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Implications for Practice:  44 

Astroblastoma (ABM) remains a poorly defined and controversial entity. While MN1 45 

alterations seem to define a large subset of pediatric cases, adult cases remain molecularly 46 

poorly defined. This comprehensive molecular characterization of 1 adolescent and 14 adult 47 

ABM revealed that adult ABM histology comprises several molecularly defined entities, 48 

which explains clinical diversity and identifies actionable targets. Namely, pleomorphic 49 

xanthoastrocytoma (PXA)-like ABM case show a favorable prognosis while high-grade 50 

gliomas (glioblastoma and diffuse midline gliome)-like ABM show significantly worse 51 

clinical courses. Our results call for in-depth molecular analysis of adult gliomas with 52 

astroblastic features for diagnostic and therapeutic purposes. 53 

 54 
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Abstract 61 

 62 

Aims and methods: astroblastoma (ABM) is a rare glial brain tumor. Recurrent MN1 63 

alterations have been recently identified in most pediatric cases. Adolescent and adult cases, 64 

however, remain molecularly poorly defined. Here, we performed clinical and molecular 65 

characterization of a retrospective cohort of 14 adult and one adolescent ABM.  66 

Results: Strikingly, we found that MN1 fusions are a rare event in this age group (1/15). 67 

Using methylation profiling and targeted sequencing, most cases were reclassified as either 68 

pleomorphic xanthoastrocytomas (PXA)-like or high-grade glioma (HGG)-like. PXA-like 69 

ABM show BRAF mutation (6/7 with V600E mutation and 1/7 with G466E mutation) and 70 

CD34 expression. Conversely, HGG-like ABM harbored specific alterations of diffuse 71 

midline glioma (2/5) or glioblastoma (3/5). These latter patients showed an unfavorable 72 

clinical course with significantly shorter overall survival (p = 0.021). MAPK pathway 73 

alterations (including FGFR fusion, BRAF and NF1 mutations) were present in 10 of 15 74 

patients and overrepresented in the HGG-like group (3/5) compared to previously reported 75 

prevalence of these alterations in GBM and diffuse midline glioma. 76 

Conclusion: We suggest that gliomas with astroblastic features include a variety of 77 

molecularly sharply defined entities. Adult ABM harboring molecular features of PXA and 78 

HGG should be reclassified. CNS high-grade neuroepithelial tumors with MN1 alterations and 79 

histology of ABM appear to be uncommon in adults. Astroblastic morphology in adults 80 

should thus prompt thorough molecular investigation aiming at a clear histomolecular 81 

diagnosis and identifying actionable drug targets, especially in the MAPK pathway.  82 

 83 

 84 

 85 
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Introduction 87 

 88 

Astroblastoma (ABM) is a rare neuroepithelial tumor and has been recognized by the World 89 

Health Organization (WHO) as a distinct tumor entity.1 It was first described in 1926 by 90 

Bailey2 and further characterized by Bailey and Bucy3 in 1930. ABM is generally regarded as 91 

an entity occuring in childern and young adults.4-6 However, in a recent epidemiological 92 

survey, 56% of cases were diagnosed after 30 years of age.7 The diagnosis of ABM is based 93 

on a typical histomorphology with perivascular astroblastic pseudorosettes and vascular 94 

hyalinization2, 3, 8. However, perivascular arrangement of tumor cells is not specific for ABM 95 

and may also be seen in other central nervous system tumors such as glioblastoma (GBM), 96 

primitive neuroectodermal tumors (PNET), angiocentric glioma, and ependymomas.9, 10 The 97 

lack of specific neuropathological features explains why the validity of ABM as a distinct 98 

entity is still a matter of debate.11 99 

Recently, efforts have been made to identify specific molecular alterations in ABM. In 2016, 100 

Sturm and al12 have described a new molecularly defined tumor entity characterized by MN1 101 

(meningioma 1) and BEND2 (BEN domain containing 2) fusion genes which histologically 102 

frequently corresponds to ABM. Several reports have confirmed the existence of recurrent 103 

