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Abstract
Background Few data are available on temozolomiti&Z() in ependymomas.

We investigated the response, survival, and cdioelavith MGMT promoter methylation in a
cohort of patients with adult intracranial ependymaoreceiving TMZ as salvage therapy after
failure of surgery and radiotherapy.

Patients and Methods We retrieved clinical infoiiorafrom the institutional database and follow-
up visits, and response to TMZ on MRI was evaluaiambrding to the MacDonald criteria.

Results Eighteen patients (median age, 42 y), either WHO grade 11l (10) or grade Il (8)
ependymoma were evaluable. Tumor location at disignwas supratentorial in 11 patients and
infratentorial in 7. Progression before TMZ wasdbm 11 patients, local and spinal in 6 patients,
and spinal only in one patient. A median of 8 cyadé TMZ (1-24) was administered. Response to
TMZ consisted of complete response (CR) in one (p&tjent, partial response (PR) in 3 (17%)
patients, stable disease (SD) in 7 (39%) patiemtd, progressive disease (PD) in 7 (39%) patients.
Maximum response occurred after 3, 10, 14, and ydes, respectively, with neurological
improvement in 2 patients. All 4 responding pasentre chemotherapy naive. Both anaplastic (2)
and grade Il (2) tumors responded. Median progoessee survival and overall survival were 9.69
months (95% CI, 3.22-30.98) and 30.55 months (99%1€.85-52.17), respectively. MGMT
methylation was available in 11 patients and wascooelated with response or outcome.

Conclusion TMZ has a role in recurrent chemo-naighelt patients with intracranial ependymoma,
regardless of tumor grade and MGMT methylation. $Mggest that, after failure of surgery and
radiotherapy, TMZ should be considered as a passibist-line treatment for recurrent
ependymoma.
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Intracranial ependymomas are most common in childred rarely arise in aduftsAbout 60% of
ependymomas are infratentorial, 40% are suprat@htand up to 30% are anaplastic (WHO grade
lll). Regarding treatment strategies for adult antanial ependymomas, there is a lack of
prospective or randomized studies. Few retrospectieries are available, and those that are
available include a limited number of patients @pdn several decades during which diagnostic
and therapeutic modalities have changed. To da&pptimal management of grades Il and Il
ependymomas includes maximal safe resection, nftee followed by limited field radiotherag.

* Conversely, no role for adjuvant chemotherapy basn demonstrated so far. A significant
proportion of intracranial ependymomas will rectire dominant pattern of recurrence is at the
primary site, and between 10% and 30% (more comynamiaplastic tumors) will develop
cerebrospinal fluid spread.5 Recurrent ependymoaras managed by reoperation whenever
feasible®® reirradiation with increasing use of stereotactiadiotherapy,® and salvage
chemotherapy® 2

A variety of chemotherapeutic drugs and regimenthde platinum based or not) have been
employed, but none of them has clearly emergedipar®r over the others. Temozolomide (TMZ)
may have a role; small serffr case descriptioffs*® have reported some responses in both
intracranial and spinal ependymomas. However, tlhenber of patients with intracranial
ependymomas who have received TMZ so far is limitddreover, there are few data on the
correlations between response to TMZ and MGMT prmmethylation, which is known to be a
major determinant of response/resistance in glgiblaas.19

The objective of this study was to investigate padterns of response and outcome and the
correlations with MGMT promoter methylation in ahoot of patients with adult recurrent
intracranial ependymomas who received TMZ as salwigmotherapy.

Patients and M ethods
Patient Selection and Data Collection

We retrospectively studied all adult patients wetkurrent intracranial ependymoma who received
TMZ as part of their multimodality treatment betweE999 and 2011 at the Department of Neuro-
Oncology of the University Hospital in Turin, ItalyData pertaining to patient demographics,
neurological symptoms, therapeutic managementoat@bme were retrieved from the database as
well as from clinical notes taken during follow-wisits. The patients who met the following
criteria were included into the study: (i) histalkagly verified intracranial World Health
Organization (WHO) grades Il and Il (anaplastippedymomas; (ii) recurrence after surgery and
radiotherapy; (iii) measurable enhancing lesionMiRI of at least 1 cm diameter at baseline; (iv)
availability of MRI scans before and after chemadipg (every 2 or 3 cycles) for review; (v)
Karnofsky performance score60; (vi) age>18 years. Exclusion criteria were as follows: (i)
patients with subependymoma or ependymoblastomdiiqupatients with spinal ependymoma. All
pathology slides were reexamined by one of thearst{P.C.) at the time of the study. The Local
Institutional Review Board approved the study.



