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Abstract

Prognostic significance of histological anaplasia and BRAF V600E mutation were retrospectively
evaluated in 74 patients with pleomorphic xanthoastrocytoma (PXA). Median age at diagnosis was
21.5 years (31 pediatric, 43 adult) and median follow-up 7.6 years. Anaplasia (PXA-AF), defined
as mitotic index = 5/10HPF and/or presence of necrosis, was present in 33 cases. BRAF V600E
mutation was detected in 39 (of 60) cases by immunohistochemical and/or molecular analysis, all
negative for IDH1 (R132H). Mitotic index = 5/ 10HPF and necrosis were associated with
decreased overall survival (OS; P = 0.0005 and P = 0.0002, respectively). In all cases except two,
necrosis was associated with mitotic index = 5/10HPF. Patients with BRAF V600E mutant tumors
had significantly longer OS compared with those without BRAF VV600E mutation (P = 0.02).
PXA-AF patients, regardless of age, had significantly shorter OS compared with those without (P
=0.0003). Recurrence-free survival was significantly shorter for adult PXA-AF patients (P =
0.047) only. Patients who either recurred or died <3 years from diagnosis were more likely to have
had either PXA-AF at first diagnosis (P = 0.008) or undergone a non-gross total resection
procedure (P = 0.004) as compared with patients who did not. This study provides further
evidence that PXA-AF behaves more aggressively than PXA and may qualify for WHO grade 111
“anaplastic” designation.
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INTRODUCTION

Pleomorphic xanthoastrocytoma (PXA) is a rare brain tumor, most commonly affecting
children and young adults. Advances in our understanding of its natural history and
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prognosis have been hindered by its rarity and the lack of well-studied large cohorts with
adequate clinical information, including long-term follow-up. At 5 years, PXA has a
relatively favorable prognosis when compared with diffusely infiltrative astrocytomas, with
30% recurrence rate and 75% to 80% overall survival rates following primary resection (20,
24, 50). In our previous study, a mitotic index (MI) = 5/10 high-power fields (HPF) was
associated with significant decrease of both recurrence-free and overall survival (24). The
extent of surgical resection was an independent predictor of recurrence-free survival. Based
on these findings, we proposed that PXA cases with M1 = 5/10 HPF, with or without
accompanying necrosis, be designated as “PXA with anaplastic features” (PXA-AF)
followed by a clear statement about the possibility of a potentially more aggressive clinical
behavior (24). At that time, it was felt to be premature to classify PXA-AF as an anaplastic
(WHO grade 111) glioma, as the term “anaplastic” could result in inappropriately aggressive
treatment, especially when resectability more often affected the outcome than ordinary
anaplastic astrocytoma. This view along with the “PXA-AF” terminology was subsequently
adopted in the 2007 World Health Organization Classification of Tumors of the Central
Nervous System, in which PXA is graded as a WHO grade Il tumor (23).

In the last 15 years, the rare nature of PXA has resulted in a slowly growing literature
restricted to well-documented case reports of classic examples (35, 63), classic examples
with unusual clinical presentation/course (2, 8, 12, 21, 40, 48, 67) or in uncommon locations
(3, 11, 19, 27, 45, 55, 60, 72), rare morphological variants (9, 18, 52, 54, 59, 65, 70),
biphasic combined/collision tumors (1, 6, 15, 16, 25, 28, 31, 51, 61, 73), as well as a few
small series (17, 20, 29, 38, 39, 42, 47, 53, 58, 62) and reviews (32, 42, 64, 68). Currently,
WHO grading of so-called “PXA-AF” remains undefined, and it is still unclear whether
these rare tumors should be termed “anaplastic” (WHO grade I1). As a result, there is
substantial heterogeneity on grading of PXA-AF (68). In a recent study based on the
National Cancer Institute’s Surveillance, Epidemiology and End Results (SEER) database
(50), of the 214 patients with PXA diagnosis (1981-2007), the percentage of unknown
tumor grade was considerably high (54%), and the reported grading ranged from WHO
grades I to 1V. Therefore, a better understanding of the natural history and outcome of PXA
and PXA-AF remains a priority to guarantee consistent and homogeneous therapeutic
strategies for these patients.