MN1 alterations in pediatric and also adult ABM.13-15 In contrast, Lehman and colleagues16 104 

showed that tumors with the histological diagnosis of ABM frequently harbor BRAF V600E 105 

mutations. 106 

Here, we report a comprehensive clinical, radiological, histological and molecular 107 

characterization of a retrospective series of adolescent and adult ABM and show that they 108 

share common clinical and molecular features with other glial tumor entities. 109 

 110 

  111 



Material and Methods 112 

 113 

Patient cohort and histological review 114 

 115 

Patients were retrospectively identified using systematic archival review for the term 116 

“astroblastoma” between 1990 and 2017 at the Pitié Salpêtrière university hospital, i.e. cases 117 

with (i) a final diagnosis of astroblastoma or (ii) astroblastoma being mentioned in the 118 

pathology report as a differential diagnosis. Tumors samples were stored with signed consent 119 

form in the tumor tissue bank OncoNeuroTek. All identified cases were centrally reviewed by 120 

experienced neuropathologists (KM and/or FB). Required histologic features for inclusion in 121 

the study were: (i) the presence of perivascular astroblastic pseudorosettes; (ii) the presence of 122 

hyalinized vessels; (iii) cuboidal, columnar, or tapered perivascular cellular processes, 123 

occasionally ending in broad endfeet and (iv) absence of definitive criteria for other CNS 124 

tumors. Hematoxylin and eosin staining as well as immunohistochemistry for Ki67, GFAP, 125 

IDH1 R132H, ATRX, EMA, OLIG2, vimentin, FGFR3, H3K27M, p53 and NFkB 126 

(commonly found in supratentorial ependymomas17) proteins were performed. Additional 127 

immunohistochemical assessment of CD34 was done post-hoc on all cases with a confirmed 128 

diagnosis of ABM.  129 

 130 

Clinical and radiological data 131 
 132 

For all patients, age at diagnosis, sex, clinical presentation, treatments and clinical outcome 133 

were retrospectively collected. From initial diagnosis, progression free survival (PFS) and 134 

overall survival (OS) were compared using log-rank test and plotted according to the Kaplan-135 

Meier method. 136 

 137 



When available, brain magnetic resonance imaging (MRI) data (T1w, T2w and contrast-138 

enhanced T1w sequences) were reviewed and annotated for supra- vs. infratentorial location, 139 

perilesional edema, contrast enhancement, cystic component and type of tumor boundary 140 

(well defined or diffuse).  141 

 142 

Panel DNA sequencing 143 

 144 

All exons of genes frequently mutated in brain tumors were sequenced using a custom next-145 

generation sequencing panel (details in Supplementary Table 1). Briefly, tumor DNA was 146 

extracted from FFPE or fresh-frozen tumor specimens using the QIAamp DNA mini kit 147 

(QIAGEN, Hilden, Germany) according to the manufacturer’s instructions. DNA was 148 

quantified using a QuantiFluor dsDNA assay (Promega, Madison, WI, USA). Target regions 149 

were captured from fragmented genomic DNA samples using a custom SeqCap EZ choice kit 150 

(Roche NimbleGen), and paired-end 75bp massively parallel sequencing was carried out on a 151 

NextSeq500 sequencer (Illumina, San Diego, CA, USA) according to the manufacturer’s 152 

protocols.  153 

 154 

Mutation and copy number profiling 155 

 156 

Quality control of the reads was performed with FastQC on demultiplexed data. 157 

Trimmomatic18 was used to remove low quality segments (phred base quality < 20) of the 158 

reads at 3’ and 5’ ends. Reads smaller than 40 base pairs after trimming were discarded. 159 

Reads were aligned against the hg19 assembly of the human genome using BWA-MEM 160 

(version 0.7.15).19 We then applied Genome Analysis Toolkit20 (GATK) for base quality 161 

score recalibration and indel realignment. PatternCNV21 was used to estimate copy number 162 



variation based on read depth. Mutations and indels were called using GATK4 MuTect2 (beta 163 

version). SNVs were annotated using VEP.22 Putative somatic variants were selected by 164 

filtering out all SNPs in the gnomAD release 2.0.1 with an overall population allele frequency 165 