Treatment Regimen and Evaluation of Response

TMZ was administered at a dose of 150-200 mg/m2aayglays 1-5. A concurrent medication
with antiepileptic drugs and/or steroids to contelzures and neurological symptoms and signs
was allowed. Treatment with TMZ was repeated ev@8ydays, provided that all hematologic
toxicities from the previous cycles had resolveggoade 2, and all nonhematologic toxicities had
recovered to<grade 1. If recovery had not occurred by day 28,dhbsequent cycle of TMZ was
delayed until the criteria were met. All toxicitiegere rated according to the National Cancer
Institute (NCI) Common Toxicities Criteria (versidh0). TMZ dose was reduced by 25% in
patients with>3 grade toxicity, and only a single dose reductwas allowed. Patients with
persisting grade 3 toxicity after one dose reductiograde 4 toxicity discontinued TMZ.

Response of tumor on MRI was evaluated accordingheo MacDonald criterfd (complete
response [CR], partial response [PR], stable des¢&®], progressive disease [PD]) based on
changes in tumor size defined as the product of2tHargest perpendicular diameters on T1-
weighted images with contrast medium. MRI image®ieeand after TMZ were reviewed by an
investigator (R.S.) blind to patient responses@uidomes.

MGMT Promoter Methylation Assessment

Genomic DNA was isolated from paraffin sectionstomor tissue, denaturated with sodium
hydroxide in a volume of 35 microliters, and subgelcto bisulfite treatment in a volume of 350
microliters for 5 hours at 55°C and then purifigétie methylation-specific PCR was performed in a
2-step approach.

Statistical Analysis

The distribution of patients' characteristics wasnmarized using percentiles for continuous
variables and percentages and frequencies foraratabvariables.

Overall survival (OS) was defined as the time fritia date of TMZ start and the date of death or
last follow-up. Progression-free survival (PFS) wiaéined as the time from the date of TMZ start
and the date of progression (disease progressideath) or date of last follow-up.

We estimated survival functions using the Kaplanévienethod.

A Cox proportional hazard model was used to eseroaide and adjusted hazard ratios (HRs) and
95% confidence intervals (95% ClIs) for a set ofeptial, predefined risk factors for disease
progression and mortality. We included in the nvaltiate analysis only those variables known in
the literature as significant prognostic factorstiStical analyses were performed using Stata 11.2
(StataCorp LP).

Results

Patient Characteristics and I nitial Treatments



Eighteen of 20 patients were evaluable accordinghto inclusion criteria. Two patients were
excluded because clinical and/or MRI informatiorswacomplete. Patient characteristics and initial
treatments are reported in Table 1. Twelve (67%epts were males, and 6 (33%) were females,
with a median age of 42 years (range 18-61y). B&96) patients had a grade Ill (anaplastic)
ependymoma, whereas 8 (44%) had a grade Il ependgmbumor location at initial surgery was
supratentorial in 11 (61%) patients and infrataaton 7 (39%). The extent of initial surgery, bdse
either on CT or MRI with contrast medium within fA@urs, consisted of gross total resection in 8
(44.5%) patients, subtotal/partial resection in 481.%%), and biopsy in 2 (11%). Adjuvant
conformal radiotherapy with total doses of 50-60iGiractions of 1.8-2.0 Gy was delivered to all
patients with grade Ill ependymoma and to the 4epts with grade Il tumor who underwent
incomplete resection. None of the patients receadjdvant chemotherapy.

Treatments at prior relapses before the start oZ TWable 1) were heterogeneous and often
multiple over time. Seven patients underwent reafo@n due to either local intracranial progression
(6) or spinal progression alone (1). None of thigepiés received TMZ adjuvantly after reoperation,
and the time intervals between reoperation and starMZ ranged between 6 months and 2 years.
Ten patients, who had (5) or had not (5) receivedtipus irradiation were treated with
radiotherapy: 5 with conformal radiotherapy, 3 wsthreotactic radiotherapy, and 2 with
cyberknife). Three of 10 patients had a time iraébetween irradiation and start of TMZ of 3, 6,
and 24 months, respectively, and all had PD follgviMZ. Four patients with SD and one with
PR following TMZ had a time interval from last idiation ranging between 6 months and 5 years.
One patient with SD and one with PR following TMadha time interval from last irradiation of
one month and 3 months, respectively. Six out of3B8%) patients received chemotherapy with
cisplatin + VP-16 (2), PCV (2), BCNU (1), and cyghlmsphamide + VP16 + vincristine (1) and
displayed 4 SDs and 2 PDs. Twelve of 18 (67%) pttievere chemotherapy naive at the time of
TMZ treatment.