The characteristic genetic alterations of infiltrating gliomas are infrequent or absent in PXA
(22, 33, 44, 49, 74). PXA frequently shows chromosomal imbalances (26), including
recurrent 9p21.3 losses (56, 74), encompassing CDKN2A/2B tumor suppressor gene loci (69,
75), with loss of p16 expression (36). Recently, PXA has been found to harbor the highest
frequencies of BRAF V600E mutation in primary central nervous system (CNS) neoplasms
(up to 60%—-78%) (5, 10, 13, 36, 57, 75). This mutation can be identified by
immunohistochemistry using a BRAF V600E mutation-specific monoclonal antibody (30).
Conversely, IDH1-2 mutations, which are frequently present in infiltrating gliomas, do not
occur (58), with the exception of rare cases (71), which could potentially represent
misclassified pleomorphic infiltrating gliomas rather than PXA.

Herein, we retrospectively reviewed 74 PXA cases, both of pediatric and adult age, from
two highly active neuro-oncology practices to further clarify the natural history and
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prognosis of this tumor. We reevaluated the prognostic significance of histologic features of
anaplasia in addition to specific molecular alterations in order to determine whether PXA-
AF deserves a higher grade designation than the classic WHO grade 11 PXA.

MATERIALS AND METHODS

Case selection

All studies were conducted according to Mayo Clinic- and Johns Hopkins Institutional
Review Board-approved protocols. Ninety-eight cases with diagnosis that included the term
“pleomorphic xanthoastrocytoma” upon first surgical resection, in which the patient had
been clinically evaluated and/or treated at Mayo Clinic (n = 68) or Johns Hopkins University
(n = 30), were identified from 1965 to 2013. All existing diagnostic slides were retrieved
and reviewed by at least two of the authors (CG and CMI). According to previously
described criteria (23), tumors showing a relatively solid growth pattern, composed of a
combination of spindle-shaped, xanthic and pleomorphic, multinucleated giant astrocytes,
associated with both pale and bright eosinophilic granular bodies were diagnosed as PXA
(Figure 1). Features of anaplasia, including mitotic index (MI) = 5/10 HPF, necrosis (N) and
endothelial proliferation (EP) were assessed (Figure 1). PXA cases were further classified as
classic PXA (MI < 5/10 HPF, without N and EP) or PXA-AF (Ml = 5/10 HPF and/or N
and/or EP). Cases in which slides were unavailable for re-review were included if the
histologic description of the pathology report reflected the aforementioned diagnostic
criteria.

A total of 74 cases (76%) were selected and consisted of 54 (of 68) cases from Mayo Clinic,
including 14 cases from our original series (24) and 20 (of 30) cases from Johns Hopkins
University. Twenty-four (of 98) cases were excluded: nine cases reclassified as
“astrocytoma with pleomorphic/PXA-like features” felt not to fulfill the diagnostic criteria
for PXA; 12 cases previously diagnosed as “suggestive of ” or “consistent with” PXA in
which the original slides were unavailable for review; one case diagnosed as “combined
PXA-oligodendroglioma,” which had been previously reported (51); one case with multiple
brain tumors, some of which had been diagnosed as PXA, and likely associated with an
uncharacterized genetic syndrome other than neurofibromatosis type 1; and one case that
was part of the original series in which the initial pediatric patient withdrew research
consent at age 18 and could not be reached to discuss the possibility of a new research
consent. Of the 74 selected patients, 28 cases had =2 resections, totaling 116 tumors. Slides
were available for review in 95 (of 116) tumors from 72 (of 74) patients and included the
first resection specimen in 65 cases.

Clinical and therapeutic data as well as follow-up information were obtained from review of
the medical records. Additional treatment generally followed recurrence and consisted of
radiotherapy, chemotherapy, radiosurgery or a combination. In an attempt to update status
for patients lost to follow-up as of 2011 or earlier (n = 34), Accurint database (http://
www.accurint.com/) was used to determine their current vital status, and contact letters were
sent to a subset of patients from the Mayo Clinic (n = 23). Updated vital status information
was obtained in all 34 cases. Twelve (of 23) patients that were contacted by letter responded,
and updated follow-up information was collected in 8 (of 12) cases.
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BRAF V600E and IDH1 R132H mutation analyses

Four-micron sections of formalin-fixed, paraffin-embedded (FFPE) tissue were available in
60 (of 74) cases (81%) and were stained with mouse monoclonal BRAF V600E antibody
(1/100 titer; clone VEL1, Spring Bioscience, Pleasanton, CA, USA) and with IDH1-R132H
monoclonal antibody (1/100 titer; clone H09, Dianova Anti-Human IDH1-R132H antibody,
cat. # DIA HQ9), following previously described protocols (30, 66). Positive control
included a known BRAF V600E mutant skin malignant melanoma and a known IDH1
R132H mutant infiltrating glioma. BRAF V600E immunostain was scored as “positive”
when tumor cells showed non-ambiguous cytoplasmic staining, as “indeterminate” for faint,
weak granular staining or as “negative” (30). For IDH1-R132H immunostain, cases were
scored as either “positive” or “negative.” Thirty-nine of these 60 cases (65%) had sufficient
(=20%) viable tumor for BRAF V600E molecular genetic analysis. In a single case, BRAF
V600E mutation analysis had been performed at the primary referring institution. The
remaining 38 cases were tested by BRAF allele-specific PCR with fragment analysis (30). A
subset of the cases, including 46 (of 60) cases evaluated for BRAF V600E immunostain and
37 (of 39) cases evaluated for BRAFV600E mutation by molecular genetic testing had been
reported in our previous study (30).

