and chemotherapies are required for the treatment 

of ESFT. Decompressive medical measures are preferentially performed when epidural masses 

are compressing spinal cords. In cases of ES-induced brain herniations, emergent radiotherapies 

may serve as effective tools. We report a case of multiple disseminated intracranial ES/pPNET 

for which synthetic treatments were used.

Keywords: primitive neuroectodermal tumors, brain neoplasms, spinal tumors, neoplasm 

metastases

Introduction
Ewing sarcomas (ES) and peripheral primitive neuroectodermal tumors (pPNET) 

are currently classified as a tumor family because they share unifying histopatho-

logical, immunohistochemical, and molecular features.1,2 Typical sites of occurrence 

for ESFT are in bones and soft tissues. However, rare cases have reported pPNET 

originating from cranial cavities. Here, we report a case of intracranial pPNET with 

multiple metastases.

Case
Informed consent was obtained from the patient and her family. The study was approved 

by the Institutional Review Board of Radiation Oncology, Shandong Cancer Hospital 

Affiliated to Shandong University. A 28-year-old female presented with progressive 

back pains occurring over 2 months’ duration with pain radiating to the ipsilateral shoul-

der. She also had a 1-month history of upper-extremity weaknesses and a recent onset of 

slight headaches. No antecedent trauma had occurred in these areas. She denied having 

a history of nausea, vomiting, seizures, or losses of consciousness. Physical examination 

upon hospital admission revealed grade 4/5 power (Medical Research Council Scale) 

in the left upper limb and two palpable masses in the bilateral frontal regions (5 cm 

above the eyebrows). Further neurological examinations revealed no positive signs. 
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Lactate dehydrogenase and alkaline phosphatase levels were 

both increased (353 and 478 U/L, respectively).

Magnetic resonance imaging (MRI; Figure 1) confirmed 

the presence of an extradural lesion at the spinal C7 level. 

The mass compressed the spinal cord, and a distinct hetero-

geneous enhancement was observed in the tumor. The MRI 

also revealed patch-like lesions with high signal intensity 

(in T2 images) on the C2–5, C7, T2–5 level vertebra. Further 

brain MRI evaluations (Figure 2) showed two extramedullary 

meningioma-like masses with bone involvements and frontal 

brain parenchymal compressions. A metastatic workup with 

a positron emission tomography and computed tomography 

scan was subsequently performed, and no other abnormali-

ties were observed.

In view of the severe spinal cord compression of the 

C7 level extradural lesion, the patient was subjected to 

laminectomy and mass removal. At laminectomy, a dark red 

mass was found in the epidural space. The mass had adhered 

slightly to the dura mater, compressing the adjacent dural 

sac and spinal cord. The tumor was easily separated from 

the adjoining dura mater, allowing a gross total resection to 

be performed. Postoperatively, symptoms of back pain and 

upper-extremity weakness were dramatically resolved. After 

the surgery, therapeutic agents were administered, including 

dehydrants, steroids, lansoprazole, and neuro nutrition. Gross 

visualizations by histopathological analyses showed that the 

epidural tumor was composed of dark-red soft tissue, which 

measured ~1.2 cm at its largest diameter. Upon microscopic 

analyses of hemotoxylin and eosin stained sections, the neo-

plasm displayed monotonous, closely packed small round 

blue cells with high nuclear-to-cytoplasmic ratios (Figure 3A). 

Typical Homer Wright rosettes were not observed. Using 

immunohistochemical analyses, the cells strongly expressed 

CD99 (Figure 3B), vimentin, and Bcl-2. Stains for neuron 

specific enolase (NSE), synaptophysin (Syn), and epithelial 

membrane antigen (EMA) were negative. For this case, further 

Figure 1 Magnetic resonance imaging of the spine demonstrating a mass located in 
the C7 epidural space (arrow).

Figure 2 axial (A) and sagittal (B) magnetic resonance imaging of the brain showing two extra-axial intracranial masses in the bilateral frontal regions.
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chromosomal translocation studies were not performed. Based 

on the collective histopathological and immunochemical find-

ings, a diagnosis of ES/pPNET was made.

On day 10 after the surgery, the patient’s conscious-

ness level deteriorated gradually and headache intensity 

increased. Upon examination, her right pupil was dilated to 

5 mm, and bilateral papilledema was detected. A subsequent 

head computed tomography scan indicated cerebral hernia 

with ventricle compression. The patient was immediately 

transferred to our treatment center.

When arriving at our unit, the patient was in a state 

of stupor. Given the special symptoms she presented and 

the radiosensitivity of ES, the oncology team performed 

emergent radiotherapy. One hour later, the first four Gy 

were given to the whole brain. Concomitant infusion treat-

ment strategies were also given, and included dehydrants, 

hormones, and parenteral and neuro nutritions. After the 

delivery of eight Gy/two fractions to the whole brain, her 

consciousness level gradually improved. Therefore, sub-

sequent boosts of 21 Gy/seven fractions were carried out 

on the cerebral epidural masses. After implementation of 

radiation therapies, the patient underwent eight total cycles 

of multiagent chemotherapy treatments (ie, vincristine, 

cyclophosphamide, and doxorubicin) every 21 days. The 

patient tolerated these treatments well with the exception for 

myelosuppression. A complete response was observed after 

four cycles of chemotherapy. Subsequently, the patient has 

been on regular follow-up and, 13 months after diagnosis, 

has remained disease-free.