> 0.01. 23 Variants were filtered for missense and nonsense mutations, and a minimum variant 166 

allele frequency > 0.1 was required. Disease causing variants were annotated using known 167 

cancer hotspots24 and ClinVar.25 168 

 169 

Reverse transcription PCR (RT-PCR) 170 

 171 

First strand cDNA was generated from 500ng total RNA using Maxima First Strand Synthesis 172 

Kit (Thermo Fisher) and diluted 1:10 in molecular biology grade water. RT-PCR with primers 173 

specific for MN1-BEND2 fusions was performed using 0.02 U/µl Q5 polymerase (New 174 

England Biolabs, Ipswich, MA, USA), 200µM dNTPs, 500nM forward and reverse primers, 175 

Q5 reaction buffer with High GC Enhancer and 5µl template cDNA in total reaction volume 176 

of 20µl. Thermal cycling was performed as follows: 98°C initial denaturation for 2min, 177 

followed by 30 cycles of denaturation at 98°C for 10s, annealing at 65°C for 20s and 178 

extension at 72°C for 90s, as well as a final extension at 72°C for 2min. Amplicons were 179 

analyzed using a Caliper LabChip GX DNA 5K assay (Perkin Elmer, Waltham, MA, USA). 180 

 181 

Quantitative realtime PCR (qPCR) 182 

 183 

Quantitative realtime PCR of BEND2 expression was performed in 20µl reactions using 10µl 184 

2X LightCycler 480 SYBR Green master mix (Roche), 1µl of a 10µM forward and reverse 185 

primer mix 4µl H2O and 5µl of 1:10 prediluted cDNA. The following PCR program was 186 

used: 10min preincubation at 95°C, 45 cycles of 10s denaturation at 95°C, 10s annealing at 187 



60°C and 10s extension at 72°C. All reactions were run in duplicates and normalized to a 188 

housekeeping gene (PPIA) using the ddCt method.  189 

 190 

RNA sequencing and fusion gene discovery 191 

 192 

500ng of total RNA were used for library preparation using NextSeq High Output Kit v2.5 193 

kits (Illumina) and subjected to 2x75bp paired-end sequencing in a NextSeq 500 device 194 

(Illumina). Quality control of raw sequencing data (e.g., for potential ribosomal 195 

contamination) and insert size estimation were performed using FastQC, Picard tools, 196 

samtools and rseqc.26 Reads were mapped using STAR v2.4.027 to the hg19 human genome 197 

assembly. Gene expression study was performed as described previously.28 Briefly, for each 198 

gene present in the Human FAST DB v2016_1 annotation, reads aligning on constitutive 199 

regions (that are not prone to alternative splicing) were counted. Based on these read counts, 200 

normalization was performed using DESeq229 and R (v.3.2.5). 201 

Fusion detection was performed using five different tools: Defuse v0.6.030, FusionCatcher 202 

v0.99.5a31 without BLAT, JAFFA v1.0632, SoapFuse v1.2733, TopHat fusion v2.06.13.34 203 

Comparison of results between algorithms was done by FuMa v235 with FASTD DB v2016_1 204 

annotations. High-confidence fusion candidates identified by > 3 tools were reviewed 205 

manually. 206 

 207 

Methylation profiling 208 

 209 

Genome-wide methylation profiling was performed as previously reported.36 Briefly, 500ng 210 

of DNA were subjected to bisulfite conversion and hybridized to Infinium MethylationEPIC 211 

BeadChip microarrays (Illumina). Raw IDAT files were used as input for online methylation-212 



based random forest classification (www.molecularneuropathology.org) using classifier 213 

version v11b4. 214 

 215 

Data availability 216 

 217 

All raw sequencing data have been deposited at the European Genome-phenome Archive 218 