Statistical analysis

Characteristics of the patients were summarized with means or medians and standard
deviations or ranges for continuous data (as appropriate) and with frequencies and
percentages for categorical data. Recurrence-free survival and overall survival were
compared between patient groups (ie, PXA vs. PXA-AF) with log-rank tests and were
summarized with 5-year survival estimates along with 95% confidence intervals using the
Kaplan—Meier method. The survival analyses were performed in the full group as well as
stratified by age in pediatric (<18 years) and adult (>18) groups. Further analysis was
undertaken to examine whether there was any difference between patients who had an “early
event” (recurrence or death within <3 years from diagnosis) vs. those who did not have an
early event. This analysis included all patients who had at least 5 years of follow-up
available or who may have died within the first 5 years (so that early recurrence resulting
into death would not be missed). Patient characteristics were then compared between those
“with” vs. those “without an early event” using chi-square or Fisher’s exact tests, as
appropriate. All analyses were performed using SAS version 9 (Cary, NC, USA) or R
(www.r-project.org). P-values < 0.05 were considered statistically significant. Because of
the rare nature of PXA, no adjustments for multiple statistical testing were performed, and
all P-values presented are unadjusted so the reader may interpret at his or her own
discretion.

RESULTS

Clinicopathologic features

Clinical features are detailed in Table 1. Patients included 40 men and 34 women, with
median age at diagnosis of 21.5 years (range 5-73). Of these, 31 patients were <18 years old
(pediatric), and 43 patients were >18 years old (adult). Tumors were predominantly
supratentorial (97%), with 43% of cases involving the temporal lobe (35% exclusively the
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temporal lobe, 8% >1 lobe including the temporal lobe). Radiologically, most tumors had
contrast enhancement (94%), and cystic changes were present in 39% of cases. Seizures
were the most frequent symptom at presentation (64%). Gross total resection (GTR) was
achieved in 40 cases (57%), subtotal resection (STR) in 29 cases (41%), biopsy only in one
case, and the type of surgery was unknown in four cases.

At first diagnosis, 51 patients (69%) were diagnosed with PXA (WHO grade I1) and 23
patients (31%) with PXA-AF. Histologic features of anaplasia were present in 33 cases: at
first diagnosis in 23 and upon recurrence in the remaining 10. Of these 33 cases, slides were
available for review in 31 cases. Histological features of anaplasia were distributed as
follows: MI = 5/10 HPF in eight cases, N in two cases, M1 = 5/10 HPF + N in 11 cases and
MI = 5/10 HPF + N + EP in 10 cases (Table 2).

BRAF V600E and IDH1 R132H mutation status

All 60 cases with tissue available were evaluable by immunohistochemistry for BRAF
V600E and IDH1 R132H mutations. BRAF V600E mutation molecular genetic testing was
successful for all 39 cases with tissue available tested, including a single case tested at the
primary referring institution.

BRAF V600E and IDH1 R132H mutation status results are shown in Table 3. Thirty-nine (of
60) cases were positive for BRAF V600E immunostain (30 PXA; 9 PXA-AF); 5 (of 60)
cases (1 PXA and 4 PXA-AF) were scored as “indeterminate”; and 16 (of 60) cases (10
PXA; 6 PXA-AF) were negative. Of the cases tested for BRAF V600E mutation, 24 cases
were mutant (18 PXA, 6 PXA-AF), and 15 cases were nonmutant (8 PXA; 7 PXA-AF).
There was complete agreement between BRAFV600E mutation detection by
immunohistochemistry and by molecular analysis, and 4 (of 5) cases scored as
“indeterminate” for BRAF V600E immunostain lacked BRAF VV600E mutation by molecular
testing. The remaining fifth case did not have sufficient tissue for molecular analysis.
Combining immunohistochemical and molecular genetics results demonstrated 39 BRAF
V600E mutant (65%), 20 BRAF V600E nonmutant (33%) and one “indeterminate” for
BRAF V600E mutation (2%). All 60 (100%) cases were negative for mutant IDH1 (IDH1-
R132H) immunostain.