Response, Progression-free Survival, and Overalli&l Following Temozolomide

Patients’ characteristics, responses, and outcoeteed to TMZ treatment are reported in Table 2.
Type of progression on MRI before TMZ was locallibh (61%) patients, local and spinal in 6

(33%), and spinal alone in one (6%). Patients miteskat the time of tumor recurrence before TMZ
with the following symptoms and signs: headachpafents), seizures (4 patients), motor deficit (7
patients), gait ataxia (2 patients), and homonynt@mianopsia (one patient). Three patients were
asymptomatic. Patients' performance status usiagkérnofsky scale ranged between 60 and 90
(median, 70).

The median time to initiation of TMZ after initislurgery was 28 months (range, 6—156 mo). A
total of 170 cycles of TMZ were administered witmadian of 8 cycles per patient (range, 1-24).

Best response on MRI to TMZ was as follows: CR me of 18 (5%) patients (Fig. 1) and PR in 3
of 18 patients (17%) (Figs 1 and 2) with an overediponse rate of 22%; SD in 7 of 18 patients
(39%) and PD in 7 of 18 patients (39%). Maximunmpmse was observed after 3, 10, 14, and 15
cycles, respectively. Two out of 4 responding patielone CR and one PR) derived significant
neurological improvement. Among the 12 patients where chemotherapy naive, 4 (33%)
displayed a response (1 CR + 3 PR) to TMZ, whileenof the 6 patients who received prior
chemotherapy had a response (3 SDs and 3 PDs)oisesfp TMZ occurred in both grades Il (2)
and Il (2) tumors. MGMT status was available in afet4 responding patients (a PR), and was
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unmethylated among the 5 patients with SD. MGMT npoter was unmethylated in 3 and
methylated in 2, respectively. Among the 5 patiewthh PD, MGMT promoter was unmethylated
in 2 and methylated in 3, respectiveBll 4 responding patients had a local intracrarislure
before TMZ. Of the 6 patients with spinal progressalone (1) or associated with local intracranial
failure (5) before TMZ, 3 patients displayed a Rid 8 a SD.

Median PFS was 9.69 months (95% CI, 3.22-30.98) ranged between one month and 153
months (Fig. 3). PFS at 6, 12, and 18 months was766 (95% CI, 40.35-83.43), 50% (95% CI,
21.58-65.12), and 38.89% (95% ClI, 13.65-54.54paesvely. PFS at 5 and 10 years was 11.11%
(95% CI 1, 1.86-29.75). PFS of the patient with @& 153 months, while PFS of the 3 patients
with PR was 9, 60, and 113 months, respectivelye atient, who displayed a PR after 14 cycles
and was MGMT unmethylated, is still free of tumapgression at 113 months. PFS of the 7
patients with SD ranged between 6 and 56 monthsliGme18 mo). One patient with SD is still
free of tumor progression after 56 months. PF$ef patients with PD ranged between one and 5
months (median, 3 mo)ledian OS was 30.55 months (95% CI, 12.85-52.1@)ranged between

3 months and 161 months (Fig. 3). OS at 6, 12,1@whonths was 83.33% (95% ClI, 56.77-94.30),
77.78% (95% CI, 51.10-91.02), and 61.11% (95% 6133-79.21), respectively. OS at 5 and 10
years was 22.2% (95% CI, 6.91-42.88). The patietht @R is still alive after 161 months, while
among the patients with PR, 2 are still alive aérand 113 months, respectively, and one died
after 30 months. OS of the 7 patients with SD rdrigetween 11 and 120 months (median, 49 mo).
OS of the 7 patients with PD ranged between 3 @th8nths (median, 17 mo). All patients with
PD have died.