(accession no. EGAS00001003604). Microarray-based methylome data has been made 219 

available at ArrayExpress (accession no. E-MTAB-7490). 220 

 221 

  222 



Results 223 

 224 

Patients and tumors characteristics 225 

 226 

We initially identified 25 patients with an archival diagnosis of astroblastoma (ABM). After 227 

centralized neuropathological review, a histological diagnosis of ABM was confirmed in 15 228 

cases, 14 adults and one adolescent. Ten cases were excluded due to a morphological 229 

diagnosis of glioblastoma in seven cases, no availability of tumor DNA and RNA in two 230 

cases and co-occurrence of astroblastoma and IDH-mutant glioblastoma within the same 231 

tumor in one patient. Typical ABM histology with astroblastic pseudorosettes, perivascular 232 

pattern, vascular hyalinization and immunoreactivity for GFAP, OLIG2 and vimentin were 233 

seen in all included cases. Positive immunostaining for EMA and p53 was found in only three 234 

cases and four cases, respectively. Ten of 15 ABMs were classified as “high grade” ABM 235 

based on hypercellular zones with increased mitotic index, vascular proliferation, and 236 

necrosis. 237 

The 15 cases included in the current study were investigated further (10 females and 5 males, 238 

sex ratio 2:1). Median age at diagnosis was 44.5 years (range: 24-66) with a bimodal age 239 

distribution: 4 patients were less than 25 years old, 7 patients more than 50 years old. The 240 

most common initial symptom was neurological deficit (8/15 patients), followed by 241 

headaches (6/15) and, seizure (4/15). 242 

All patients underwent brain CT or MRI scan. All cases were supratentorial including one 243 

intraventricular tumor (third ventricle). Location was temporal, frontal, parietal, occipital and 244 

parieto-occipital in 6, 3, 2, 1 and 3 cases, respectively. Brain MRI was available for review in 245 

11/15 patients. All tumors appeared well circumscribed and demarcated from normal brain on 246 

MRI. Contrast-enhancement was detected in all patients and a cystic component was observed 247 



in 6/11 patients. All patients underwent surgical resection (13 patients with gross total 248 

resection, 2 with partial resection).  249 

After surgery, 11 of 15 patients received adjuvant treatment (6 with combined radio- and 250 

chemotherapy, 4 with radiotherapy alone and 1 with chemotherapy alone) because of high-251 

grade morphology (10 cases) or partial resection (1 case). 252 

After first line treatment, 8 patients did not experience tumor relapse. In contrast 2, 4 and 1 253 

patients experienced one, two and three or more tumors relapses, respectively. Four patients 254 

died during the follow-up period (26.7%). The median progression free survival and overall 255 

survival were 1.6 and 4.9 years respectively. 256 

 257 

Molecular profiling 258 

 259 

Depending on DNA and RNA availability, quantity and quality, molecular profiling was 260 

performed. Targeted next-generation panel sequencing was performed in all 15 patients, 261 

transcriptome sequencing in 4 samples and methylation profiling in 6 cases.  262 

Together with immunohistochemistry, molecular profiling allowed the reclassification of 263 

cases into three main groups (Figure 1A):  264 

 265 

ABM with molecular features of pleomorphic xanthoastrocytoma (PXA) 266 

 267 

Seven out of 15 tumors (47%) were either classified as PXA using methylation-based 268 

classification or showed BRAF mutation with concomitant CDKN2A loss and/or 269 

immunohistochemical CD34 expression. Six tumors harbored a BRAFV600E mutation, which 270 

was associated with CDKN2A homozygous deletion in five cases and TERT C228T promoter 271 

mutations in 4 cases.  272 



One patient's tumor harbored a BRAF G466E alteration, a class III mutation resulting in a 273 

kinase-dead form of BRAF.37 This alteration was accompanied by a truncating NF1 mutation, 274 

a combination which is frequently observed in melanoma and known to result in a 275 

mechanistically different, yet functionally similar ERK pathway activation.38  276 