Survival analyses

Clinical follow-up—Follow-up data is detailed in Table 4. After first resection, 35 patients
(17 PXA,; 18 PXA-AF) received postoperative therapy, which generally followed recurrence
or progression and consisted of radiotherapy (RT) only (5 PXA and 3 PXA-AF),
radiosurgery (RS) only (1 PXA), chemotherapy +/- RT/RS (11 PXA and 14 PXA-AF) and
RT + RS (1 PXA-AF). A single patient with recurrent PXA-AF that harbored BRAF V600E
mutation received BRAF V600E inhibitor vemurafenib for 3 days; therapy was discontinued
because of side effects (rash and arthralgia). No other patient in this series was given BRAF
V600E-targeted therapy. Median follow-up was 7.6 years (range 30 days to 31.9 years) for
the entire group, 11.2 years (206 days—31.9 years) and 4.0 years (30 days—22.9 years) for
PXA and PXA-AF, respectively. Twenty-one (of 51) PXA patients developed tumor
recurrence; 11 cases recurred as classic PXA and 10 cases progressed to PXA-AF at the time
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of first (n = 9) or subsequent (n = 1) recurrence. Among PXA-AF patients, 11 (of 23)
developed tumor recurrence: the recurrent tumor was histologically consistent with PXA-AF
in nine cases; in the remaining two cases, the recurrent tumor did not show definite
histologic features of anaplasia, likely because of sampling and/or tumor heterogeneity.
These 11 cases were grouped together for analysis purposes. The recurrence-free 5-year
survival rate was 64.6% (95% CI: 53.1%-76.0%) for the entire (PXA + PXA-AF) group.
Recurrence-free survival was not significantly longer for PXA patients in comparison with
PXA-AF patients (5-year estimates 70.9% vs. 48.9%; P = 0.09; Figure 2). A total of 18
patients died, and the majority (n = 14) were known to have died of disease. Of 51 PXA
patients, eight died (six died of disease, four of which had progressed from PXA to PXA-
AF). Of 23 PXA-AF patients, 10 died (eight died of disease). For the remaining four
patients, cause of death was car accident in one (unknown if the patient was a driver or a
passenger) and unknown in three. The overall 5-year survival rate was 80.6% (95% CI:
70.7%-90.5%) for the whole group of PXA + AF patients. The overall survival was
significantly longer for PXA patients when compared with PXA-AF patients (5-year
estimates 90.4% vs. 57.1%; P = 0.0003; Figure 2).

Survival in adult and pediatric patients—Survival was further evaluated in regard to
age group (Figure 3), surgery type, histologic features of anaplasia and BRAF V600E
mutation status. Recurrence occurred in 15 (of 31) pediatric patients and in 17 (of 43) adult
patients, with similar recurrence-free survival between the age groups (5-year estimates
67.9% vs. 62.4%, respectively; P = 0.39). Similarly, overall survival was not significantly
different between pediatric and adult groups (5-year estimates 87.4% vs. 76.3%; P = 0.83).
When stratified by diagnosis at first resection (PXA vs. PXA-AF), overall survival was
longer for PXA patients as compared with PXA-AF patients within both pediatric and adult
groups (P =0.04 and P = 0.003, respectively). Recurrence-free survival, however, was
significantly longer only for adult patients with PXA when compared with adult patients
with PXA-AF (P = 0.047) but not for pediatric patients (P = 0.87; Figure 4).

Survival by extent of resection—GTR was significantly associated with longer
recurrence-free survival when compared with STR/BX (5-year estimates 84.9% vs. 45.4%;
P =0.0002) but not with overall survival. A similar finding was noted among pediatric
patients, with 5-year recurrence-free survival rates of 92.3% and 41.7% (P = 0.0002) for
GTR and STR/BX, respectively. Among adult patients, although recurrence-free survival for
those with GTR was slightly longer as compared with STR/BX (5-year estimates 79.7% vs.
47.6%), this was not statistically significant (P = 0.10).

