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Abstract 

 

Multi-modality therapy has led to significant improvement in outcomes for childhood medulloblastoma; 

however, long-term survivors have become more susceptible to late effects of therapy including induction of 

second malignant neoplasms and even remain at an increased risk of late relapses including extra-neuraxial 

metastases. A newly detected solitary lytic/sclerotic osseous lesion in a medulloblastoma survivor away from 

the radiation field poses considerable diagnostic challenge as it could represent either a second malignant 

neoplasm or extra-neuraxial metastasis. We report one such case highlighting the importance of 

contemporary pathology techniques as useful adjuncts to differentiate a second primary osseous Ewing ’s 

sarcoma (ES)/primitive neuro-ectodermal tumor (PNET) from bony metastasis and review the pertinent 

literature on second malignant neoplasms and extra-neuraxial metastases in medulloblastoma. To the best of 

our knowledge, this is the first report of a molecularly confirmed second primary osseous ES/PNET in a 

survivor of childhood medulloblastoma. 
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Introduction: 

Medulloblastoma, the most common pediatric malignant 

brain tumor is a molecularly heterogeneous disease with 

different developmental origins, distinct phenotypes, 

diverse clinical behavior and contrasting clinical 

outcomes.1 Current multi-disciplinary therapy has led to 

significant improvement in survival for childhood 

medulloblastoma. With progressive improvements in 

survival, second malignant neoplasms (SMN) although 

rare, are now being increasingly reported in patients 

with medulloblastoma.2 At the same time, extra-

neuraxial metastases (ENM), though uncommon, are 

also being detected increasingly3 particularly in patients 

with high-risk disease. The diagnosis is relatively 

straightforward in the presence of multiple skeletal 

lesions or marrow involvement. However, a newly-

detected solitary lytic/sclerotic osseous lesion in a 

medulloblastoma survivor poses considerable diagnostic 

challenge. The differential diagnoses in such an instance 

is between a second primary osseous Ewing’s family 

tumor such as Ewing’s sarcoma (ES)/primitive neuro-

ectodermal tumor (PNET) and bony metastasis in a 

known case of medulloblastoma. Both entities look 

rather similar (small blue round cell tumor) on light 

microscopy mandating appropriate contemporary 

pathology techniques such as immunohistochemistry 

(IHC) and molecular biology tests for confirmation. We 

report one such case and review the pertinent literature 

on SNM and ENM in medulloblastoma.  

Clinical Summary: 

A 6-year old boy initially presented to us with headache, 

vomiting, and ataxia of 6-months duration. Cranial 

magnetic resonance imaging (MRI) showed a large 

lobulated, midline vermian space-occupying lesion, hypo

-to iso-intense on T1-weighted images, hyperintense on 

T2-weighted and FLAIR images with prominent and 

homogenous enhancement post-contrast (Figure 1A-C) 

with aqueductal compression causing supratentorial 

hydrocephalus suggestive of medulloblastoma. He 

underwent near-total excision of the vermian space 

occupying lesion at an outside hospital that was 

reported as classical medulloblastoma on conventional 

light microscopy (Figure 1D). The non-availability of 

formalin-fixed paraffin embedded tumor tissue blocks 

precluded further molecular subgrouping of 

medulloblastoma. Post-operative MRI revealed the 

presence of two small residual enhancing nodules at the 

edge of the resection cavity. Neuraxial staging using MRI 

of the spine with gadolinium and cerebrospinal fluid 

(CSF) malignant cell cytology via a lumbar puncture did 

not show any evidence of leptomeningeal dissemination. 

Although there was no evidence of leptomeningeal 

metastases (M0 status), he was categorized as high-risk 

disease by virtue of residual tumor volume >1.5 X 

1.5cm2 as per the prevalent risk-stratification system, 

and treated on an ongoing institutional phase II study of 

concurrent carboplatin with standard-dose craniospinal 

irradiation with posterior fossa boost followed by six 

cycle of multi-agent adjuvant systemic chemotherapy. 

Neuraxial imaging after completion of adjuvant therapy 

showed complete resolution of residual enhancing 

nodules with reactive gliosis.   

Two and half years after completion of therapy (just 

over 3 years from initial diagnosis), the child presented 

with pain in the left lower limb following a trivial injury. 