 277 

None of these cases harbored typical histological features of PXA (i.e., cellular pleomorphism 278 

with spindle cells, mononucleated and multinucleated giant cells, granular bodies or positive 279 

reticulin staining).39 Using immunohistochemistry, these cases harbored nuclear OLIG2 in all 280 

cases and cytoplasmic CD34 expression in 5/7 patients (while only 2/8 cases without BRAF 281 

mutation expressed CD34). Mean age at diagnosis was 25 years (Figure 1B). In this 282 

subgroup, one patient out of seven died during follow-up (Figure 1C). The median 283 

progression free survival was 2.6 years. 284 

 285 

ABM with molecular patterns of high grade glioma (HGG)  286 

 287 

Five out of 15 patients were classified as high-grade glioma due to presence of H3.3 K27M 288 

mutations or glioblastoma molecular features (methylation class GBM or any two of the 289 

following criteria: combined chr7 gain/chr10 loss, EGFR amplification and/or TERT promoter 290 

mutation).40 Three patients had TERT C228T promoter mutations, one of which harbored a 291 

FGFR3:TACC3 fusion. Interestingly, the two cases with molecular pattern of diffuse midline 292 

glioma (i.e. combination of H3F3A, PPM1D and NF1 mutations) did not arise within classic 293 

midline location (i.e. thalamus, pons and spinal cord41): one case was located in the third 294 

ventricle and the other one in frontoparietal parasagittal localization. Of note, none of the 295 

H3F3A-wildtype cases in this group showed loss of histone H3 lysine 27 trimethylation. 296 



Mean age at diagnosis in this group was 52 years (Figure 1B). Strikingly, this subgroup was 297 

associated with poor clinical outcome compared to PXA-like cases: three out of five patients 298 

(60%) died during the follow-up. The median progression free survival and overall survival 299 

were 0.9 and 1.9 years, respectively (Figure 1C). 300 

In contrast to PXA-like cases, MR imaging of HGG-like cases showed moderate to diffuse 301 

peripheral edema with a median volume of 23.5 mL (18.8-90) vs 2.7 mL (0.7-129) in PXA-302 

like subgroup (p < 0.001) (Figure 2). 303 

 304 

ABM with MN1-BEND2 fusion  305 

 306 

Only one young patient (15 years old) was epigenetically classified as high grade 307 

neuroepithelial tumour with MN1 alteration (CNS HGNET-MN1).12 RNA sequencing 308 

identified a MN1:BEND2 fusion, which could be confirmed by RT-PCR and BEND2 309 

expression by realtime PCR while all others cases did not express BEND2 (Supplementary 310 

Figure 1). The patient has had stable disease since tumor resection over 19 years of follow-311 

up. 312 

 313 

Finally, two patients could not be assigned to either subgroup given the available molecular 314 

data. One patient (lost during follow-up) harbored a NF1 mutation and combined chr7 315 

gain/chr10 loss. However, because this patient did not harbor EGFR amplification, this case 316 

may correspond to PXA or GBM-like ABM.42 The other patient harbored CDKN2A 317 

homozygous deletion and was positive for CD34 expression immunohistochemically. 318 

319 



Discussion 320 

 321 

In this study, we retrospectively characterized a series of 14 adults and 1 adolescent with 322 

centrally reviewed ABM. The present cohort shares characteristics with previous published 323 

studies4-6, 9, 43-46 with ABM being a supratentorial tumor with a clear female predominance 324 

and heterogeneous clinical courses. Comprehensive interrogation of genetic alterations in 325 

these 15 patients (including methylation profiling, targeted DNA sequencing, RNA 326 

sequencing, RT-PCR and qPCR) allowed re-classification of cases in three subgroups (PXA-327 

like ABM, HGG-like ABM, and ABM with MN1-BEND2 fusion) with distinct radiological 328 

and histological features as well as clinical outcomes. 329 

 330 

These last years, ABM has been controversial as some literature supports it as true entity with 331 

frequent MN1 alterations12, 13, 15 while other studies suggest it does not exist as an established 332 

and unique tumor entity but could overlap with other well known tumors.11, 14, 16, 47  333 