Discussion
ES and pPNET are now commonly considered to be one 

tumor family because they share histopathological features 

and molecular properties and have been renamed Ewing 

sarcoma family tumor (ESFT).1,2 ESFT preferentially afflicts 

children and adolescents, exhibiting a slight predilection 

for females. Typically, ESFT occur in bones or soft tissues; 

origination from cranial cavities is rare. To our knowledge, 

only 29 cases have been reported in the body of English 

ESFT literature (Table 1). Despite the present case acts 

as multifocal disease, it was still reasonable to regard the 

intracranial lesions as the primary sites, because 1) size 

discrepancy surely exists between the intracranial masses 

and the spinal epidural lesion, 2) most spinal PNETs are 

caused by “drop” metastasis from an intracranial tumor 

through cerebrospinal fluid circulation,3 3) 2 years prior to 

symptom of spinal tumor development, frontal masses had 

been palpated, and 4) at laminectomy, the spinal epidural 

mass was only slightly adhered to the surrounding tissue and 

could be easily separated. Conversely, the cerebral lesions 

were significantly invasive, as indicated by MRI.

Unambiguous distinction between pPNET and other 

small round cell tumors, in particularly central PNET, is 

of clinical significance. CD99-positive membrane staining 

is detected in nearly all cases of pPNET, which is a highly 

reliable biomarker, but on no account pathognomonic; CD99 

also identifies other small round cell tumors, albeit with 

staining patterns that diverge from those observed in pPNET.4 

Advanced molecular detection of EWS–ETS gene fusions 

are confirmatory for final pPNET diagnoses.5

Multimodal strategies, including surgery, radiation 

therapy, and chemotherapy, are required for the treatment of 

intracranial ESFT with epidural space metastases.6 Priority 

must be given to laminectomies and tumor removals when 

epidural masses present with spinal cord compressions. 

These techniques aim to obtain specimens for pathologic 

diagnoses and avoid permanent neurological dysfunctions.7,8 

In these cases, close attention should be made to intracranial 

Figure 3 Hematoxylin and eosin staining (A) showing small round blue cells with a high nuclear-to-cytoplasmic ratios, and immunostaining (B) demonstrating positivity 
for CD99. Magnification ×100.
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tumor masses to prevent disease progression due to cure 

delays and surgical stressors. In the present case, symptoms 

and signs of intracranial neoplasms became suddenly severe 

with subsequent development of herniation. For such cases, 

typical care includes immediate surgical measures to relieve 

cerebral hernias. Under certain circumstances, feasibility 

and safety of such surgeries may be dramatically limited 

(eg, tumors are in high-risk locations or patient rejections 

of further traumatic treatments). Thus, in some cases, 

nonsurgical methods may be useful treatment modalities.  

In this case, radiotherapy was chosen, with some uncertainty, 

as the primary treatment modality given the highly radio-

sensitivity of ES. In addition to radiation, other therapies, 

in particular dehydrants and hormone treatments, were also 

clinically crucial. First, they directly reduced intracranial 

pressures. Moreover, cellular edema occurring in initial 

stages of radiotherapy was alleviated by these adjuvant 

therapies. Overall, this case provided a novel demonstration 

of emergent radiation as a feasible treatment for intracranial 

radiosensitive tumor-induced hernias. Given that this study 

presents a single case, there are limitations that warrant 

further investigations.

Prognostication of localized pPNET has been markedly 

improved by multidisciplinary collaboration in the devel-

opment of therapeutic proposals. However, patients with 

primary disseminated multifocal ES still harbor very low 

survival rates. Previous reports revealed that sites of metas-

tasis were overt, independent prognostic factors. Conversely, 

primary disseminated ES with single pulmonary metastases 

often have had much better outcomes compared with metas-

tases to other sites.9–11 Additionally, negative prognoses for 

primary disseminated multifocal ES have correlated with rel-

atively older patient ages (.14 years old,10 .15 years old9), 

larger primary masses volumes (.200 mL), bone marrow 

involvements, the presence and number of bone lesions, 

additional lung metastases, and fevers at diagnosis.9,10 ES are 

routinely characterized by gene fusions between EWS and 

ETS family genes. Retrospective studies have demonstrated 

different types of chromosomal rearrangements predicting 

divergent outcomes.12,13 One recent prospective cohort study 

found no prognostic value for characterization of any gene 

fusions.14 van Doorninck et al15 attributed these discrepancies 

regarding the value of type 1 fusions in ES prognostication 

to current intensive treatment proposals. Additionally, new 

biomarkers and molecularly detectable minimal disseminated 

diseases are completely novel areas for prognostication.16 

Although, these new directions have potential promise, their 

clinical utilities require further study.Ba
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Conclusion
Intracranial pPNET are rare, but serious, diseases. Classifi-

cations of pPNET and central PNET should be completely 

differentiated as they display unique treatment proposals 

and prognostications. Emergent medical measures ought to 

be performed when metastatic neoplasms present as spinal 

cord compressions. Radiotherapy may be an effective choice 

to alleviate brain herniations induced by radiosensitive 

intracranial pPNET.
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