Local radiograph showed a large lytic/sclerotic lesion in 

the proximal left tibia. MRI of the left lower extremity 

(Figure 2A-B) confirmed the presence of this lytic/

sclerotic lesion arising from the proximal tibial 

metaphysis with significant invasion of the adjacent soft 

tissues. The lesion was isointense on T1-weighted 

images, heterogeneously hypointense on T2-weighted 

images, hyperintense on STIR images with moderate 

post-contrast enhancement. Whole-body 18-F-fluoro-

deoxy-glucose positron emission tomography/computed 

tomography (FDG-PET/CT) showed increased radiotracer 

uptake limited to the mass lesion in the proximal left 

tibia with a maximum standardized uptake value 

(SUVmax) of 6.28 suggestive of localized metabolically 

active tumor. There were no other areas of abnormal 

tracer uptake anywhere in the body ruling out 

disseminated disease (Figure 2C). Neuraxial imaging at 

this time did not reveal any local recurrence in the 

posterior fossa or leptomeninges confirming that the 

index cancer was controlled. The differential diagnosis 

was between second primary bone neoplasm with 

extensive soft tissue component versus solitary 

metastasis from medulloblastoma.  

Pathological Findings: A J-needle biopsy from the 

extremity tumor showed the tumor to be composed of 

‘undifferentiated small blue round cells’ (Figure 3A) with 

variable cytoplasmic vacuolation. To characterize the 

lesion further, appropriate special stains and IHC was 
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Figure 1: Pre-operative MRI of the 

brain showing a brilliantly enhanc-

ing midline vermian lesion in axial 

(A) and sagittal (B) T1-weighted 

post-contrast images with variable 

intensity on T2-weighted images 

(C). Photomicrograph of the tumor 

(D) showing it highly cellular tumor 

composed of small blue round cells 

consistent with classic medulloblas-

toma (X 400, hematoxylin & eosin) 

Figure 2: Axial (A) and coronal (B) 

MRI sections of left proximal tibia 

showing a large soft tissue compo-

nent in addition to the lytic/

sclerotic bony lesion. Whole body 

FDG-PET/CT showing increased 

tracer uptake localized to this le-

sion (C) with no significant abnor-

mal uptake elsewhere in the body 
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carried out on the biopsy specimen. The vacuolated cells 

stained positive for Periodic Acid Schiff (Figure 3B) while 

the small blue round cells were diffusely membrane 

positive for CD99 or Mic2 (Figure 3C), focally weak 

positive for FLI-1, and negative for LCA and desmin 

suggesting a primary ES/PNET rather than metastases 

from medulloblastoma. To aid in definitive diagnosis, 

molecular testing was done showing Ewing’s sarcoma 

breakpoint region 1 (EWSR1) gene re-arrangement 

(Figure 4) on fluorescence in-situ hybridization (FISH). 

Ewing’s sarcoma is strongly associated with translocation 

t(11;22) in most cases4 and t(7;22) or t(21;22) in some 

cases, all involving the EWSR1 gene on chromosome 22.  

Therapy and Follow-Up: Based on the diagnosis of 

localized ES/PNET of the lower extremity, the child was 

treated with a short intensive induction chemotherapy 

regimen (8-weeks) comprising 2 cycles each of 

vincristine, ifosfamide, etoposide (VIE) and vincristine 

adriamycin, cyclophosphamide (VAC) given sequentially 

followed by definitive local radiotherapy to the left tibia 

resulting in significant resolution of the soft tissue mass 

and stable bony changes in the proximal tibia. 

Maintenance chemotherapy following local radiotherapy 

consisted of 2 cycles of VIE chemotherapy followed 6 

cycles of alternating vincristine, cyclophosphamide, 

actinomycin-D (VCD) and VAC chemotherapy lasting for 

6 months.  Nearly one year after completion of chemo-

radiotherapy for the second primary ES/PNET, the child 

was detected with widespread metastases (lungs, bones, 

bone marrow) during clinico-radiological surveillance on 

follow-up, to which he succumbed shortly thereafter.  

Discussion: 

Incremental advances in neuro-surgical techniques, 

improved radiotherapy planning and delivery and newer 

chemotherapeutic agents have consistently and 

progressively improved the prognosis for 

medulloblastoma, a highly cellular, embryonal tumor of 

the central nervous system (CNS) arising in the 

cerebellum with inherent propensity of CSF 

dissemination. The long-term survival in average-risk 

medulloblastoma exceeds 85%5 and reaches 60-70% 

even for patients with high-risk disease,6 making it a 

success story of contemporary pediatric neuro-oncology. 

With such improvements in survival, children with 

medulloblastoma have becoming more susceptible to 

late effects of therapy including induction of SMN as well 

as remain at an increased risk of late relapses including 

ENM. In long-term survivors of childhood 

medulloblastoma, there is nearly four-fold excess risk of 

developing a SMN compared to the general population. 

