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Abstract

Introduction: Pleomorphic xanthoastrocytoma (PXA) is a uniquainmgocerebral glioma with
relatively favorable prognosis. PXA also possegarant with anaplastic features (aPXA) that is
associated with poor outcomes. To date, few studhigs examined the clinico-pathologic
importance of these anaplastic features.

Methods: From 1999 to 2012, 8 patients with aPXA were treéatethe University of California,
San Francisco. Cases were re-confirmed by neurologiyy and clinical information regarding
patient demographics, tumor characteristics, agatrment outcomes were assembled. Tumors
were classified as aPXA according to the WHO diatjocriteria established in 2007.

Results: There were 5 female and 3 male patients in ouortpranging in age from 4 to 74
years at initial diagnosis. Seizure was the mostrnon presenting symptom (44%), and the
majority of tumors arose in the frontal or tempdodles (89%). Six patients received subtotal
resection (STR), and all suffered from progressiespite adjuvant radiotherapy and
chemotherapy. Median time to progression was 20thsomith a 1 year progression-free
survival rate of 57%. Three aPXA patients expiretth\a median survival of 87 months. Four
patients developed disseminated disease. Threé38P8) showed BRA® mutation.
Conclusion: aPXA is associated with poorer clinical outcomespared to PXA. Gross total
resection should be the goal of initial treatméntemains unclear whether adjuvant radiation
and chemotherapy are able to prevent progressidiseemination. Long-term monitoring of all
patients is a critical step in management duedgtitential for tumors to transform into higher

grade lesions.
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Introduction

Pleomorphic xanthoastrocytoma (PXA) was first idfiesd in 1979 by Kepes and
colleagues as a unique meningocerebral astrocytatha relatively favorable prognosis
despite its malignant pathologic featutéomposed of spindle cells and multi-nucleatedtgian
cells, PXAs were also noted to contain large Ighidplets and abundant reticulin fibers that
made them resemble fibrous xanthorh&sibsequent immunohistochemical staining with glial
fibrillary acidic protein made it possible to idéptastrocytic components within the tumors and
corroborated their standing as a unigue neoplasth,tihe World Health Organization (WHO)
officially recognizing PXA as a distinct centralraeus system (CNS) tumor in 1993.

Though clinically indolent, PXA can undergo transf@ation into a true malignant
glioma;' with progression rates between 10-38% occurringtasas 15 years after initial
diagnosis® This observation has underscored the importanpeimiary therapeutic
interventions that minimize tumor recurrence andim&e overall survival (OS). Extent of
resection (EOR) has been identified as an impodaterminant of O8? while the utility of
adjuvant radiation remains unclear, with most mitsll accounts consisting of case rep8its.
Kepeset al.initially speculated that tumor features suchaa of necrosis, cystic composition,
superficial cortical anatomy, and lymphocytic itrite were responsible for the favorable
prognosis, and a number of subsequent studies have largktiated this hypothesis, including
a series of 71 patients in which OS rates were 81%6years and 70% at 10 yeArs.

In 2007, the WHO re-classified PXA as a gradeithor that can also be found “with
anaplastic features” (aPXAJ.These latter cases demonstrate variable levele@bsis and/or
>5 mitoses per high power field (hpf). These featwe not only important diagnostic criteria,

but also appear to hold prognostic value: mitatitex was found to be independently associated
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with survival outcome$while necrosis appeared to be significantly asgediwith earlier
mortality in one seri€sut not in anothef. Nevertheless, PXA and aPXA are both regarded as
grade Il neoplasms despite little understandingpefimpact of their pathological differences on
clinical outcomes.

With few exceptions, aPXA has not been studiechas@ependent entity. In an effort to
improve understanding of how pathological featunéisence outcomes for aPXA, we present
our institutional experience in the management aPZA patients seen at the University of

California, San Francisco (UCSF) from 1999-2012.

M ethods
Patient Population and Data Collection

All consenting patients evaluated by the Departnoéiteurological Surgery at UCSF
have had their names and pathological diagnoséscted and recorded in an IRB-approved
program since 1991 (Committee for Human ResearetR[}8 H7828-29842-01). We obtained
further permission to study patients with aPXA (GHR41995-35010-01).