Survival by anaplasia—Among histological features of anaplasia, which are highly
correlated with the diagnosis of PXA-AF, MI = 5/10 HPF and necrosis were significantly
associated with decreased overall survival (Figure 5) but not with recurrence-free survival in
the overall group. In regard to recurrence-free survival rate, it was slightly decreased for
patients whose tumors had M1 = 5/10 HPF when compared with patients whose tumors
showed MI < 5/10HPF. This association was statistically significant in the adult group (5-
year estimates 43.3% vs. 74.4%, P = 0.04) but not in the pediatric group (75.0% vs. 73.5%,
P = 0.60) or in the overall group (51.6% vs. 73.7%; P = 0.06). Recurrence-free survival was
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significantly higher among adult patients whose tumors did not have necrosis as compared
with those with necrosis (5-year estimates 70.8% vs. 41.1%, P = 0.03) but not among
pediatric patients (73.5% vs. 75.0%, P = 0.69) and in the overall group (71.5% vs. 53.0%, P
= 0.19). Overall survival for patients whose tumor had MI < 5/10HPF was better (5-year
estimate 89.4%) as compared with those whose tumor showed MI = 5/10 HPF (55.6%, P =
0.0005), and the findings were similar among the pediatric (92.9% vs. 50.0%, P = 0.003)
and adult groups (86.8% vs. 59.3%, P = 0.01). Overall survival for patients without tumor
necrosis was better (5-year estimate 90.2%) in contrast to patients whose tumor had necrosis
(42.2%, P =0.0002), and this finding was similar among pediatric (92.9% vs. 50.0%, P =
0.01) and adult patients (88.6% vs. 41.7%, P = 0.002). Presence of endothelial proliferation
was not significantly associated with either overall or recurrence-free survival (P = 0.21 and
P =0.12, respectively). Data was insufficient to detect a difference in survival or recurrence
between PXA-AF patients with MI = 5 and necrosis (n = 14; seven died, six recurred), and
those with MI =5 only (n = 5; two died, three recurred). Only two patients had necrosis but
not increased mitotic activity; both patients are alive, one with limited follow-up (1 month)
and the other without evidence of disease at 10 years.

Survival by BRAF V600E mutation—Patients with BRAF V600E mutant tumors had
significantly longer overall survival when compared with those with BRAF V600E
nonmutant tumors (P = 0.02; Figure 6). Adjusted multivariate analyses to explore this
further were considered as the frequency of BRAF V600E mutation is higher among PXA
patients (n = 30/40, 75.0%) than in PXA-AF patients (n = 9/19, 47.4%). However, this could
not be performed because of the small number of overall deaths and especially because of
the even smaller number of cases with BRAF V600E mutation status data available. BRAF
V600E mutation status was not significantly different between pediatric and adult groups:
BRAF V600E mutation was present in 17 (of 26) pediatric cases and in 22 (of 33) adult
cases (P = 0.92).

Survival by early vs. late events—Further analysis was undertaken to clarify whether
there was any difference between patients with an “early event” (recurrence or death within
< 3 years from diagnosis) vs. those who did not have an early event as detailed in Table 5.
This analysis included all patients (n = 56) who had at least 5 years of available follow-up or
who may have died within the first 5 years (so that early recurrence resulting into death
would not be missed). Of these 56 patients, 21 cases (38%) had an early event (10 PXA and
11 PXA-AF) and either died of disease (n = 7, five of which died following recurrence) or
recurred (n = 14, all were still alive at 3 years); the remaining 35 cases (62%) had no early
event within the first 3 years (29 PXA and 6 PXA-AF). Of note, patients with an early event
were more likely to have had PXA-AF at first diagnosis as compared with those without an
early event (11 of 21, 52.4% vs. 6 of 35, 17.1%; P = 0.008). In addition, patients with an
early event were more likely to have undergone STR/BX and to have tumors with M1 =
5/10HPF when compared with the ones without an early event (P = 0.004 and P = 0.02,
respectively). Postoperative therapy was more frequent amongst patients with early event,
indicating that patients who received adjuvant treatment had clinically aggressive tumors
(proxy for severity): radiotherapy was given to 57.1% (12 of 21) patients with an early event
as opposed to 17.1% (6 of 35) patients without early event (P = 0.003); chemotherapy was
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received by 61.9% (13 of 21) patients with an early event in comparison with 22.9% (8 of
35) patients without early event (P = 0.005). Gender, age group, presence of necrosis or
endothelial proliferation (not shown), and BRAF VV600E mutation status were not
statistically different between the two groups.
DISCUSSION

The results of this extended follow-up study of patients with PXA largely parallel the results
of the original study (24), confirming GTR as the most important predictor of time to
recurrence but not of overall survival. The present study also confirms Ml > 5/10 HPF as a
significant predictor of overall survival and, most importantly, that overall survival is
significantly decreased in PXA-AF patients when compared with PXA patients, both in
children and adults. The presence of necrosis is also a significant predictor of overall
survival. Data was insufficient to detect a difference in survival or recurrence between PXA-
AF patients with M1 = 5 and necrosis and those with MI =5 only. In only two cases did the
tumor show necrosis in the absence of increased mitotic activity, a number too small to
evaluate its independent significance.

