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Abstract
High-grade astrocytoma with piloid features (HGAP) is a recently described primary brain tumor and the first 
requiring a specific methylation pattern for diagnosis, as its histologic features are often compatible with other 
tumors such as glioblastoma (GBM). Characterized by molecular alterations in CDKN2A/B, NF1, BRAF, FGFR1, and 
ATRX, they may be located anywhere in the CNS but show a predilection for the posterior fossa. Reports are limited 
to retrospective case series, and the standard of care is not yet established. We performed a retrospective review 
of electronic medical records of all patients with HGAP at our institution. Records were queried for demographic, 
radiographic, clinical, surgical, pathologic, and outcome data. Eighteen patients were included with a median 
17.1 months follow-up. Of these, 12 (63.2%) were women with a mean age of 43 years (range 24–67). The most 
common tumor locations were the cerebellum (8 patients, 42.1%) and thalamus (6 patients, 31.6%). On imaging, 
tumors were most commonly homogeneously contrast-enhancing (10 patients, 52.6%) or rim enhancing with 
central necrosis (5 patients, 26.3%). Ten patients (52.6%) underwent biopsy, while nine (47.4%) underwent resection, 
of which four (44.4%) underwent gross total resection. Adjuvant therapy included radiation in 16 patients (88.9%) 
and systemic treatment in 16 patients (88.9%). The initial systemic treatment was temozolomide in 14 patients 
(77.8%). One patient received upfront trametinib (a MEK1 inhibitor), and one patient received upfront dabrafenib 
(a BRAF inhibitor). At last follow up, 11 patients (57.9%) had progressive disease. Median progression-free survival 
(PFS) was 5.4 months (range 1.6–28.2 months), and median overall survival (OS) had not been reached. HGAP is a 
newly described rare glial tumor without an established standard of care. Its aggressive behavior and targetable 
mutations warrant further investigation regarding predictors of outcome for this entity.
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Introduction
High-grade astrocytoma with piloid features (HGAP) is 
a recently described primary glioma and the first glioma 
requiring a specific methylation pattern for diagnosis [2, 
10]. HGAP was initially described by Reinhardt in 2018, 
appearing early in the fifth decade of life and character-
ized by molecular alterations in CDKN2A/B, NF1, BRAF, 
FGFR1, and ATRX [2, 4, 11]. This lesion may be located 
anywhere in the central nervous system (CNS) but shows 
a predilection for the posterior fossa [4]. Histologically, 
such neoplasms can show microvascular proliferation or 
necrosis akin to glioblastoma (GBM) and, though most 
are circumscribed, some can show either focal or more 
prominent infiltrative growth patterns [4]. While this 
entity was included in the 2021 WHO Classification for 
CNS Tumors, its management is not yet standardized 
[4, 6]. Multiple treatment regimens have been described, 
including standard of care chemoradiation followed by 
adjuvant temozolomide, or targeted agents such as BRAF 
or MEK inhibitors [2, 11]. In order to further characterize 
this entity, we performed a retrospective chart review of 
all cases of HGAP at a single institution.

Methods
We performed a retrospective review of electronic medi-
cal records of all patients diagnosed with HGAP at our 
institution. Search criteria included the diagnosis “high 
grade astrocytoma with piloid features” or “HGAP.” 
Other search criteria included “posterior fossa glioma,” 
“glioma with piloid features,” and “atypical pilocytic 
astrocytoma.” Records were queried for demographic, 
radiographic, clinical, surgical, pathologic, DNA meth-
ylation profiling, and outcome data. Demographic data 
included age at time of surgery, sex, race, and other can-
cer history. Radiographic data included tumor location 
and size. Clinical data included presenting symptoms, 
presence of seizures, performance status as measured by 
the Karnofsky Performance Score (KPS), and the use of 
systemic and/or radiation therapy. Surgical data included 
type of surgery (classified as biopsy, subtotal resection, 
or gross total resection), length of stay after surgery, and 
discharge disposition. Pathologic data included the char-
acterization of various mutations and genomic altera-
tions which included all standard glioma-associated 
genes including the TERT promoter. All pathology was 
reviewed by a board-certified neuropathologist. Out-
come data included progression-free survival (defined as 
the interval between the date of surgery and radiographic 
progression) and overall survival (defined as the interval 
between the date of pathological diagnosis/surgery and 
death)(see Table 1).

