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Abstract
Pilomyxoid astrocytoma is a variant of pilocytic astrocytoma and the clinical, histological and molecular data point to a very 
close relationship as well as a more aggressive biological behavior for the former. WHO 2016 classification does not provide 
a specific grade for these neoplasms, but there is sufficient evidence in the literature that pilomyxoid astrocytoma has slightly 
worse prognosis than typical pilocytic astrocytoma. There is increasing evidence that in addition to the MAPK pathway 
alterations, pilomyxoid astrocytomas harbor genetic alterations that distinguish them from typical pilocytic astrocytoma

Keywords  Astrocytoma · BRAF · Pediatric glioma · Pilocytic · Pilomyxoid

Introduction

Pilomyxoid astrocytoma (PMA) has been recognized as a 
variant of pilocytic astrocytoma (PA), and was originally 
classified as a WHO grade II neoplasm in the 2007 WHO 
classification scheme. The WHO 2016 classification still 
recognizes PMA as a variant of PA, but a specific grade has 
not been assigned [1, 2]. Although these two entities share 
plenty of similarities clinically and morphologically, they 
have significant differences. This brief review will focus on 
distinct features of PMA, emphasizing the molecular find-
ings of the recent studies and our experience.

Clinical, demographic and radiologic 
features

PMA is often seen at early stages of life [3, 4], and because 
of this finding this group of tumors were once suggested 
to represent the “infantile form” of PA [5]. Early stud-
ies reported these tumors primarily in infants and the 

diencephalic region, but failed to recognize their histological 
distinction from typical PA. Although PMA could be seen 
anywhere in the central nervous system, the most common 
site is hypothalamic/chiasmatic region [1, 3–5]. The tumors 
are less common in the spinal cord and cerebellum, with 
only a handful of cases reported to date [6, 7].

Radiologically, PMAs look very similar to PAs but they 
are more commonly solid rather than cystic, and they tend to 
have more prominent enhancing components [8, 9]. PMAs 
also have a higher incidence of leptomeningeal dissemina-
tion compared to PAs [10].

Histological features of PMAs 
and differences from PAs

Pilomyxoid astrocytomas are often well-demarcated, solid 
tumors that have a uniform morphology in a diffusely myx-
oid background. Like PAs, focal areas of infiltration into 
surrounding parenchyma can be seen. PMAs tend to be more 
cellular and monomorphic compared to pilocytic astrocyto-
mas. The cytological features are similar to PA, with neo-
plastic cells having fibrillary processes and hyperchromatic, 
elongated nuclei. Significant pleomorphism is not a common 
finding. Neoplastic cells of PMA have prominent angiocen-
tric arrangement. When solid, PMAs often do not demon-
strate the linear-type microvascular proliferation seen in the 
cystic components of PAs, and they tend to harbor more 
mitoses. The overwhelming majority of PMAs do not have 
Rosenthal fibers, and a rare example may show eosinophilic 
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granular bodies. Both formations are much less common 
compared to typical PAs.

Tumors with hybrid features of PA and PMA (the so-
called “intermediate tumors”) were reported by Johnson 
et al. in 2010 [11]. This and other studies suggested a biolog-
ical link between these neoplasms. In addition, PMAs have 
been reported to “mature” into typical PAs on recurrence or 
following treatment. The patients with hybrid tumors often 
have an older median age at presentation when compared to 
PMAs, which may also support the notion that PMA and PA 
are very closely related [11].

Clinical course and outcome

PMA is a rare tumor and only accounts for a small percent-
age of pilocytic neoplasms, and because of its rarity, clinical 
studies with sufficiently long follow-up periods and compre-
hensive prognostic studies are exceedingly rare. One of the 
earlier studies demonstrated that age and location matched-
series of PMAs and PAs have significantly different out-
comes. There was a striking difference on progression-free 
survival (PFS) times in between these two groups (median 
progression-free survival 25 months for PMA as opposed to 
163 months for PA) in favor of PAs [4]. Other studies also 
supported these findings [5, 12, 13]. The major caveat of all 
these studies was the limited number of cases.

Molecular features

Similar to PAs, PMAs also have a relatively simple genomic 
structure. They tend to have limited number of genomic 
alterations [14]. The most commonly altered pathway for 
both tumors is the MAPK pathway followed by the FGFR 
signaling pathway. By far the most common alteration is 
the BRAF fusion with a series of partner and tandem dupli-
cations resulting in activation of the MAPK pathway. The 
most commonly altered genes are BRAF, NF1, FGFR1 and 
PTPN11. Other rare mutations were also described [15, 16]. 
Limited copy number variations are seen both in PAs and 
PMAs. A study by Jeon et al. showed that PA and PMA have 
different copy number changes. While PAs showed chromo-
somal gains more frequently, PMAs had chromosomal losses 
[17]. Another study by Kleinschmidt-DeMasters compared 
gene expression profiles of PAs and PMAs. PMAs had over-
expression of mitosis-related genes and extracellular matrix 
genes, whereas PAs had weak overexpression of plasma 
membrane and collagen-related genes [18]. Especially, the 

finding on mitosis-related gene overexpression in PMAs was 
suggested as a reason for the adverse clinical course of these 
tumors.

