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Introduction: Angiocentric gliomas (AG) in brainstem location are exceedingly rare and might cause differential diagnostic problems and uncertainty regarding the best therapeutic approach. Hereby, we describe the clinicopathological findings in a brainstem AG presenting in a toddler child and review the literature.
Case report: A 2-year-old boy presented with 5 weeks history of gait disturbances, frequent falls, left-sided torticollis and swallowing problems. MRI head showed a T2-hyperintense, partly exophytic mass lesion centred in the pontomedullary region, raising the possibility of diffuse midline glioma. The exophytic component was partially resected by suboccipital craniotomy, leaving intact the infiltrative component. Ventriculoperitoneal shunt was implanted due to postoperative hydrocephalus. Histological examination revealed a moderately cellular tumour consisted of bland glial cells infiltrating the brain parenchyma and radially arranged around the blood vessels. By immunohistochemistry, the tumour strongly expressed S100 and GFAP in addition to intense nestin positivity, while OLIG2 was negative in the perivascular tumour cells. DNA methylation array profiled the tumour as “methylation class diffuse astrocytoma, MYB or MYBL1-altered subtype B (infratentorial)” and an in-frame MYB::QKI fusion was identified by RNA sequencing, confirming the diagnosis of angiocentric glioma. The patient has been initially treated with angiogenesis inhibitor and mTOR inhibitor, and now he is receiving palliative vinblastine. He is clinically stable on 9 months follow-up.
Conclusion: Brainstem AG may cause a diagnostic problem, and the surgical and oncological management is challenging due to unresectability and lack of response to conventional chemo-radiation. In the future, genetically-tailored therapies might improve the prognosis.
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INTRODUCTION
Paediatric brainstem gliomas are diagnostically challenging as in most cases only stereotactic biopsy is safely amenable and the histological features might not be entirely representative in a small sample. Tumours arising from the midbrain, pontomedullary area or the fourth ventricle encompass a molecularly heterogeneous group of disorders, the most common entities are being pilocytic astrocytoma, diffuse midline glioma (DMG), H3 K27-altered, posterior fossa ependymoma, and medulloblastoma. Other circumscribed or diffuse astrocytomas and glioneuronal tumours can also rarely present in this location, many of them driven by MAPK pathway or FGFR alterations with closely clustered methylation profiles, causing further diagnostic difficulties in limited samples [1–3].
Angiocentric glioma (AG) was first described in 2005 by Wang and was originally being categorized under the umbrella of “other neuroepithelial tumours” in the 2007 WHO Classification of the Central Nervous System Tumours due to its uncertain histogenesis [4, 5]. AG is typically stable or slow growing, consisting of monomorphous bipolar cells with a predominant diffuse growth pattern and at least focal perivascular tumour cell aggregation around the blood vessels (the so-called angiocentric pattern). Dot-like paranuclear EMA positivity is a characteristic feature, representing microlumina formation similarly to ependymomas [4, 5]. Molecularly, most tumours were found to harbour a MYB::QKI fusion, and the remaining cases are usually associated with other MYB or QKI alterations [6, 7].
AGs most commonly involve supratentorial cortex, and particularly the frontoparietal and temporal lobes, presenting with long-standing therapy refractory epilepsy with a median age at the diagnosis is 13 years [4, 8–10]. The clinical course is indolent and good seizure control can be achieved with total surgical resection. Exceedingly rare cases in the brainstem have been reported with similar morphological features and molecular profile to their supratentorial counterparts, but data regarding their clinical behaviour and the optional therapeutic approaches are limited, particularly under age of 3 years [11–14].
Here, we describe the clinicopathological features and the molecular findings in a brainstem AG presenting in a 2-year-old boy and review the literature for treatment options.
CLINICAL SUMMARY
Two-year-old boy presented with 5 weeks history of gait disturbances, frequent falls and a recently developed predominant left-sided neck position. He also had difficulties with swallowing and has been less communicative lately. There was no history of fever and vomiting. His past medical history was not significant. On admission, neurology examination revealed cerebellar ataxia and right abducens nerve palsy. MRI head showed a partly exophytic mass lesion in the pontine and medullary regions with 31 × 30 mm axial and 49 mm cranio-caudal greatest extension (Figure 1). The tumour was hypointense on T1-weighted and hyperintense on T2-weighted imaging without significant contrast enhancement and negative on diffusion weighted imaging. Clinically diffuse midline glioma was suspected and a partial resection was performed by suboccipital craniotomy and intraoperative neuronavigation, removing some exophytic mass and leaving intact the infiltrative brainstem component. Recovery was achieved at postoperative day 4, remaining dysphagic and tracheostomized. On postoperative day 11, he became drowsy and urgent MRI confirmed moderate hydrocephalus. A ventriculo-peritoneal shunt was implanted the following day which needed revision due to shunt infection. Oncological treatment began 1 month after the surgery with angiogenesis inhibitor (bevacizumab) and mTOR inhibitor (temsirolimus). Follow up MRI at 4 months after surgery showed minimal growth in axial dimension (32 × 37 mm), while the cranio-caudal dimension did not change. He is receiving palliative vinblastine. The patient remains clinically stable 9 months after surgery. A timeline is attached in Supplementary Figure S1 showing the treatment regime and the most important clinical events in the patients clinical history.