Results
Patient data are presented in Table  1. There were 18 
patients with HGAP identified at our institution with a 
median 17.1 months follow-up after pathologic diagnosis. 
Eleven patients (61.1%) were women. The mean age was 
44.4 years (SD 12.5, range 24–67). The mean preopera-
tive KPS was 80 (SD 9.4, range 70–100). Three patients 
(16.7%) had a history of Neurofibromatosis Type 1 (NF1). 
The most common tumor locations were cerebellar 
(seven patients, 38.9%) and thalamic (six patients, 33.3%). 
On imaging, tumors were most commonly homoge-
nously contrast-enhancing (ten patients, 55.5%), followed 
by rim-enhancing with central necrosis (five patients, 
27.8%) and patchy enhancement (three patients, 16.7%) 
(Fig. 1). Six patients (31.6%) had extensive peritumoral 
FLAIR attenuation suggestive of invasive disease. Three 
patients (of 16 with available data) had diffusion restric-
tion, though all were patchy or mild. Radiographic lepto-
meningeal infiltration was present at diagnosis in three 
patients (16.7%). Nine patients (50.0%) underwent biopsy 
for diagnostic confirmation, while nine (50.0%) under-
went resection, of which four (44.4%) underwent gross 
total resection. Three patients (33.3%) who underwent 
resection had preceding biopsies to determine treatment 
plans. Following surgery, patients remained in the hospi-
tal for a mean of 4.0 days (range 0–14), and four (33.3%) 
were discharged to an inpatient rehabilitation facility. The 
mean KPS at discharge was 90 (SD 7.9, range 70–100).

Histologic examination of the tumors showed vari-
able morphology with some showing classical piloid 
features, some having an oligodendroglial appearance, 
many exhibiting prominent microvascular proliferation, 
few demonstrating focal necrosis, and others that were 
more densely cellular with highly atypical/multinucle-
ated cells (Fig.  2A-G). All but one patient had molecu-
lar data available for review. Thirteen patients (72.2%) 
had either loss of protein expression of ATRX (Fig. 2H) 
or mutation in ATRX. Overall, 11 total patients (61.1%) 
demonstrated loss of CDKN2A and/or CDKN2B. Six 
patients (33.3%) had NF1 mutations, three patients 
(16.7%) carried FGFR1 mutations, two patients (11.1%) 
harbored the KIAA1549::BRAF fusion (one of which also 
harbored a concurrent PTPRZ1::MET rearrangement), 
and two patients (11.1%) demonstrated the BRAFV600E 
mutation. One patient showed a subclonal BRAFG494V 
alteration of uncertain clinical relevance. Only one 
patient demonstrated a pathogenic TP53 mutation, and 
two patients showed RB1 alterations (one with copy 
number loss and one with pathogenic mutation). While 
no TERT promoter mutations were identified in this 
cohort, one tumor harbored a TERT mutation p.G433D, 
which is of unknown significance. The MGMT promoter 
was methylated in only four out of fourteen cases with 
available data (22.2%). All but 5 cases underwent DNA 
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methylation profiling. All cases matched to the class of 
“High Grade Astrocytoma with Piloid Features” except 
2: one did not have an exact match, likely due to low 
tumor quantity, and a suggestive score for “high grade 
astrocytoma with piloid features” was noted; the second 
matched to “atypical pilocytic astrocytoma.” This latter 
case had DNA methylation profiling studies performed 
at a different institution than the other cases; this tumor 
class name was given by the institution and, based on 
the description in the outside report, reflects the class of 
“high grade astrocytoma with piloid features.”

Information regarding postoperative treatment was 
available for 17 patients. Adjuvant therapy included 
radiation in 15 patients (88.2%) and systemic treatment 
in 15 patients (88.2%). The initial systemic treatment 
was temozolomide in 13 patients (76.4%). One patient 
received upfront trametinib (a MEK1 inhibitor), and one 
patient received upfront dabrafenib (a BRAF inhibitor).

At the time of this writing, 11 patients (61.1%) had 
progressive disease. Median progression-free survival 
(PFS) was 5.0 months (SD 7.7, range 1.6 to 28.2 months). 
Median overall survival was 15.6 months (SD 22.2, range 
13.2–52.8 months).