In recent years, increasing number of PMAs and PAs have 
been studied using high-throughput genetic analysis, allow-
ing the identification of both common and rare alterations as 
well as chromosomal copy number alterations. In addition, 
molecular and genetic differences emerged between PA and 
PMA in recent studies. We analyzed one such case using the 
capture-based NGS platform as previously described [19]. 
There was a distinct boundary between the PMA and the PA 
patterns and material could be procured separately for analy-
sis. Both regions had focal copy number gains on 7q34 locus 
containing the 3′ end of the BRAF gene with accompanying 
KIAA1549–BRAF gene fusion. However, the different areas 
had different copy number alterations: PMA component had 
trisomy 11 and was diploid for chromosomes 5 and 7, but the 
pilocytic component had focal gains in chromosomes 5 and 
7, and was diploid for chromosome 11 (Fig. 1).

In addition to the hybrid tumor characterized using the 
NGS platform, we have analyzed 3 PMAs during the last 
3 years. One of these tumors demonstrated K656E point 
mutation in the FGFR1 gene and E76 K mutation in the 
PTPN11 gene. Copy number analysis of this tumor dem-
onstrated gain of chromosome 8 (containing FGFR1) and 
gain of chromosome 12 (containing PTPN11). The second 
tumor had BRAF V600E mutation and showed no copy 
number changes. The third case had the classical BRAF-
KIAA1549 fusion with no additional chromosomal copy 
number alterations.

In summary, there is strong evidence that PMA is a vari-
ant of PA and the clinical, histological and molecular data 
point to a very close relationship as well as a more aggres-
sive biological behavior for the former. It has been an unfor-
tunate change for the WHO classification to eliminate the 
WHO grade designation, leaving no clear suggestion to the 
clinician that these tumors have a more aggressive clinical 
course. Main reasons for this reversal may have been: the 
belief that the same genetic alteration virtually justifies the 
same grade; and the fact that PMA still has a much better 
prognosis compared to diffuse gliomas in the same age group 
and location. In the opinion of the authors, there is sufficient 
evidence in the literature to suggest that PMA behaves more 
aggressively than PA [4, 12, 13], and the subsequent ver-
sions of the WHO classification may actually reverse this 
reversal to consider these tumors locally aggressive (i.e., 
WHO Grade II).



54	 Brain Tumor Pathology (2019) 36:52–55

1 3

References

	 1.	 Tihan T, Fisher PG, Kepner JL, Godfraind C, McComb RD, 
Goldthwaite PT, Burger PC (1999) Pediatric astrocytomas with 
monomorphous pilomyxoid features and a less favorable outcome. 
J Neuropathol Exp Neurol 58:1061–1068

	 2.	 Louis D, Ohgaki H, Wiestler O, Cavenee W, Ellison D, Figarella-
Branger D et al (2016) WHO classification of tumours of the 
central nervous system, Revised, 4th edn. IARC, Lyon (ISBN 
978-92-832-4492-9 Google Scholar)

	 3.	 Brat DJ, Scheithauer BW, Fuller GN, Tihan T (2007) Newly cod-
ified glial neoplasms of the 2007 WHO classification of tumours 

of the central nervous system: angiocentric glioma, pilomyxoid 
astrocytoma and pituicytoma. Brain Pathol 17:319–324

	 4.	 Komotar RJ, Burger PC, Carson BS, Brem H, Olivi A, Goldth-
waite PT, Tihan T (2004) Pilocytic and pilomyxoid hypotha-
lamic/chiasmatic astrocytomas. Neurosurgery 54:72–79 (dis-
cussion 9–80)

	 5.	 Chikai K, Ohnishi A, Kato T, Ikeda J, Sawamura Y, Iwasaki 
Y, Itoh T, Sawa H, Nagashima K (2004) Clinico-pathological 
features of pilomyxoid astrocytoma of the optic pathway. Acta 
Neuropathol 108:109–114

	 6.	 Komotar RJ, Carson BS, Rao C, Chaffee S, Goldthwaite PT, Tihan 
T (2005) Pilomyxoid astrocytoma of the spinal cord: report of 
three cases. Neurosurgery 56:191

Fig. 1   Copy number plots of PA (top) and PMA (bottom) components of a hybrid PA + PMA case. PA component showed focal gains in chro-
mosomes 5 and 7, otherwise diploid; PMA component showed only gain of chromosome 11 (trisomy)



55Brain Tumor Pathology (2019) 36:52–55	

1 3

	 7.	 Sajadi A, Janzer RC, Lu TLC, Duff JM (2008) Pilomyxoid astrocy-
toma of the spinal cord in an adult. Acta Neurochir 150:729–731

	 8.	 Abe K, Sakaguchi M, Fujii M, Takahashi M, Shizukuishi T, 
Aizawa T, Kano T, Kawamata T, Shichino H, Honma T (2009) 
Pilomyxoid astrocytoma difficult to differentiate from pilocytic 
astrocytoma even with typical MRI findings: case report. Neuro-
surg Q 19:295