Patient records were reviewed to extract data omogeaphics, presentation and
symptomatology, histopathologic features, treatmeodality, morbidity and mortality, and
follow-up. Extent of resection was determined basedeview of pre- and post-operative scans,
or through review of radiographic and clinic follayp information if original scans were not
available for review. Mortality data was confirmesing the social security death index, and all
cases of recurrence and intracranial disseminatene documented radiographically. Length of
progression-free survival (PFS) was defined agithe between initial treatment for aPXA and

the most recent imaging study demonstrating radjggc absence or recurrence of tumor.



109 Length of OS was defined as the time between iratafirmatory diagnosis of aPXA and date
110 of death or last known date of follow-up.

111 All patient information was compiled into a sindltcrosoft] Excel database. Patient
112 data was analyzed by gender, age, race, lengthraf/al, and mortality. Tumor data was

113 analyzed by size, location, recurrence, metastast pathological features including mitotic
114 index and necrosis. Treatment data was analyzeddoality including EOR, use of adjuvant
115 radiotherapy, use of Gamma Kriiferadiosurgery, and the amount of radiation received

116 Patients were excluded if their original pathol@fjges were unavailable for re-

117 confirmation of diagnosis, or if they lacked contprasive clinical information including

118 presenting symptoms, tumor characteristics, treatmmedality, disease recurrence, and dates of
119 follow-up.

120 Pathologic Determination of Grade

121 Histopathological diagnosis of aPXA was indepenigesanfirmed by 3 senior

122 neuropathologists (AP, AB, TT). Tumors were classlifspecifically as aPXA only upon

123 agreement of 2 of 3 senior neuropathologists, atibiguous cases excluded from our series to
124  preclude the possibility of including misidentifisgimors. Of ten patients initially identified with
125 possible aPXA, 2 patients were excluded due torntgiogy over final diagnosis. Tumors were
126 identified as aPXA if they demonstrated nuclear eytdplasmic pleomorphism, xanthomatous
127 astrocytic cells, multi-nucleated giant cells, anghificant mitotic activity, defined as 5 or more
128 mitoses per 10 hpf, and/or the presence of necrosis

129

130 Results
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Patient Population and Tumor Characteristics

The UCSF Department of Neurosurgery managed 8rativith aPXA from 1999-2012
(Table 1). There was a female predominance in oo, with 5 female and 3 male patients.
Our patients ranged in age from 4 to 74 yearsra tf diagnosis, with median and mean ages of
22 and 28, respectively. Tumor volumes averagech&1with a diameter ranging from 0.9 cm
to 6.3cm. The most common presenting symptoms seireire (50%) and headaches (25%).
The great majority of aPXAs arose from the cerebeahispheres, including the frontal (38%)
and temporal (50%) lobes, with one tumor arisintha posterior fossa (13%). Two tumors
(25%) were located in eloquent cortex, including lgft supplementary motor area and the left
frontotemporal lobes
Histopathology

The histopathologic characteristics of our pat@atiort are summarized in Table 1 and
depicted in Figure 1. By definition, all aPXAs demstrated the presence of mitoses or necrosis,
with 5 of 8 (63%) showing evidence of both. FivexaB (63%) additionally showed evidence of
vascular proliferation. Three of 8 (38%) were BRAE® positive.

Of the patients with aPXA tumors, 3 had initigbgen diagnosed as primary PXA but
underwent malignant transformation during theiatmeent course and were reclassified as
secondary aPXA. Additionally, 2 patients first ciaged with aPXA showed evidence of
transformation into glioblastoma multiforme (GBM).
aPXA Treatment Strategies and Outcomes

Among the patients with aPXA, 6 received subtaéakction (STR), and 2 received gross
total resection (GTR). Four of the STR patientenesd adjuvant therapy: 3 received XRT with

chemotherapy, and 1 received chemotherapy alorgarBless of the initial treatment strategy or
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EOR, 7 of 8 patients suffered from recurrence ogpession of their aPXA, the sole exception
being a patient who has yet to receive a follonsagn after their initial resection and diagnosis.
Only 1 of 3 patients who underwent adjuvant XRT hadRI available to review for treatment
response, with no treatment response seen at 2impast-XRT. The median time until
recurrence or progression was 20 months, with agt-RFS rate of 57% (Figure 3).