Discussion
HGAP is a recently defined malignant primary brain 
tumor without an established standard of care. Earlier 
reports of HGAP arose from reclassification of tumors 
diagnosed as anaplastic astrocytoma or GBM. Reinhardt 
et al. [10] performed methylation analysis on a series 
of 86 tumors initially diagnosed as cerebellar GBM and 
found that 25 of those met criteria for HGAP. This group 
also discovered 86 cases of HGAP among 102 tumors 
initially classified as anaplastic pilocytic astrocytomas 
[11]. HGAP lacks a distinct histological profile, shar-
ing features with GBM (e.g. microvascular proliferation, 
high mitotic activity, and necrosis) and pilocytic astro-
cytoma (e.g. eosinophilic granular bodies and Rosenthal 
fibers) [3, 10, 11]. Tumors are typically moderately cel-
lular and can range from very circumscribed to focally 
or, less commonly, diffusely infiltrative; the degree of 
nuclear atypia is highly variable [11]. Given this constel-
lation of features, it is unsurprising that the prognosis for 
patients with HGAP lies between that of GBM and pilo-
cytic astrocytoma. This difference in prognosis highlights 
the importance of performing molecular and epigenetic 
analyses in order to establish the correct diagnosis as it 
has implications for patient survival.

Just as no unifying histologic finding characterizes 
HGAP, this tumor also lacks a consistent radiographic 
appearance, again occupying a spectrum between GBM 
and lower-grade tumors. Most of the patients in our 
cohort had homogenously enhancing lesions, while 
some had rim enhancing lesions with central necrosis Pa
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commonly seen in GBM. Other authors have observed 
primarily rim-enhancing or heterogeneously-enhancing 
masses [2, 14]. Diffusion restriction is an uncommon 
finding, though we observed at least a subset of tumors 
with this radiologic feature [14]. The variable radiologic 
appearances reported for this entity are likely related 
to the similarly variable morphologic findings as some 
tumors are densely cellular whereas others are not, some 
show exuberant microvascular proliferation, and some 
demonstrate necrosis. Given this vast spectrum, it is 
important to remember this diagnostic possibility, both 
in radiologic and histopathologic differential diagnoses, 
particularly for tumors located within the posterior fossa.

Importantly, despite the variability in radiologic and 
histologic appearances, HGAP may be characterized by 

a distinct set of molecular alterations that can help guide 
diagnosis, particularly in settings where DNA meth-
ylation profiling is not readily available. Alterations in 
CDKN2A/B represent the most common genomic abnor-
mality seen in HGAP, although it is by no means a spe-
cific finding and must be taken in conjunction with other 
radiologic, morphologic, and molecular features [3, 11]. 
In congruency with previous findings, loss of CDKN2A/B 
were observed in over half of our cohort. CKDN2A/B 
encode proteins p14, p15, and p16, which are involved in 
regulating cell growth and angiogenesis [16]. Homozy-
gous deletion of CDKN2A/B is uniformly associated with 
a worse prognosis in GBM and IDH-mutant astrocy-
toma, which may partially explain the aggressive behav-
ior of HGAP [5, 8]. BRAF mutations currently carry an 

Fig. 1  T1 post-contrast (A) axial and (B) sagittal and T2 FLAIR (C) axial and (D) sagittal magnetic resonance images of vermian HGAP in a 68-year-old man. 
The mass and surrounding cerebellar folia display marked enhancement, suggesting leptomeningeal spread
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uncertain prognostic weight in high grade gliomas, yet 
they are a significant feature if present as they are a targe-
table mutation [13]. BRAF inhibitors, which target V600 
variants, have been approved for several other malignan-
cies including melanoma and non-small cell lung carci-
noma [15]. Two patients in our cohort were treated with 
BRAF inhibitors at recurrence. One patient was lost to 
follow up, but the other remains alive at the time of this 
writing 20 months after diagnosis and 15 months after 
recurrence. Larger studies with longer-term follow up 
are needed to determine the utility of such agents for 
primary or recurrent HGAP. HGAP is also characterized 
by a high rate of nuclear ATRX loss. [11] Reinhardt et al. 
[11] observed a 44% rate of nuclear ATRX loss and 23% 
rate of ATRX mutation in their series. While ATRX loss 
confers radiosensitivity in other high-grade gliomas, no 
association with survival was observed in HGAP, possi-
bly reflective of the presence of other mutations or young 
patient age [9, 11]. 