None of the clinicopathological factors (sex, dgstology, tumor location, type of initial surgery,
reoperation, Karnofsky score, MGMT promoter stataisgd timing of TMZ) were significantly
associated with response, PFS, or OS. The statistienparison in terms of PFS and OS between
patients who received TMZ at first- or second limas hampered by the fact that the number of
patients who received TMZ at second line was toalls(only 6 patients). It is clear that not all
patients receiving TMZ at second line had a unifgrbad outcome, as 3 of the 6 patients displayed
PFS following TMZ of at least 12 months. In ternfsQf, 4 of 6 patients who received TMZ at
second line survived more than 12 months compardd@ of the 12 patients who received TMZ
as first-line treatment.

Patterns of progression on MRI after failure of Thid not change, except for the patient with an
infratentorial tumor who displayed a CR following/Z. At failure after 153 months, this patient
displayed an intracranial leptomeningeal spreatiout local progression.

At failure following TMZ, 6 patients received suppee care only, while 10 received different

salvage treatments (Table 2). Five of 10 patiendetwent stereotactic radiotherapy only (2 SD
and one PD) or associated with chemotherapy (one @@ PD). Three patients received
chemotherapy alone, and 2 of them had stabilizatiin etoposide with or without cisplatin, and

one had a PD. Three patients underwent reoperatimhpne of them was also given carboplatin.



Toxicity

Toxicity was evaluated using the NCI Common Toyid@riteria (version 3.0). The following
TMZ-related toxicities were observed: leukopenid ipatients (grade | in one; grade Il in 3; grade
lll in 3); thrombocytopenia in 6 patients (graderlone; grade Il in 5). We did not observe any
case of febrile neutropenia or treatment-relatesttdelwo patients discontinued TMZ for grade 4
(one) and persistent grade Ill (one) myelotoxieaifter one and 5 cycles, respectively.

Discussion

The management of adult patients with recurremtianéinial ependymoma is challenging because
they often have an unpredictable course with mleltiplapses and eventual death in most cases.
Because of the rarity of the disease, there iuaipyeof available literature; however, despiteaek

of randomized clinical trials, there is a generahsensus on timing of the different treatment
options. Reoperation with attempted gross totakasn of the tumor should be considered first,
even if there is more than one site of recurréfieWhen a recurrent lesion is inoperable,
radiotherapy should be offered to both previousbpnirmadiated and irradiated patients. In these
latter cases, either stereotactic radiosurgeryconventional external beam radiotherapy can be
used’ depending on previous doses, fractionation, asdarse. All of these considerations apply
to our series.

Chemotherapy is reserved as a salvage treatmentpdtients failing reoperation and/or
reirradiation. To date, only two retrospective serhave been reported focusing on recurrent
intracranial ependymomas of the aduft? Another series has included pediatric patientssgmdal
tumors as well.10 Platinum-based regimens seem gftgetive than regimens without a platinum
agent in terms of response but not PFS or OS, Mkl TMZ in the standard schedule has been
reported in a retrospective stdtland a few case repotts'® (Table 3).The results of the present
series are comparable with those reported by Beaatlal1l1 in terms of response (PR + CR of 22%
vs 21.4%) and PFS (median 9.69 vs 9.9 months,mbiths 66.67% vs 71%, and at 12 months
50.00% vs 44.3%). The median OS of our series E3hénths) was somewhat lower than that of
40.7 months reported by Brandes et alll; howevBratOl2 months was similar (77.78% vs 73%).
Conversely, our results are significantly superawer those reported by Chamberlain and
Johnston13 with the same regimen of TMZ in termsesponse rate (22% vs 4%), median PFS
(9.69 vs 2 months), PFS 6 (66.7% vs. 2%), and @$%vs 3 months). Two facts could at least
partially explain this difference: all patients the series of Chamberlain and Johnston were
pretreated with cisplatin-based chemotherapy, whbiléo (12/18) patients in this series were
chemotherapy naive and thus received TMZ in addsanced phase of the disease (median time to
initiation of TMZ 28 vs 46 mo). Second, it is likethat the series of Chamberlain and Johnston
included patients with more aggressive diseasehim regard, supratentorial tumors that were
associated with a worse outcote “°represented 100% of their series compared with @11/4.8)
patients only in this series.