Taking into consideration the definition of WHO grade across CNS tumor entities (76), our
study confirms that classic PXA truly behaves as a WHO grade Il tumor, with a strong
intrinsic tendency to recur, especially if incompletely excised. Significantly shorter overall
survival of PXA-AF patients in comparison with PXA patients supports the view that PXA-
AF tumors are definitively more aggressive than PXA. Therefore, it seems reasonable that
PXA-AF should be assigned a corresponding grade to reflect this difference in clinical
behavior and inform appropriate therapeutic management.

Currently, although an official WHO grade has not been attributed to PXA-AF tumors, they
have been graded as either grade 111 (20, 38) or 1V (50). Although the high-grade component
of PXA-AF may be morphologically reminiscent of and has been reported as a
“glioblastoma” (14, 41, 49), “small cell glioblastoma” (34) or “giant cell glioblastoma” (13),
we believe that PXA-AF should not be labeled or graded as a WHO grade 1V tumor, as the
overall clinical course of PXA-AF does not parallel the behavior of glioblastoma.

Therefore, does PXA-AF qualify for a WHO grade 111 tumor? Clearly, PXA-AF is
associated with histologic features of malignancy, frequently has an aggressive clinical
behavior and, because of this, is frequently treated with adjuvant therapies. Outcome of
these patients, however, is quite variable with some patients having early recurrence or death
and others in whom these outcomes are quite delayed. The WHO grading system is based on
a unifying classification criterion for tumors with distinct morphology and underlying
molecular alterations. Within WHO grade I11 tumors, there are tumors with different natural
history and survival (eg, anaplastic ependymoma, anaplastic astrocytoma, anaplastic
oligodendroglioma and anaplastic meningioma). Therefore, it seems reasonable to consider
that PXA-AF would somewhat fit within this heterogeneous “anaplastic” WHO grade 111

group.
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Conflicting reports suggest that PXA-AF is more likely to occur primarily or to recur mostly
in adults (13, 46, 58, 64). Among the 23 patients with PXA-AF at first diagnosis in our
series, adult patients were overrepresented in relation to pediatric patients (16 vs. 7), but
neither recurrence-free nor overall survival significantly differed between these age groups.

We also evaluated the presence and significance of two potential diagnostically relevant
molecular genetic alterations: BRAF V600E and IDH1 R132H mutations. Our data confirm
the high frequency of BRAF V600E mutation in PXA. Diffusely infiltrating gliomas
represent an important morphologic diagnostic differential diagnosis of PXA and have been
shown to frequently harbor the IDH1 R132H mutation (71). In our current series, 65% of the
cases demonstrated BRAF V600E mutation by immunohistochemistry and/or molecular
genetics testing, whereas all cases were negative for IDH1 R132H mutation by
immunohistochemistry. Therefore, the finding of a BRAF V600E-positive IDH1-R132H-
negative immunohistochemical profile for a morphologically pleomorphic astrocytoma in a
clinical setting of a young patient with a contrast-enhancing tumor would suggest the
diagnosis of a PXA. In contrast with other studies suggesting that the frequency of BRAF
V600E mutation in PXA-AF is considerably lower in adults (17%-50%) (13, 57, 58) than in
the pediatric population (100%) (57), frequency of BRAF V600E mutation did not differ
significantly between pediatric and adult patients in our series. We found evidence that
patients with BRAF VV600E mutant tumors had significantly longer overall survival when
compared with those with BRAF V600E nonmutant tumors (P = 0.02). However, the
frequency of BRAF V600E mutation is higher among PXA patients than in PXA-AF
patients. Adjusted multivariate analyses to clarify the real significance of this association
could not be performed.