	 9.	 Arslanoglu A, Cirak B, Horska A, Okoh J, Tihan T, Aronson L, 
Avellino AM, Burger PC (2003) Yousem DMJAjon: MR imag-
ing characteristics of pilomyxoid astrocytomas. Am J Neuroradiol 
24:1906–1908

	10.	 Alkonyi B, Nowak J, Gnekow AK, Pietsch T, Warmuth-Metz M 
(2015) Differential imaging characteristics and dissemination 
potential of pilomyxoid astrocytomas versus pilocytic astrocyto-
mas. Neuroradiology 57:625–638

	11.	 Johnson MW, Eberhart CG, Perry A, Tihan T, Cohen KJ, Rosen-
blum MK, Rais-Bahrami S, Goldthwaite P, Burger PC (2010) 
Spectrum of pilomyxoid astrocytomas: intermediate pilomyxoid 
tumors. Am J Surg Pathol 34:1783–1791

	12.	 Fernandez C, Figarella-Branger D, Girard N, Bouvier-Labit C, 
Gouvernet J, Paredes AP, Lena GJN (2003) Pilocytic astrocyto-
mas in children: prognostic factors—a retrospective study of 80 
cases. Neurosurgery 53:544–555

	13.	 Colin C, Padovani L, Chappe C, Mercurio S, Scavarda D, Loun-
dou A, Frassineti F, Andre N, Bouvier C, Korshunov A, Lena G, 
Figarella-Branger D (2013) Outcome analysis of childhood pilo-
cytic astrocytomas: a retrospective study of 148 cases at a single 
institution. Neuropathol Appl Neurobiol 39:693–705

	14.	 Fuller CE (2016) Pilocytic astrocytoma and pilomyxoid astrocy-
toma. In: Adesina AM, Tihan T, Fuller CE, Poussant TY (eds) 
Atlas of pediatric brain tumors, 2nd edn. Springer, Switzerland, 
pp 7–17

	15.	 Yde CW, Sehested A, Mateu-Regué À, Østrup O, Scheie D, 
Nysom K, Nielsen FC, Rossing MJCG (2016) A new NFIA: 
RAF1 fusion activating the MAPK pathway in pilocytic astrocy-
toma. Cancer Genetics 209:440–444

	16.	 Jones DTW, Hutter B, Jäger N, Korshunov A, Kool M, War-
natz H-J, Zichner T, Lambert SR, Ryzhova M, Quang DAK, 

Fontebasso AM, Stütz AM, Hutter S, Zuckermann M, Sturm D, 
Gronych J, Lasitschka B, Schmidt S, Şeker-Cin H, Witt H, Sul-
tan M, Ralser M, Northcott PA, Hovestadt V, Bender S, Pfaff E, 
Stark S, Faury D, Schwartzentruber J, Majewski J, Weber UD, 
Zapatka M, Raeder B, Schlesner M, Worth CL, Bartholomae CC, 
von Kalle C, Imbusch CD, Radomski S, Lawerenz C, van Sluis 
P, Koster J, Volckmann R, Versteeg R, Lehrach H, Monoranu C, 
Winkler B, Unterberg A, Herold-Mende C, Milde T, Kulozik AE, 
Ebinger M, Schuhmann MU, Cho Y-J, Pomeroy SL, von Deimling 
A, Witt O, Taylor MD, Wolf S, Karajannis MA, Eberhart CG, 
Scheurlen W, Hasselblatt M, Ligon KL, Kieran MW, Korbel JO, 
Yaspo M-L, Brors B, Felsberg J, Reifenberger G, Collins VP, 
Jabado N, Eils R, Lichter P, The International Cancer Genome 
Consortium PedBrain Tumor P, Pfister SM (2013) Recurrent 
somatic alterations of FGFR1 and NTRK2 in pilocytic astrocy-
toma. Nat Genet 45:927

	17.	 Jeon Y-K, Cheon J-E, Kim S-K, Wang K-C, Cho B-K, Park S-H 
(2008) Clinicopathological features and global genomic copy 
number alterations of pilomyxoid astrocytoma in the hypothala-
mus/optic pathway: comparative analysis with pilocytic astrocy-
toma using array-based comparative genomic hybridization. Mod 
Pathol 21:1345

	18.	 Kleinschmidt-DeMasters BK, Donson AM, Vogel H, Foreman NK 
(2015) Pilomyxoid astrocytoma (PMA) shows significant differ-
ences in gene expression vs. pilocytic astrocytoma (PA) and vari-
able tendency toward maturation to PA. Brain Pathol 25:429–440

	19.	 Kline CN, Joseph NM, Grenert JP, van Ziffle J, Talevich E, 
Onodera C, Aboian M, Cha S, Raleigh DR, Braunstein SJN-O 
(2016) Targeted next-generation sequencing of pediatric neuro-
oncology patients improves diagnosis, identifies pathogenic ger-
mline mutations, and directs targeted therapy. Neuro-oncology 
19:699–709

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Pilomyxoid astrocytomas: a short review
	Abstract
	Introduction
	Clinical, demographic and radiologic features
	Histological features of PMAs and differences from PAs
	Clinical course and outcome
	Molecular features
	References