Especially, in accordance with our study, gliomas with astroblastic features may harbor 334 

molecular signature of pleomorphic xanthoastrocytoma (PXA) (ABM PXA-like) 14-16 and 335 

high grade glioma (HGG) (ABM HGG-like).11, 14, 47 Moreover, reclassification of ABM into 336 

more specific molecularly defined entity could explain the clinical unpredictability and 337 

difficulty in grading these tumors. 338 

 339 

 340 

 341 

 342 

 343 

 344 



The largest group was ABM with a molecular signature of PXA. Previously, methylation-345 

based reclassification of an ABM case into PXA-like14, 15 and high prevalence of BRAF 346 

mutations15, 16 have been reported. BRAF mutations are also frequently observed in 347 

ganglioglioma (GG) and pilocytic astrocytoma (PA). However, combined BRAF V600E 348 

mutation with (i) CDKN2A loss, usually only seen in PXA48, (ii) TERT promoter mutations, 349 

common in anaplastic PXA, but virtually never seen in PA and rare in GG49, 50, and (iii) 350 

positive CD34 staining demonstrates compelling evidence that indeed many ABM share the 351 

molecular identity of PXA. 352 

 353 

The second group includes A BM with molecular features of high-grade gliomas (HGG) (i.e. 354 

GBM and diffuse midline glioma, K27M-mutant). As expected, these patients experienced an 355 

unfavorable clinical course. These tumors were accompanied by larger perifocal edema, a 356 

typical feature of high-grade glioma. It is interesting to note that MAPK pathway alterations 357 

including BRAF mutation, NF1 mutation or FGFR fusion were present in 67% of cases 358 

(10/15) in the entire cohort. Even though MAPK pathway alterations are frequent in GBM 359 

(mostly affecting EGFR), they rarely involve BRAF, NF1 and FGFR.51, 52 Rather, the 360 

mutational spectrum resembles that of pilocytic astrocytomas.53 Strikingly, these alterations 361 

are actionable drug targets, potentially subject to BRAF inhibition (e.g. vemurafenib), MEK 362 

inhibition (e.g. trametinib), or FGFR inhibition (e.g. NCT02052778). In addition to BRAF 363 

mutations, a NRAS mutation has previously been reported in a case of ABM,14 extending the 364 

spectrum of observed MAPK/RAS pathway mutations. Because all of these alterations were 365 

identified retrospectively, none of the reported patients received targeted therapy. 366 

 367 

Despite thorough multi-modal screening for MN1 alterations, only one adolescent patient was 368 

assigned the diagnosis of CNS high-grade neuroepithelial tumor with MN1 alteration. This 369 



result differs from three previous studies in adults ABM13-15 where MN1 rearrangements were 370 

frequent. Of note, we cannot entirely rule out MN1 alterations with fusion partners other than 371 

BEND2 in tumors that only were screened by RT-PCR and for BEND2 expression and did 372 

not undergo methylation profiling (six cases). However, all of these cases harbored 373 

glioblastoma molecular features, a BRAF or H3.3 K27M mutation and could thus reliably be 374 

assigned to one of the other subgroups. This finding is in line with evidence of previous 375 

studies, where MN1 alterations, BRAF mutation and HGG molecular features were mutually 376 

exclusive.12-15, 47 377 

 378 

Our results differ partly from those of five other retrospective studies.12-15, 47 Comparing our 379 

results directly to these studies is not possible as we encounter major differences in study 380 

population (majority of adult patients in our study versus a significant proportion of paediatric 381 

cases in others)12-15, required histologic features, number of patients and molecular analyses 382 

performed. However, analysis of available data (summarized in Table 2) suggests that ABM 383 

with MN1 alterations appears to be frequent in children (found in 29/41 (70.7%) pediatric 384 

ABM cases) and uncommon in adults (found in 6/44 (13,6%)). In contrast, ABM with 385 

molecular features of PXA (i.e. BRAF mutation, CD34 expression, corresponding methylation 386 

class) appears to be recurrent in adolescent and adult (found in 14/44 (31.8%)) and rare in 387 

children (1/41 (2.4%)). Finally, most of these studies did not specifically investigate 388 

molecular features of high-grade glioma (chr7 gain/chr 10 loss, histone mutation, 389 

methylation-based classification)) and could explain why the majority of these cases (5/7) are 390 

found in our study. Additional studies with a focus on this issue would be necessary to further 391 

explore this entity. 392 

 393 



Our study has several limitations inherent to its retrospective observational design. The 394 

diagnosis of ABM is based on fairly exclusive histologic features. This could lead to 395 

differences in patient selection and also explain differences in results between studies. 396 