Finally, our findings support the view that additional nonsurgical therapies may be a
consideration when treating patients with PXA. The role of adjuvant treatment for this tumor
type, however, is not well established in the literature, and both chemotherapy and
radiotherapy have been used mainly for PXA-AF tumors with reports of good response (2,
8, 14). Recently, a small retrospective series reported adult patients with BRAF V600E
mutant recurrent PXA that were radiation- and alkylator-refractory who were given salvage
therapy using BRAF V600E inhibitor vemurafenib. Of the four patients evaluated, one had
partial response, two had stable disease and one showed tumor progression; the authors
concluded that vemurafenib appeared to show a single-agent activity with manageable
toxicity but noted that confirmation in a larger series of similar patients was warranted (7).
A single case of successful treatment of a progressive BRAF V600E-mutated anaplastic
pleomorphic xanthoastrocytoma with vemurafenib monotherapy has just been reported (37).
Marucci et al identified MGMT promoter methylation in 18% (2 of 11) of PXA (9 PXA and
2 PXA-AF), and all MGMT promoter methylated tumors were histologically WHO grade 11
(43). Although based in a very small number of cases, the authors discussed the limited role
of temozolomide treatment for PXA-AF, which only infrequently harbors MGMT promoter
methylation. Of note, primary cell cultures obtained from a recurrent PXA-AF were treated
with five chemotherapeutic drugs, of which, temozolomide was the most effective in
reducing tumor cell viability in vitro (4).
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In summary, this study expands our knowledge on the natural history and molecular features
of PXA and provides additional evidence that PXA-AF, as defined by MI = 5/10 HPF with
or without necrosis, behaves more aggressively than PXA and, accordingly, may qualify for
a WHO grade I1l “anaplastic” designation. Further studies to determine optimal therapeutic
strategies for PXA-AF patients are certainly needed, and establishing an official WHO grade
may be the very first step toward this goal.
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Figure 1.
A,B. Characteristic histological features of PXA. A. Leptomeningeal involvement by

pleomorphic, giant and spindle-shaped tumor cells. H&E, 100x. B. Pale and intensively
eosinophilic granular bodies with occasional xanthic tumor cells. H&E, 400x. C-E.
Histological features of anaplasia. C. Mitotic index = 5/10 HPF, including atypical mitotic
figures. H&E. 400%. D. Necrosis and E. endothelial proliferation. H&E, 200%. F. BRAF
V600E immunostain: strong labeling of tumor cells. 200x.
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A,B. Recurrence-free and overall survival for the entire PXA group. C,D. Recurrence-free
and overall survival stratified by diagnosis at first resection: recurrence-free survival was
slightly longer for patients with PXA when compared with patients with PXA-AF (P =
0.09). PXA-AF patients showed a significant decreased overall survival when compared

with patients with PXA (P = 0.0003).
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survival for PXA pediatric vs. adult patients.
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diagnosis at first resection in the adult group: PXA-AF patients showed significantly
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A Overall Survival by Mitotic Index (MI)
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Overall Survival by Necrosis

— Absent (n=49, 9 deaths)
— Present (n=16, 7 deaths)
P =0.0002
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Overall survival for the entire PXA group stratified by (A) mitotic index (MI) and (B) tumor
necrosis: MI = 5/10HPF and presence of tumor necrosis are significantly associated with

decreased overall survival.
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Overall Survival by BRAF V600E Mutation Status
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Figure 6.
Overall survival for the entire PXA group stratified by BRAF V600E mutation status:

patients with BRAF VV600E mutant tumors had significantly longer overall survival when
compared with those with BRAF V600E nonmutant tumors (P = 0.02). Adjusted
multivariate analyses because of the higher frequency of BRAF V600E mutation among
PXA patients in comparison with PXA-AF patients could not be performed.
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Table 1
Clinical features.
Clinical features <18years  >18years All
Total number of cases 31 (42%) 43 (58%) 74
Male, n (%) 13 (42%) 27 (63%) 40 (54%)
Age at diagnosis (years), median (range) 14 (5-18)  35(19-73) 21.5(5-73)
Location, n (%)

Supratentorial 31 (100%) 41 (95.4%) 72 (97%)
Temporal lobe 9(29.1%) 17(39.4%) 26 (35%)
>1 lobe, including temporal 3(9.6%) 3 (7%) 6 (8%)
Other 19(61.3)  21(49%) 40 (51%)

Infratentorial 0 2 (4.6%) 2 (3%)

Radiology, n (%)

Contrast enhancement — — —
Present 25(93%)  34(94%) 59 (94%)
Absent 2 (7%) 2 (6%) 4 (6%)
Unknown 4 7 11

Cystic changes — — —
Present 12 (44%)  13(35%) 25 (39%)
Absent 15 (56%) 24 (65%) 39 (61%)
Unknown 4 6 10

Presenting symptoms, n (%)

Seizures only 16 (57.1%) 21 (51.2%) 37 (54%)

>1 symptom, including seizures 2 (7.2%) 5 (12%) 7 (10%)

Other 10 (35.7%) 15 (36.8%) 25 (36%)

Unknown 3 2 5

Extent of surgery, n (%)

Gross total resection (GTR) 18 (60%) 22 (55%) 40 (57%)

Subtotal resection (STR) 11 (37%) 18 (45%) 29 (41%)

Biopsy only (BX) 1 (3%) 0 (0%) 1 (1%)

Unknown 1 3 4
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Histological features of anaplasia (PXA-AF).

