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Gene fusions have emerged as one of the  
primary drivers of oncogenesis in various tumor 
types, functioning through activation of signaling 
pathways or dysregulation of transcription. More 
than one third of soft tissue tumor types harbor 
gene fusions, over half of which are recurrent, and 
in the central nervous system (CNS) fusions  
are uniquely associated with infantile tumors1.  
Identification of novel fusions is essential to map the 
landscape of diagnostic tumor types and to develop 
targeted therapies. Here we describe the first  
reported case of an intracranial neoplasm harboring 
a MAZ::NCOA2 fusion, highlighting a novel genetic 
alteration in the central nervous system and  

expanding the molecular spectrum of infantile  
fusion-driven neoplasms. 

A previously healthy 12-month-old female  
presented with a 3-week history of developmental 
regression, intermittent seizures, and truncal  
ataxia. Physical examination revealed hypotonia,  
generalized hyporeflexia, and a head circumference 
greater than the 99th percentile for age. Brain  
imaging demonstrated a large left parieto-occipital 
intraparenchymal mass with cystic and solid  
components, heterogeneous contrast enhance-
ment, and signs of hydrocephalus with uncal  
herniation secondary to mass effect (Figure 1A). 
There were small areas of meningeal contact in the 
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mesial left parieto-occipital regions, but no  
meningeal thickening or enhancement were  
present. Urgent craniotomy was performed with 
successful gross total resection of the mass  
(Figure 1B). Staging procedures were performed, 
and tumor was determined to be localized based on 
negative spine MRI and clear CSF on lumbar  
puncture (performed > 14 days after resection). 

 
Figure 1: A. Brain MRI (post-contrast axial T1-weighted)  
revealed a contrast-enhancing left parieto-occipital mass  
(11.5 x 7.4 x 8.2 cm) with mixed cystic and solid components. 
The tumor abuts the leptomeninges but there is no  
meningeal thickening or enhancement. There is secondary  
hydrocephalus and midline shift resulting from the mass effect.  
B. Post-operative imaging (post-contrast axial T1-weighted) 
showing gross total resection of the mass. 

Histologically, the neoplasm was well-circum-
scribed (Figure 2A, 2B) and showed variable  
cellularity. Regions of lower cellularity pre- 
dominantly consisted of spindle cells with a fibrillary 
cytoplasm (Figure 2C) embedded in a hetero- 
geneous myxoid stroma, which included frequent 
cystic spaces containing basophilic material  
(Figure 2D). Regions of higher cellularity (Figure 2E) 
were located at the interface with brain parenchyma 
and displayed elevated mitotic activity, focal  
necrosis, and Ki-67 proliferative rates of up to  
30 % (Figure 2L). The immunophenotype of the  
neoplastic cells followed a regional distribution, 
with diffuse strong GFAP positivity (Figure 2F) but 
mostly absent OLIG2 expression (Figure 2H) in the 
lower-cellularity regions, but loss of GFAP  
expression (Figure 2G) and focal strong OLIG2  
positivity (Figure 2I) in the higher-cellularity regions. 
SOX10 expression was strong and diffuse (Figure 2J), 
and CD99 was weak but diffuse (Figure 2K). Neuro-
filament decorated rare cells within the tumor. 
Markers that were notably negative in the neo-
plastic population included synaptophysin, CD34, 

EMA, desmin, myogenin, NKX2.2, pan-keratin, 
smooth muscle actin, p63, p40, ALK, ROS1, BRAF 
V600E, HEY1, and BCOR. Nuclear expressions of 
INI1, BRG1, ATRX, and H3 K27me3 were retained, 
and p53 had a non-clonal staining pattern.  
Beta-catenin showed cytoplasmic positivity but only 
equivocal weak nuclear staining in rare cells. 