Survival data should be interpreted with caution considering the three patients lost to follow-397 

up and the study inclusion period (from 1990 to 2017): we cannot exclude the possibility that 398 

the evolution of imaging and histopathology techniques along with treatments of patients 399 

(including surgery techniques, chemotherapy and radiotherapy protocols) during the study 400 

period may have influenced our results. Finally, due to lack of material, methylation profiling 401 

could not be performed in all cases. Thus, we cannot prove that all BRAF-mutant, CD34-402 

positive cases are indeed PXAs. Ganglioglioma, for example, remains a differential diagnosis. 403 

 404 

In summary, our data indicate that adult ABM comprises several molecularly defined entities. 405 

CNS high-grade neuroepithelial tumor with MN1 alteration appears to be uncommon in 406 

adults. Adults’ ABM frequently harbor molecular features of PXA and HGG. Astroblastic 407 

morphology in adults should prompt thorough molecular investigation aiming at a clear 408 

histomolecular diagnosis and identifying actionable drug targets, especially in MAPK 409 

pathway genes.  410 
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Figures legends 574 

 575 

Figure 1. Summary of genetic alterations (A), age distribution (B) and overall survival (C) by 576 

subgroups. 577 

 578 

Figure 2. Representative histological (A) and MRI (B) features of subgroups. (A) 579 

Hematoxylin and eosin (H&E) staining shows large astroblastic pseudorosettes in all cases 580 

(upper panel). Unlike HGG and HGNET-MN1, PXA-like ABM demonstrate an intense 581 

cytoplasmic and peri-cellular expression of CD34 (lower panel). (B) Representative MRI 582 

features of subgroups. Axial post-contrast T1-weighted MR images demonstrate a solid 583 

component in all cases (upper panel). Unlike the other subgroups, HGG-like ABM show 584 

moderate to extensive perifocal edema on FLAIR sequences (lower panel). 585 

 586 

 587 
 588 

 589 





Table 1: Patient characteristics. 

 
 

Patient 
no. 

Age at 
diagnosis Sex Tumor 

location PFS1 
Treatment(s) 

after first 
surgery 

Deat
h 

Overall 
survival 
(months) 

PX
A

-li
ke

 A
B

M
 

1 66 H Parietal 1291 Surgery No 62,7 
(SD) 

2 18 H Occipital 594 
RT, CT 
(CCNU, 

bevacizumab, 
vemurafenib) 

Yes 58,5 

3 23 F Temporal 509 Multiple 
surgery No 91,1 

(SD) 

4 24 H Temporal 1604 
RT-CT then 

CT alone 
(TMZ) 

No 52,7 
(SD) 

5 50 F Frontal 178 CT (TMZ) No 5,9 
(SD) 

6 70 F Temporal 249 RT-CT 
(BCNU) No 8,2 

(LTFU) 

7 25 F Frontal 30 RT-CT (TMZ) No 1 

H
G

G
 li

ke
 A

B
M

 
      

8 45 F Third 
ventricle 278 

RT,  CT 
(carboplatine, 

VP16) 
Yes 10,4 

9 33 H Parietal 
parasagittal 405 

RT-CT (TMZ), 
Surgery, CT 

(Campto, 
bevacizumab, 

) 

Yes 26,6 

10 76 F 
Parietal 

and 
Occipital 250 

RT-CT (TMZ), 
CT 

(bevacizumab, 
BCNU) 

Yes 19,9 

11 67 H Temporal 780 No No 25,6 
(SD) 

12 59 F Frontal 17 RT-CT 
(BCNU) No 0,6 

(LTFU) 

M
N

1-
B

EN
D

2 
fu

si
on

 

13 15 F 
Parietal 

and 
occipital 

3600 Surgery No 229 
(SD) 



U
nc

la
ss

ifi
ab

le
 

pa
tie

nt
s 

14 69 F 
Parietal 

and 
occipital 

193 RT-CT (VP-16, 
carboplatin) No 6,3 

(LTFU) 

15 44 F Temporal 467 RT No 15,4 
(SD) 

 
PFS1, progression-free survival until first recurrence, SD, stable disease; LTFU, lost 
to follow up; CT, chemotherapy; RT, radiotherapy; TMZ, temozolomide; N/A, not 
available; PXA, pleomorphic xanthoastrocytoma; HGG, high-grade glioma. 
 