Four patients went on to develop intracranialandpinal dissemination of their
disease. The 3 patients who expired all showecdeeckl of dissemination at the time of their
deaths. Overall follow-up times ranged from 1 mawtB.2 years, with a median survival of 87

months and a 1-year OS rate of 100% (Figure 2).

Discussion

Since its identification in 1979 by Kepesal, PXA remains a challenging tumor to
classify. Due to its intrinsically pleomorphic appance and variably indolent versus malignant
clinical course, identification and differentiatinom other low-grade gliomas are paramount to
planning an effective treatment strategy. Impofyamécent research has been increasingly
highlighting the manner in which anaplastic feasurender aPXA a markedly different
neoplastic process.

Similar to other published series, our patienih & median age of 22, tended to be
younger than those with high-grade glioma. Theg aledominately developed tumors in the
frontotemporal lobes, resulting in a majority ofipats presenting with seizures (50%). Our
experience, however, does also point to the fattaRXA is not simply a diagnosis of children

and young adults, as 4 of 8 (50%) patients wererdlthn 30. Additionally, while PXA is
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commonly considered a superficial supratentorialdr’ our experience with an elderly patient
who had a posterior fossa aPXA suggests that thesars can present in atypical locations.

There were several clinical trends among our patiehort. First, the majority of patients
suffered from tumor progression. Second, all aPéAgmts who received adjuvant therapy with
radiation and/or chemotherapy suffered from tumrogpession, suggesting these modalities
may not provide adequate treatment of the resituabr burden status-post STR. Third,
adjuvant therapy had no discernable effect on prtawg dissemination, as 3 of the 4 aPXA
patients who suffered brain and spinal disseminatimderwent prior radiation and/or
chemotherapy to supplement their initial surgery.

Given the rarity of aPXA tumors, reports in thterature are scarce and many are limited
in design to small case repotfs*?°As a result, current understanding of aPXA tuni®rs
incomplete. In one of the larger case series puddtison aPXA (33 patients), a multivariate
analysis by Ida and colleagues demonstrated that&ignificantly lower in the aPXA cohort
when compared to PXA. Tumors that had a mitotitein< 5/10 hpf or did not demonstrate
necrosis yielded better survival outcomes. Of gdgrthere were no differences in PFS between
aPXA and PXA® In another study by Gallet al, aPXA tumors were similarly found to predict
for poorer OS; however, unlike Ida al, they found an additional association with PES.
Schmidtet al. described their experience in treating 10 aPXAdignAlthough the 5-year OS
was less than 50%, their cohort did have 4 longv®urvivors ranging between 7.5-11.9 yers.

Optimum treatment stratgies for aPXA are also rat-described. In an attempt to
address predictors of outcome, ®¥lal performed a systematic review of the literatuneboth
PXA and aPXA patients. Their analysis revealed @GiBRR was better than STR in prolonging

PFS - but not OS — in PXA patients. However, theyaanable to draw substantial conclusions
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from the literature about outcome predictors ameR¥A patients- Thus, the role of EOR
remains controversial.

In our series, of the 2 aPXA patients who underv&hiR, one suffered from recurrence.
The remaining 6 patients with STR suffered fromgoession. Nevertheless, given the small
sample size of our study, it is difficult to derigenclusions on whether GTR offers patients the
best means of tumor control. Similarly, the utilitiyadjuvant therapy remains questionable: of
the 4 patients who received postoperative XRT enuttherapy, only 50% were alive by the end
of the study. This observation is further streng#teby the finding that adjuvant therapies were
completely ineffective in preventing residual tunfirmm progressing in patients who underwent
STR. As such, unless the risk of morbidity is uregtably high, we would thus advocate for
aggressive EOR especially in cases where frozemoipérative pathology is concerning for
aPXA. Given that current therapies appear inadedoatpreventing dissemination, reduction of
initial tumor burden may also have prohibitive etfeon future development of tumor spread
throughout the CNS, though this remains speculai@hwould benefit from further study.