(Table 1)2,5,7,8. These occur typically several years after 

the diagnosis and treatment of the index cancer and 

include brain tumors (gliomas, meningiomas), thyroid 

cancers, sarcomas, and leukemias. Majority of solid 

second cancers occur originate either within or at the 

periphery of radiotherapy portals suggesting a possible 

causal association with radiation.  

ENM in medulloblastoma (Table 1)3,9,10,11, though 

uncommon, is reported in <1% patients at initial 

diagnosis and about 5-10% of patients during the 

course of their disease. Bone is the most common site of 

systemic involvement followed by bone marrow, lymph 

nodes, lung, and liver. Ventriculo-peritoneal shunts 

increase the risk of extraneural spread, particularly to 

the abdomen and lymph nodes. ENM generally occurs 

few months to years after initial diagnosis and is nearly 

always fatal despite aggressive treatment. Concurrent 

CNS involvement, lung or liver involvement, age <16 

years, and time interval <18 months from initial 

diagnosis to ENM are negative prognostic factors for 

survival.10 A recent report11 indicates that desmoplastic 

variants may be more prone to develop systemic 

metastases which may be compatible with longer 

survival suggesting that pathologic subtype and 

molecular subgroup may play a role in determining 

outcome.     

The time to development of SMN from index cancer 

diagnosis in our case was earlier than expected (36 

months only). The possible cause of ES/PNET in our 

patient remains speculative. There was neither a 

significant family history of cancer nor did he have any 

known genetic predisposition syndrome to cancer. The 

site of second primary (proximal tibia) in our patient was 

considerably away from the caudal edge of the spinal 

radiotherapy field thereby ruling out the chance of it 

being a radiation-induced sarcoma. Secondary cancers 

following chemotherapy12 mostly involve the 

hematopoetic system (leukemia and myelodysplasia), 

although some alkylating agents such as 

cyclophosphamide have also been associated with 

development of solid tumors as well. The use of 

cyclophosphamide for the treatment of medulloblastoma 
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Figure 4: Representative photomicro-

graph of interphase fluorescence in-

situ hybridisation (FISH) for Ewing’s 

sarcoma breakpoint region 1 (Vysis 

EWSR1 dual colour break apart kit; 

Abbott Molecular Inc.) showing spilt 

red and green signals (as shown by the 

encircled circles) indicating EWSR1 

gene re-arrangement strongly 

supportive of a diagnosis of Ewing’s 

sarcoma 

Figure 3: Biopsy from the tibial lesion (A) showed ‘undifferentiated small blue round cells’ on light microscopy (X400, 

hematoxylin & eosin). Vacuolated cells were positive for Periodic Acid Schiff stain (B), while small blue round cells 

showed diffuse membrane positivity for Mic-2 (C)  
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could be one such potential association with 

metachronous ES/PNET in our patient.    

The implications of potential misdiagnosis of ENM vis-à-

vis SMN cannot be overemphasized. Systemic 

metastases from medulloblastoma is generally 

associated with an extremely poor prognosis with 

median survival rarely exceeding 6 months despite 

aggressive treatment in contrast to metachronous 

second primary tumor that may be amenable to long-

term survival depending upon the histologic type and 

grade of the SMN as well as therapeutic management. 

Therefore, it becomes imperative that appropriate 

histopathological and molecular biology tests be 

performed to provide a definitive diagnosis.   

To the best of our knowledge, this is the first report of a 

molecularly confirmed second primary osseous ES/PNET 

in a survivor of childhood medulloblastoma. An extensive 

and systematic search of the indexed medical literature 

failed to identify any previous such report. We did 

identify one recent report13 of recurrent extra-neural 

metastatic medulloblastoma in an adult who presented 

with progressive bilateral cervical lymphadenopathy and 

a large soft tissue mass associated with the right 

suboccipital craniotomy scar, 3-years after prior therapy 

for lateralized cerebellar medulloblastoma. He achieved 

near complete response to 4 cycles of ES/PNET type 

chemotherapy (vincristine, adriamycin, 

cyclophosphamide alternating with ifosfamide and 

etoposide). Subsequently he underwent high-dose 

chemotherapy (conditioning regimen of thiotepa, 

etoposide and carboplatin) with autologous 

hematopoetic stem-cell transplantation and local 

radiotherapy to the occipito-cervical region as 

consolidation and remained in durable remission for over 

30 months after salvage therapy.  

Conclusion: 

A newly-detected solitary lytic/sclerotic osseous lesion in 

a medulloblastoma survivor poses considerable 

diagnostic challenge as it could represent either a SMN 

or ENM. Time course from index cancer diagnosis and 

presence of other sites of disease may help resolve this 

dilemma to a large extent. Appropriate histopathological, 

immunohistochemical, and molecular biology tests are 

useful adjuncts that aid in definitive diagnosis. 
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