Reference 
Number of 

patients with 
ABM 

Number of adult 
cases 

Number of 
pediatric cases 

Number of cases 
with PXA 

features (BRAF 
mutation) 

Number of cases 
with MN1 

rearrangement 

Number of cases 
with HGG 
features 

 
This study 

 
15 14 1 7 1 (none in adult 

case) 5 

 
Sturm et al.12 

 
23 0 23 ? 16 (none in adult 

cases) ? 

 
Bale et al.47 

 
4 4 0 0$ ? 1 

 
Hirose et al.13 

 
8 4 4 0* 4 (2 in adult 

cases) ? 

 
Wood et al.14 

 
8 6 2 1 4 (2 in adult 

cases) 1 

 
Lehman et al.15 

 
27 16 11 7 (1 in pediatric 

case) 
10 (2 in adult 

cases) ? 

 
Total 

 
85 44 41 

15 
(1 in pediatric 

case) 

35 
(6 in adult cases) 7 

 
Table 2 : review of litterature  

• 3/8 cases were tested for BRAF mutation 
$ 4/4 cases were tested for BRAF mutation 


	Manuscrit final clean
	Corresponding author
	Dr Ahmed Idbaih
	47-83 Boulevard de l'Hôpital, 75013 Paris
	Astroblastoma (ABM) remains a poorly defined and controversial entity. While MN1 alterations seem to define a large subset of pediatric cases, adult cases remain molecularly poorly defined. This comprehensive molecular characterization of 1 adolescent...
	Abstract
	Aims and methods: astroblastoma (ABM) is a rare glial brain tumor. Recurrent MN1 alterations have been recently identified in most pediatric cases. Adolescent and adult cases, however, remain molecularly poorly defined. Here, we performed clinical and...
	Results: Strikingly, we found that MN1 fusions are a rare event in this age group (1/15). Using methylation profiling and targeted sequencing, most cases were reclassified as either pleomorphic xanthoastrocytomas (PXA)-like or high-grade glioma (HGG)-...
	Introduction
	Material and Methods
	Clinical and radiological data
	Results
	Molecular profiling
	ABM with molecular features of pleomorphic xanthoastrocytoma (PXA)
	Seven out of 15 tumors (47%) were either classified as PXA using methylation-based classification or showed BRAF mutation with concomitant CDKN2A loss and/or immunohistochemical CD34 expression. Six tumors harbored a BRAFV600E mutation, which was asso...
	One patient's tumor harbored a BRAF G466E alteration, a class III mutation resulting in a kinase-dead form of BRAF.P37P This alteration was accompanied by a truncating NF1 mutation, a combination which is frequently observed in melanoma and known to r...
	ABM with molecular patterns of high grade glioma (HGG)
	Five out of 15 patients were classified as high-grade glioma due to presence of H3.3 K27M mutations or glioblastoma molecular features (methylation class GBM or any two of the following criteria: combined chr7 gain/chr10 loss, EGFR amplification and/o...
	In contrast to PXA-like cases, MR imaging of HGG-like cases showed moderate to diffuse peripheral edema with a median volume of 23.5 mL (18.8-90) vs 2.7 mL (0.7-129) in PXA-like subgroup (p < 0.001) (Figure 2).
	ABM with MN1-BEND2 fusion
	Only one young patient (15 years old) was epigenetically classified as high grade neuroepithelial tumour with MN1 alteration (CNS HGNET-MN1).P12P RNA sequencing identified a MN1:BEND2 fusion, which could be confirmed by RT-PCR and BEND2 expression by ...
	Discussion

	Figure 1 revised
	Table 1
	Table 2