One patient in our series had a CR lasting 13 y#aespossibility of achieving CRs following TMZ
was previously suggested by 2 case descriptioriflahd one of these patients was in remission
for 10 years after completing the treatmt&ninterestingly, some responses to TMZ have been
reported in relapsed ependymoma of childhood ak?vel
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This study reports novel data. First, the respandeMZ can often be delayed. In 3 of 4 responding
patients, response started after 6 cycles and wasilative over time. Second, responses to TMZ
have been observed in chemotherapy-naive patietys laterestingly, we treated 7 patients who
had spinal metastases with TMZ; none of these mistiead a response on MRI, and we observed 3
SDs and 4 PDs. In this regard, it must be stredsdhe MRI evaluation of changes in tumor size
from leptomeningeal metastases following chemotheraither systemic or intrathecal, is difficult
and challenging,. This was recently reported byRA&O group in a position paper on neoplastic
meningitis from solid and hematologic tumé¥s.

It is well known that the methylation of the MGMEme promoter is predictive of response to TMZ
in glioblastoma¥?**? however, it is rarely methylated in pediatric eggmomas™ 3 and there is

a lack of information on the correlations betweeGMIT promoter methylation and response to
TMZ in both pediatric and adult patients. To oupwtedge, this is the first study that has analyzed
MGMT gene promoter status in a cohort of patienith wtracranial ependymomas of the adult,
who were homogenously treated and evaluated f@orsge and outcome following TMZ. Among
11 of 18 patients whose MGMT methylation status veasilable, we did not observe any
correlation with response and outcome. Interestirmie patient with PR and 2 patients with SD of
long duration were unmethylated. This suggests tti@atresponse to TMZ in ependymomas could
occur regardless of MGMT methylation status ancedepon other unknown biological factors.

There could be some concern about patients whorwede reirradiation before TMZ and whose
imaging changes (defined as response or SD) weleast partially attributable to the radiation
itself and not to TMZ chemotherapy. However, thisild be the case in only 2 patients only who
received radiotherapy shortly before TMZ (one moatid 3 months, respectively) and who
displayed SD and PR following TMZ.

We cannot exclude that prior chemotherapy couldehafluenced the likelihood of response to
subsequent TMZ. Of the 4 patients who had SD faligwthe chemotherapy prior to TMZ, 3 of
them displayed SD after TMZ as well. However, teeems unlikely because none of these 4
patients was switched to TMZ while showing the 9oreover, previous chemotherapy was
interrupted at different time points, and the in&tr between the interruption of previous
chemotherapy and relapse before the start of TMgead between 6 months and 2.5 years.

Several patients have survived an extensive tinber dhilure of TMZ. Salvage treatments, in
particular stereotactic radiotherapy and reopemaseem to have contributed to prolonged survival,
while the impact of chemotherapeutic drugs suchtaposide or cisplatin seems less important. In
this regard, it must be acknowledged that someepisticould have been treated with reirradiation
before receiving TMZ. Furthermore, an inherent ledb course of disease cannot be excluded in
some patients.

This study has several limitations. It is a retexgfve analysis, and the data were collected over a
relatively long time period. Moreover, the sampieesis too small to preclude any meaningful



statistical analysis. In this regard, PFS valuepatients who responded, had SD, or had PD,
respectively, are clearly different, but the nunshene too small to achieve statistical significance

Future prospective studies should explore the oblalternative regimens of TMZ and targeted
agents, alone or in combination. In this regarsinall retrospective study has suggested an activity
of bevacizumaB® and a phase 2 study by the CERN consortium ocdhebination of dose-dense
TMZ and lapatinib (a molecular agent targeting Ertaihd ERDb2), has concluded accrual, and the
preliminary results were presentéih November 2014 at the Annual Meeting of the 8tycior
Neuro-Oncology. Among 19 intracranial tumors, thedmn PFS and PFS at 6 and 12 months were
24 weeks, 43%, and 29% for supratentorial tumods2nweeks, 40%, and 20% for infratentorial
tumors, respectively. Preliminary gene expressinalysis correlated the response with higher
ErbB2 mRNA expression.

In conclusion, our study suggests that TMZ has la no recurrent chemotherapy-naive adult
patients with intracranial ependymoma, both in tohresponse and improved outcome. MGMT
methylation status does not seem to play a majerinoinfluencing response. Based on these data,
we suggest that TMZ should be considered in clinidals and/or daily clinical practice as a
possible first-line chemotherapy agent for adulithwecurrent intracranial ependymomas who
have failed reoperation and/or reirradiation.
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