Examination of treatment strategies and clinicalrses for aPXA patients suggests that
the presence or absence of anaplastic features smply a pathologic distinction, but a feature
that results in divergent patient outcomes. Insmiies, poor clinical outcomes were associated
with aPXA. About 50% of our aPXA patients showedlence of tumor dissemination, with 4
patients suffering leptomeningeal, intraparenchyrmadl spinal drop metastases. In one of the
few other studies stratifying clinical outcomesdzasn PXA and aPXA pathology, Vu and
colleagues reported aPXA recurrence-free survi’/&B& and OS of 82.3% at 1 year, with
recurrence-free survival of 33% and OS of 50% wedrs>> For PXA, they report a 5-year

survival rate of 81-86%, and a recurrence-freeisalvate of 49-72%:223Other studies
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examining the significance of anaplastic featurepatient outcomes additionally note their
association with poor prognosis. Tumor mitosesrautosis have each been associated with
worsened 08,2*3*and mitotic activity has been associated withielarécurrence and poorer
survival even when accounting for EORn one such study, 9 of 15 deaths were note@to b
associated with the presence of histological néxfos

The potential for PXA to transform into a higheade tumor underscores the importance
of interval follow-up for patients. Three of theBXAs transformed from an initial diagnosis of
PXA, in one case even after the patient receivedpgarent GTR, and 2 aPXA patients
demonstrated tumor transformation into GBM. Sudesaaise doubts about the concept of
PXA as a largely static and indolent tumor withdeable prognosis. Despite the presence of
patients who live decades after their initial diagjs, the uniformly fatal nature of high-grade
gliomas necessitates that patients undergo comtiolir@cal and radiographic monitoring. In
particular, for any patient suffering tumor recumge or growth, suspicion should remain high for
malignant transformation and/or progression. Repesstction should always be followed by
close pathological examination of tumor tissuedoestain the presence or absence of anaplastic
features, with comparison to previously obtainezpby specimens when available.

y81011.363%¢forts are

Given the unclear role for adjuvant radiation ahdmotherap
increasingly underway to understand the unique tiaogy of PXA, including a greater
emphasis on molecular markers. Despite sharing@ocgtic background, it appears that PXA
and aPXA do not frequently possess MGMT methylatieading one group of investigators to
raise doubts about the benefits of temozolomidenciieerapy for PXA. Other scattered case
reports note some success with chemotherapy wibopkatin and vincristine for 2 patients with

aPXA3"* Larger series have been unable to determine aifaley, for chemotherapy*>*

10
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Further study of cancer markers have validatedithgue genetic background of PXA. In
several analyses of the presence of TP53 mutatomg 6% of all cases (7 of 123) were found
to be positive for the mutation, and amplificiasoof EGFR MDM2, andCDK4 also appear to

be absent*? Interestingly, BRAF®*F

appears to be a common mutation among PXA, with
several groups suggesting it be used as a molemutbdiagnostic marker for PXA given its
frequency of ~60% of the tumors studied and absembkigh grade glioma and meningeal
tumors?**° The mutation has been shown to promote cell gmaltfon, differentiation, and
survival via the RAS/RAF/MEK/ERK kinase pathw#@yWe examined the mutation among our
aPXA population and found a slightly lower prevalamf 38%. Given the availability of agents
that target BRAF such as PLX-4032 and HSP90 intiibjtaPXAs may be candidates for such
biologic therapy, offering an important new treatrtnmodality, particularly in lesions
unamenable to further surgery or unresponsivedmtiaerapy and/or chemotherapy.
Study Strengths and Limitations

Our study contains only 8 patients and is retragpecthus precluding meaningful
multivariate analysis and may contain selectios.biddditionally, the variable length of follow-
up data make it difficult to draw conclusions orstieeatment strategies and outcomes,
underscoring the importance of multi-institutioeéforts to publish data on this rare tumor.
Furthermore, our BRAfF prevalence may underestimate the true rate giveneasing

awareness and nonuniform testing for this altematicaPXA. Finally, our clinical and tumor

information was limited by only half our cohort liag available data on tumor size.