Molecular testing was performed using  
customized targeted next-generation sequencing 
(NGS) panels for mutations and fusions using an  
Illumina NextSeq platform at University of Iowa. The 
DNA panel covers the full coding sequence of 93 and 
hotspot mutation regions of 109 cancer-related 
genes, while the RNA fusion panel can interrogate 
known and novel fusions involving 146 cancer- 
related genes. Testing detected an in-frame 
MAZ::NCOA2 fusion involving the DNA-binding  
domain of MAZ (ENST00000545521.5_1) at exon 4 
and the transactivation domain of NCOA2 
(ENST00000452400.7_4) at exon 12 (Figure 2M). A 
pathogenic missense mutation in CTNNB1 
(c.134C>T, p.Ser45Phe) was also detected, despite 
the inconclusive beta-catenin immunostain. DNA 
methylation profiling did not result in a match using 
the German Cancer Research Center (DKFZ) CNS  
tumor classifier versions 11b6 and 12.8, DKFZ  
sarcoma classifier version 12b6, or National Cancer 
Institute Bethesda classifiers versions 2 and 3.  
Highest scoring methylation classes were divergent 
for the various classifiers and all resulted in very low 
scores: "CNS tumor with PATZ1 fusion" (score 0.229) 
and "Ewing sarcoma" (score 0.222) for Bethesda v3; 
"chordoma" (score 0.108) and "hemangioblastoma" 
(score 0.04) for DKFZ CNS v12.8; and "osteo- 
sarcoma" (score 0.163) and "chondrosarcoma" 
(score 0.07) for DKFZ sarcoma v12b6.  
Dimensionality reduction techniques (UMAP and  
t-SNE) likewise did not show consistent clustering in 
the embedding. Copy number plots derived from 
methylation data revealed a flat profile, consistent 
with a stable genome (Figure 2N). These findings 
supported a MAZ::NCOA2 fusion-positive neoplasm, 
not elsewhere classified. The patient was treated  
as per POG9233 ("Baby POG") with multi-agent  
chemotherapy including vincristine, cyclophosph-
amide, cisplatin, and etoposide for 72 weeks,  
without radiation therapy2. She developed cisplatin-
related hearing loss but remains without evidence of 
disease 22 months after resection. 
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Figure 2: Morphologic and molecular features of the MAZ::NCO2 fusion-positive tumor. A–B. The neoplasm (A; H&E, 100X) is well  
demarcated from the surrounding reactive brain parenchyma (asterisks), which contains numerous gemistocytic astrocytes and a rim of 
gliosis indicated by arrows (B; H&E, 200X). C–L. An intraoperative smear preparation (C; H&E, 400X) shows that tumor cells are spindled, 
with hyperchromatic elongated nuclei and processes. The tumor architecture varies from areas of relatively lower cellularity with a loose 
myxoid and cystic background (D; H&E, 400X) to areas of marked hypercellularity and mitotic activity (E; H&E, 400X). GFAP staining  
(F, G; 400X) shows positivity in tumor cells in looser areas (F) but loss of expression in more cellular areas (G, top), in contrast to the 
reactive brain parenchyma (bottom). OLIG2 (H, I; 400X), by contrast, is mostly negative in looser areas (H) but positive in areas of higher 
cellularity (I). Notable markers for which tumor cells are positive include SOX10 (J, 400X) and CD99 (K, 400X). The Ki-67 proliferative rate 
(L; 400X) is elevated in hypercellular areas, up to 30 %. M. In-frame MAZ::NCOA2 fusion including exon 4 of MAZ and exon 12 of NCOA2. 
N. Copy number plot extracted from DNA methylation array showed a flat profile. 
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The NCOA2 gene is a transcriptional  
coactivator in the p160 steroid receptor coactivator 
family, playing a role in the regulation of muscle  
differentiation3. NCOA2 rearrangements have been 
described in several soft tissue tumor types,  
including congenital spindle cell rhabdomyo- 
sarcoma, mesenchymal chondrosarcoma, angio- 
fibroma of soft tissue, myoepithelioma, and vascular 
tumors. MAZ encodes the MYC-associated zinc  
finger protein, a broadly expressed transcription  
factor implicated in multiple cell programs that 
binds to GC-rich DNA motifs and regulates the MYC 
promoter and other regions4,5. 

A MAZ::NCOA2 fusion has been previously  
reported in a case of intraorbital myoepithelioma6, 
and recently it has been identified in a subcutaneous 
round cell sarcoma in a 10-month-old7. However, it 
has never been described in CNS tumors, expanding 
the spectrum of NCOA2-rearranged tumors. The 
morphology of our case is neither reminiscent of 
myoepithelioma nor small round cell sarcoma,  
but there is some immunophenotypic overlap,  
particularly the positivity for SOX10. The absence  
of a match in DNA methylation classifiers  

suggests MAZ::NCOA2 fusion-positive tumors may  
represent an as yet unrecognized CNS tumor type.  
Comparisons of methylation profiling of reported 
cases and identification of additional examples are 
important next steps to further characterize these 
tumors. 

From a clinical standpoint, the significance of 
the fusion is unclear. NCOA2 fusion-positive tumors 
in pediatric soft tissues can show variable outcomes, 
with biologic behaviors that vary from indolent to 
aggressive. Our patient remains disease-free  
at 22 months after gross total resection and  
chemotherapy, but longer follow-up and additional 
reported cases will be necessary to firmly establish 
outcomes. 
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