[image: Figure 1]FIGURE 1 | Sagittal T2-weighted (T2W) magnetic resonance image (MRI) of the posterior fossa showing a partly exophytic mass lesion in the pontine and medullary regions with 30 mm axial and 49 mm cranio-caudal greatest extension (A). The tumour is hypointense on T1W (A) and hyperintense on T2W (B) imaging without significant contrast enhancement.
PATHOLOGICAL FINDINGS
Histological sections showed small tumour fragments in places infiltrating brainstem parenchyma (Figure 2A). The tumour had low to moderate cellularity and consisted of monomorphic glial cells with small, elongated nuclei and indiscernible cytoplasm. The dominant feature was the striking perivascular tumour cell aggregation which created characteristic mono and multi-layered rosettes virtually around all blood vessels (angiocentric pattern), while the intervascular spaces contained loosely arranged cells embedded in a microcystic matrix and intermingled with entrapped otherwise normal-looking neurons (Figure 2B). There were no Rosenthal fibres, eosinophilic granular bodies or dysplastic ganglion cells seen. Mitotic figures were not identified and there was no necrosis or microvascular proliferation. By immunohistochemistry (Supplementary Table S1), the tumour strongly expressed S100 and GFAP in addition to intense nestin positivity (Figure 2C). The synaptophysin labelled mainly the background brain parenchyma and was negative within the tumour. OLIG2 was negative in the perivascular tumour cells but expressed in most intervascular cells (Figure 2D). There was focal paranuclear dot-like EMA positivity, particularly in the perivascular areas (Supplementary Figure S2). The mutant IDH1 (R132H) and H3 K27M were negative. The nuclear expression was retained for H3 K27me3 and ATRX. The p53 was negative. The Ki67 proliferation index was estimated at 3%–4%. The histological features and the initial immunoprofile were strongly suggestive of brainstem AG; however, the possibility of other rare molecularly defined paediatric-type diffuse low-grade glioma/glioneuronal tumours remained in the differential diagnosis.
[image: Figure 2]FIGURE 2 | Angiocentric glioma (haematoxylin-eosin). (A,B) Moderately cellular tumour with perivascular tumour cell aggregation of radially arranged mono- and multi-layered rosettes around all blood vessels. The intervascular spaces contained loosely arranged bipolar cells embedded in a microcystic matrix. (C) The perivascular tumour cells are strongly positive with nestin by immunohistochemistry. (D) OLIG2 is positive only in the intervascular cells and negative in the perivascular tumour cells. (E) Copy number variation plot by DNA methylation array shows segmental loss of chromosome 6q.
DNA methylation array by Illumina MethylationEPIC 850k (DKFZ Brain tumour methylation classifier v12.5) confidently profiled the tumour as “methylation class diffuse astrocytoma, MYB or MYBL1-altered, subtype B [infratentorial]” (calibrated score of 0.99906), which is a provisional methylation subclass awaiting further specification (Molecular methods provided in Supplementary Material). Copy number variation plot generated from methylation array data showed segmental loss of chromosome 6q with no obvious involvement of the MYB locus (Figure 2E); however, possible deletion at 6q23.3 (MYB locus) was suspected by Integrative Genomics Viewer (IGV). The array predicted unmethylated MGMT gene promoter. Next-generation sequencing (Qiagen QIAseq Multimodal Panel assessing a targeted DNA panel of 305 genes and an RNA panel of 76 genes associated with solid tumours) found an in-frame MYB::QKI fusion between MYB exon 15 and QKI exon 5 with retained C-terminal regulatory, LMSTEN motif and Myb-like DNA-binding domains and loss of the 3′UTR regulatory site. There were no additional pathogenic variants seen by DNA panel. The integrated diagnosis was given as “Angiocentric glioma, CNS WHO grade 1.”
DISCUSSION
According to the fifth edition of the WHO classification of Central Nervous System Tumours, AG is defined as a diffuse glioma comprising cytologically bland, bipolar cells aggregating at least partly in perivascular spaces and typically harbouring MYB::QKI gene fusion or other MYB alteration, corresponding to CNS WHO grade 1 [15]. The most common location is the cerebral cortex, manifesting with early onset of seizures, hence it belongs to “low-grade epilepsy-associated neuroepithelial tumours (LEAT)” according to the International League against of Epilepsy (ILAE) [8]. These tumours remain stable in size over the years and can be controlled by anti-epileptic drugs to a certain degree, and are potentially curable with gross total resection (GTR) [16].
AGs arising in brainstem are exceedingly rare and have been described only in isolated case reports and small case series with a total of 15 cases to date (Table 1). Patients typically present at a younger age, approximately 10–15 years earlier than in supratentorial location (median age at 4 years) and they often have a shorter clinical history with recently developed and progressive symptoms due to advanced disease stage. On radiology, AG present with high intensity on T2-weighted and fluid-attenuated inversion recovery (FLAIR) images and low intensity on T1-weighted image usually without contrast enhancement [10, 19]. Intratumoral calcification or haemorrhage is uncommon. Cortical lesions may extend to the subcortical white matter and sometimes stalk-like extension to the ventricle also occurs. In brainstem location, differential diagnosis of DMG may be raised, as in our case, although the latter may show contrast enhancement.