Table 2

All

At first diagnosis

At recurrence

Total number of PXA-AF cases 33

MIzMI =5 8
MI=N 2
MI=2MI=5+N 13
MI2MI=25+N+EP 8
SlideSlides unavailable 2

23

N OO o N O

10

3
0
5
2
0

EP = endothelial proliferation; MI = mitotic index; N = necrosis; PXA-AF = pleomorphic xanthoastrocytoma with anaplastic features.
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BRAF VV600E mutation status.

BRAF V600E mutation First diagnosis
PXA (n=51) PXA-AF (n=23)
Final status
Mutant 30 (73.2%) 9 (47.4%)
Nonmutant 10 (24.4%) 10 (52.6%)
Indeterminate 1(2.4%) 0
NA 10 4
By immunohistochemistry
Positive 30 (73.2%) 9 (47.4%)
Negative 10 (24.4%) 6 (31.6%)
Indeterminate 1(2.4%) 4 (21.1%)
NA 10 4
By molecular genetics
Mutant 18 (69.2%) 6 (46.2%)
Nonmutant 8 (30.8%) 7 (53.8%)
NA 25 10
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Table 4

Additional therapy and follow-up.

First diagnosis

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

PXA (n=51) PXA-AF (n = 23)
Postoperative therapy, n (%) — — —

Any type 17 (33.3%) 18 (78.3%) —

Radiotherapy (RT) only 5 (9.8%) 3 (13.0%) —

Radiosurgery (RS) only 1(2.0%) 0 —

Chemotherapy +/- RT/RS 11 (21.6%) 14 (60.9%) —

RT +RS 0 1 (4.3%) —
Median follow-up, years (range) 11.2 (0.6-31.9) 4.0 (0.1-22.9) —
Recurrence, n 21 11 —
Qutcome, n — — —

Alive 20 6 (0.1-25.4 years)”

Alive with disease 7 3 (0.8-20.0 years)"

Died 2 2 (4.0-20.5 years)”

Died of disease 6 8 (0.8-27.7 years)”

No evidence of disease 16 4

5-year survival % (95% CI)
Recurrence-free

Overall

70.9% (58.0-83.8)
90.4% (81.5-99.4)

48.9% (26.5-71.3)
57.1% (34.2-80.0)

(0.6-31.9 years)*

P =0.092
P =0.0003

*
Total available follow-up.

PXA = pleomorphic xanthoastrocytoma; PXA-AF = pleomorphic xanthoastrocytoma with anaplastic features.
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Table 5

Analysis of “early event” (recurrence or death within < 3 years from diagnosis) vs. no early event among those
with at least 5 years of follow-up available.

“Early event” (n=21) No “earlyevent” (n=35) P-value

First diagnosis — — 0.008
PXA 10 (47.6%) 29 (82.9%) —
PX-AF 11 (52.4%) 6 (17.1%) —

Gender — — 0.78
Female 8 (38.1%) 16 (45.7%) —
Male 13 (61.9%) 19 (54.3%) —

Age — — 0.26
Pediatric (<18) 6 (28.6%) 16 (45.7%) —
Adult (>18) 15 (71.4%) 19 (54.3%) —

Surgery type — — 0.004
N/A 2 1 —
Gross total resection (GTR) 5 (26.3%) 24 (70.6%) —
Subtotal resection (STR)/biopsy only (BX) 14 (73.7%) 10 (29.4%) —

Mitotic index (MI) — —_ 0.02
N/A 3 4 —
MI < 5/10HPF 9 (50.0%) 26 (83.9%) —
MI = 5/10 HPF 9 (50.0%) 5 (16.1%) —

BRAF V600E mutation status — — 0.07
N/A 3 11 —
Nonmutant 7 (38.9%) 3 (12.5%) —
Mutant 11 (61.1%) 21 (87.5%) —

Radiotherapy — — 0.003
No 9 (42.9%) 29 (82.9%) —
Yes 12 (57.1%) 6 (17.1%) —

Chemotherapy — — 0.005
No 8 (38.1%) 27 (77.1%) —
Yes 13 (61.9%) 8 (22.9%) —

*
Defined as presence of recurrence or death of disease within first 3 years of diagnosis.

MI = mitotic index; N/A = not available; PXA = pleomorphic xanthoastrocytoma; PXA-AF = pleomorphic xanthoastrocytoma with anaplastic
features.
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