11
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Conclusion

Accurate initial diagnosis of aPXA — often wittethelp of multiple experienced
neuropathologists — is a critical step in the impatation of aggressive and proactive
management strategies. Subtotally resected turaodsto recur, and adjuvant therapies such as
radiation and chemotherapy currently have uncleasrin the prevention of tumor progression
or dissemination. Regardless of treatment strat@ggplastic features are a poor prognostic
marker, and call into question the inclusion of &3¢ a grade 2 lesion given the much poorer
outcomes of aPXA patients. Long-term monitoringlbfpatients with PXA and aPXA is a
critical step in patient treatment due to the ptiééfor tumors to transform into higher grade
lesions with uniformly fatal prognosis. Identificat and therapeutic manipulation of molecular
markers such as BRAF may provide an important s in the development of new treatment

strategies for patients with PXA and aPXA.
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Figure 1. Histological Featuresof Typical and Anaplastic PXA. A) Low-power magnification
demonstrating solid tumor with pleomorphic nuctanple cytoplasm and glial phenotype. Focal
perivascular inflammatory infiltrates can also bersas in other glioneuronal tumors (original
magnification x100). B) High-power magnification gifint, multi-nucleated pleomorphic cells
with xanthomatous cytoplasm and large irregulaideiwith inclusions (original magnification
X400). C) High-power magnification of eosinophigicanular body, typical feature of PXAs
(original magnification X400). D) Medium-power mafication of reticulin staining
demonstrating a rich reticulin network investedusua individual and clusters of tumor cells
(original magnification X200). E) Anaplastic histgical features in some PXA is evidenced as
necrosis in some examples in the absence of peatrment (original magnification X200). F)
Some anaplastic examples also demonstrate markbdatd cell phenotype and abundant

mitotic figures (original magnification X400).

Figure2. Overall Survival for Patientswith aPXA

Figure 3. Progression-Free Survival for Patientswith aPXA
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Table 1. Clinical Characteristics, Diagnoses, and Treatment Outcomes for aPXA

Vascular Malignant CNS
Age/Gender L ocation Symptoms Mitoses | Necrosis | Proliferation | EOR | Adjuvant | Progression | Transformation | Dissemination | Outcome
XRT,
26/M Tempord Headache, Seizure 1 2 1 STR Chemo Yes aPXA into GBM IC Expired
XRT,

17/M Frontal Headache 1 1 0 STR Chemo Yes aPXA into GBM IC Expired
4/F Tempord Seizure 1 1 1 STR Chemo Yes None IC and Spina Alive
4/F Fronta Hemorrhage 1 1 1 STR - Yes PXA into aPXA | ICand Spina Expired
9/F Tempord Seizure 1 0 1 STR - Yes PXA into aPXA None Alive
38/F Frontal Seizure 1 2 0 GTR - Yes PXA into aPXA None Alive
T4/F Posterior Fossa | Dizziness/Ataxia 1 0 1 GTR - No None None Alive

XRT,
54/M Tempord Vision Loss 0 1 0 STR Chemo Yes None None Alive

Abbreviations: aPXA - Pleomorphic Xanthoastrocytoma with Anaplastic Features; EOR - Extent of Resection; CNS- Central Nervous

System; F - Female; M - Mae; STR - Subtotal Resection; GTR - Gross Total Resection; XRT - Fractionated Radiotherapy; Chemo -

chemotherapy; IC - Intracranial
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. aPXA isassociated with worse clinical outcomes when compared to PXA tumors

. Surgical resection, with GTR when possible, provides the mainstay of treatment for this
disease, while the role of adjuvant chemoradiation still remains unclear.

Patients with PXA tumors must be monitored for extended periods of time due to the fact

that these tumors can undergo malignant transformation.



Abbreviations. pleomorphic xanthoastrocytoma (PXA); anaplastic pleomorphic
xanthoastrocytoma (aPXA); World Health Organization (WHO); central nervous system (CNS);
overall surviva (0S); high power field (hpf); University of California, San Francisco (UCSF);
committee for human research (CHR); progression-free survival (PFS); glioblastoma multiforme

(GBM); subtotal resection (STR); gross total resection (GTR);