TABLE 1 | Summary of clinical and molecular data of published brainstem angiocentric gliomas.
[image: Table 1]Pathologically, the differential diagnosis is broad and often challenging, particularly in intraoperative smears and small biopsies. Before the molecular era, the most common misdiagnosis was pilomyxoid astrocytoma due to similar cellular morphology and perivascular accentuation of tumour cell, however, the negative or only focal OLIG2 staining and paranuclear dot-like EMA positivity should warrant the diagnosis of brainstem AG [17]. Angiocentric pattern might be also mistaken for ependymal pseudorosettes, further complicated by their overlapping immunoprofiles, but the elongated nuclear shape, absence of ependymal rosettes or canals together with strong nestin positivity would argue against ependymoma. Some tumours exhibit solid schwannoid growth pattern although the cytological monomorphism is against vestibular schwannoma. Diffuse midline glioma can be easily excluded by immunopanel for surrogate molecular markers including tri-methylated histone H3 K27 (H3 K27me3), mutant H3 K27M, and EZHIP. The diagnosis can rely on DNA methylation profiling, as these tumours form a clearly distinct methylation cluster including novel infratentorial subclasses, probably reflecting slightly different cellular origin for supra- and infratentorial tumours [20].
Regardless the location of the tumour, the driver molecular alteration in majority of the cases is a MYB::QKI rearrangements [6, 19]. The proto-oncogen c-MYB is a transcriptional regulator playing an important role in neural progenitor cell proliferation and found to be expressed mainly in the ependymal/sub-ventricular zone in a mature brain [20]. The protein consists of highly conserved DNA motifs including an N-terminal DNA binding motifs followed by a transcriptional activation domain and a C-terminal negative regulatory domain. MYB::QKI rearrangements with breakpoints within intron 4 of QKI and intron 9–15 of MYB creates an in-frame aberrant fusion protein with loss of 3′UTR regulatory (miRNA binding) site or the whole C-terminal domain, eventually leading to expression of a truncated (oncogenic) MYB. Activation of the pathway might be further increased by the relocation of the H3 K27ac enhancer elements in close proximity to MYB promoter resulting in an independent auto-regulatory circle. Rarely, MYB gene can have alternative fusion partners like ESR1 or the pathway can be upregulated as a consequence of MYB amplification, but QKI rearrangement with no obvious MYB or MYBL1 involvement has been reported as well [6, 7]. This supports the idea that disruption of the QKI tumour suppressor gene also plays a key role in the tumorigenesis in angiocentric gliomas [6]. Concomitant mutations in MAPK pathway, particularly BRAF V600E mutation, was found in isolated cases [7].
Brainstem AGs require different surgical and neuro-oncological management compared to their supratentorial counterparts. While complete resection tends to be curative for tumours in the cortex and it usually results in good seizure control, gross total resection in the brainstem is not feasible because of often widespread involvement of the key anatomical structures [10–14, 17, 18]. Stereotactic biopsy is the chosen technique in most cases to get tissue sample for diagnostic purposes, while symptoms of ventricular obstruction can be managed by debulking of the exophytic component in addition to endoscopic ventriculostomy (ETV). The extent of surgical resection was found to be a prognostic factor; however, the significant residual tumour, present in most cases, may eventually progress similarly to other brainstem low-grade gliomas [11–14, 17, 18]. Most frequent complications reported in the literature was the obstructive hydrocephalus, brainstem dysfunction and cranial nerve abnormalities, all of which had a significant effect on the quality of the patient’s life. Due to limited surgical options, current therapy may vary between close observation and adjuvant chemotherapy and/or radiotherapy. According to the literature on previously reported brainstem AGs, conventional chemotherapy (mainly vincristine and carboplatin) were ineffective; while application of radiotherapy should be carefully considered under age of 3 years due to its devastating effect to the developing brain [13, 14, 17, 18]. In one case, after fail of conventional chemo agents, the therapy was changed to mTOR inhibitor (everolimus) with good initial tumour response and stable disease after 10 months on follow-up [13, 21]. In the future, genomically tailored therapies targeting the activated MYB pathway or modifying its upstream regulatory elements might be an option to improve patient management; however, this needs to be validated through clinical trials.
CONCLUSION
Angiocentric glioma of the brainstem is rare and needs to be considered as a distinct clinicopathological entity due to its less favourable outcome often associated with significant decrease of quality of life. In limited samples, the pathological diagnosis might be challenging and requires molecular conformation by DNA methylation profiling and high-throughput sequencing techniques including a large-scale RNA fusion panel. Unfortunately, therapeutic options are limited due to low tumour respectability in the eloquent location, and conventional chemoradiotherapy appears ineffective to halt tumour progression over the years which highlights the importance of future development of individualised therapies targeting cancer pathways involved in gliomagenesis.
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