Our findings largely align with existing reports in 
the literature (see Table  2) [2, 10, 11]. Our patients are 
mostly middle-aged adults with posterior fossa or tha-
lamic tumors. Mutations in the MAPK pathway, ATRX 
loss, and CDKN2A/B loss were common. While the stan-
dard of care for more common glial tumors is well estab-
lished, the wide variety of treatment courses undergone 
by patients in our cohort reflects a lack of standardiza-
tion, which is also evident in the literature. Patients in 
our cohort most commonly received temozolomide, 
which is likely to be effective given the reportedly high 
rate of MGMT promotor methylation seen in HGAP, 
though the majority of tumors in our study set demon-
strated absence of MGMT promoter methylation [10]. 
Given the unpredictability in MGMT promoter status, it 
is useful that this tumor often harbors a high rate of other 
targetable mutations, which presents an opportunity to 

study alternative agents. Larger series will be needed to 
determine their utility. The optimal extent of resection 
for HGAP is also not well-defined. Indeed, other series 
have not reported data regarding extent of resection [2, 4, 
10, 11]. It will be important to define the role of extent of 
resection in this tumor given its propensity to occur in or 
near eloquent structures, which explains the low rate of 
gross total resection observed in our study.

One of the difficult caveats with the diagnosis of HGAP 
is grading. Currently, the WHO recommendations do 
not include an exact tumor grade as this tumor has a 
broad scale of biologic behavior and therefore it is dif-
ficult to precisely characterize it. The waters are further 
muddied by the historical fact that many such tumors 
were likely previously diagnosed as “cerebellar GBM” 
and therefore it is difficult to perform studies involving 
cases that predate the routine use of molecular study to 
separate HGAP from bona fide GBM. On one hand, most 
patients will experience recurrence or regrowth as most 
cases are incompletely resected simply due to the loca-
tions in which these tumors commonly occur. The true 
biologic behavior surely lies somewhere between a pilo-
cytic astrocytoma and GBM though in reality it leans 
more toward the behavior of GBM. Thus, as its name 
states, it should be considered high grade, at least a CNS 
WHO grade 3, which our data, like that in the literature, 
support. Time will tell whether this tumor deserves to 
remain grade 3 or whether it warrants a more aggressive 
designation of grade 4. These distinctions may be clini-
cally important particularly as it pertains to nomencla-
ture and grading for eligibility for clinical trials; though 
this tumor is a high-grade glioma, it is its own entity and 
excludes patients from trials specifically needing a diag-
nosis of GBM.

The median PFS observed in our study was 5.4 months, 
which is considerably lower than that of GBM.8 We 

Fig. 2  Microscopic findings of HGAP to demonstrate the variable morphology with (A) smear preparation showing long delicate piloid processes and 
admixed Rosenthal Fibers, (B) a mildly to moderately cellular region (C) higher power view of scattered eosinophlic granular bodies and Rosenthal fibers, 
(D) areas of oligodendroglial morphology, (E) foci demonstrating highly atpical cells with bizarre nuclear atypia, F), extensive microvascular/glomeruloid 
proliferation, G) foci of necrosis, and H) loss of nuclear expression of ATRX within the atypical tumor cells with appropriate internal positive control show-
ing retained expression in endothelial cells
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suspect this is not representative of the true behavior of 
HGAP for several reasons. Firstly, several patients were 
lost to follow up and received treatment at other institu-
tions, which decreases the sample size, thereby magni-
fying the significance of short-term survival, and would 
fail to capture longer survival times. Secondly, our cohort 
had a high proportion of thalamic and brainstem tumors, 
which are less amenable to gross total resection. Addi-
tionally, several patients did not undergo either chemo-
therapy or radiation; of those, patients with available 
follow-up data had poor survival (1.57, 5.23, and 3.17 
months). We suspect that further, prospective study with 
larger cohorts and longer follow-up will demonstrate sig-
nificantly better survival.

There are several limitations to this study. Due to the 
rarity and novelty of HGAP and reliance on reclassifica-
tion of previously obtained specimens, our sample size 
is relatively small, which limited our analysis. Because 
many of the patients in our study received care at mul-
tiple institutions, loss to follow up was a frequent occur-
rence and renders meaningful survival analysis difficult. 
The wide variety of treatments undergone by the patients 
in this study limits our ability to determine the optimal 
regimen for HGAP. However, the range of treatments our 
patients received in a relatively small sample size under-
scores the importance for continued study of this entity 
to optimize the most efficacious treatment regimen as we 
are still in somewhat uncharted territory when it comes 
to managing these uncommon tumors.

Conclusion
DNA methylation profiling has recently identified HGAP 
as a tumor sharing histologic and molecular features with 
pilocytic astrocytoma and GBM. The unique molecular 
profile of this tumor presents new opportunities for ther-
apies beyond standard temozolomide-based chemoradia-
tion. Further analysis with longer follow-up and larger 
series is needed to determine the optimal treatment 
strategy for this malignancy.
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