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ABSTRACT: Objective: To determine the referral rate to radiation oncologist (RO), use of postoperative radiotherapy (PORT) and the
impact of a clinical practice guideline (CPG) on patients with atypical meningioma (AM). Methods: A retrospective review of meningioma
patients (n = 526) treated between 2003 and 2013 was undertaken. Patients’ characteristics, extent of surgical resection (EOR), RO referral,
PORT, date and treatment of first recurrence were collected for all patients >18 years with a new diagnosis of AM after surgical resection
(n=283). Progression free survival (PFS) and overall survival (OS) according to EOR were assessed by the Log-Rank test of Kaplan-Meier
survival. Results: Median age was 57 years. EOR was gross total (GTR) in 44 patients, subtotal (STR) in 36 patients and 3 patients had
unknown EOR. RO referral rate was 26.5% (n=22); 5 patients initially had GTR and 17 had STR. Only 7 patients received PORT. At a
median follow up time of 29 months, recurrences occurred in 28 patients, 4 had GTR, 21 had STR and 3 had an unknown EOR. With
PORT, 2 patients developed recurrence. 5-year PES was 62% after GTR and 33% after STR (P =0.002). 5-year OS was 92% after GTR and
83% after STR (P =0.45). Conclusion: In this cohort with AM, RO referral rate was low and was not influenced by the CPG. Use of PORT
was also low. Given the lack of conclusive evidence supporting PORT in such patients, a multidisciplinary approach, including RO
consultation, is needed to provide patients with optimal and individualised care.

RESUME: Méningiome atypique : tendances d’orientation et de traitement, et application des lignes directrices. Objectif: Le but de 1’étude était de
déterminer le taux d’orientation a un radio-oncologue (RO), I'utilisation de la radiothérapie postopératoire (RTPO) et I'impact d’une ligne directrice de
pratique clinique (LDPC) sur les patients atteints d’'un méningiome atypique (MA). Méthodologie: Nous avons procédé a une revue rétrospective des
dossiers des patients atteints d’un méningiome (n =526) traités entre 2003 et 2013. Nous avons recueilli les caractéristiques des patients, I’ampleur de la
résection chirurgicale (ARC), I’orientation vers un RO, la RTPO, la date et le traitement de la premiere récidive pour tous les patients de plus de 18 ans chez
qui un nouveau diagnostic de MA avait ét€ posé apres la résection chirurgicale (n=83). Nous avons évalué la survie sans progression (SSP) et la survie
globale (SG) selon I’ARC au moyen du test de Kaplan-Meier de 1’égalité des fonctions de survie. Résultats: 1.’age médian des patients était de 57 ans.
L’ARC était totale (RT) chez 44 patients, subtotale (RST) chez 36 patients et inconnue chez 3 patients. Le taux de référence a un RO était de 26,5% (n =22)
dont 5 patients qui avaient subi initialement une RT et 17 qui avaient subi une STR. Seulement 7 patients ont recu de la RTPO. Au cours d’un suivi médian
de 29 mois, 28 patients ont présenté une récidive dont 4 patients qui avaient subi une RT, 21 patients qui avaient subi une STR et 3 patients dont I’ ARC était
inconnue. Parmi les patients qui avaient recu de la RTPO, 2 patients ont présenté une récidive. La SSP a 5 ans était de 62% apres la RT et de 33% apres la
RST (p=0,002). La SG a5 ans était de 92% apres la RT et de 83% apres la RST (p = 0,45). Conclusion : Dans cette cohorte de patients atteints d’un MA, le
taux de référence 2 un RO était faible et n’était pas influencé par la LDPC. La RTPO était également peu utilisée. Etant donné le manque de données
concluantes a I’appui de la RTPO chez ces patients, une approche multidisciplinaire, incluant la consultation d’un RO, est nécessaire pour fournir a ces
patients des soins optimaux et individualisés.
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INTRODUCTION

Meningiomas are tumors of arachnoidal cap cell origin. They
account for approximately 20% of primary brain tumors with an
overall incidence of 1.8 and 3.4 per 100,000 for males and females,
respectively.! They are classified into three grades based on
pathological features predicting recurrence. Grade I tumors are
considered to be benign and grade III tumors are malignant, but
grade II, atypical meningioma (AM) behave variably. After the
WHO meningioma classification was updated in 2007, the incidence
of AM increased to about 20% of all meningiomas.> Atypical
meningioma is defined as mitotically active cells (>4 mitoses per
HPF) with three or more of the following: loss of lobular architecture
(sheeting), prominent nucleoli, increased cellularity, small cells with
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high nuclear to cytoplasmic ratio, foci of spontaneous necrosis,
or brain invasion. Chordoid and clear cell histologies are considered
AMs.* This definition has not been revised in the recent 2016 WHO
classification of tumors of central nervous system.’
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The postoperative management of benign and malignant
meningiomas are well defined; observation for the former and
post-operative radiation therapy (PORT) for the latter. However, the
post-resection management of patients with AM is heterogeneous.
Several studies have demonstrated inferior outcomes with subtotal
resection (STR) alone compared to when STR was followed by
PORT.*'* Some series have shown that adjuvant PORT improved
outcomes after gross total resection (GTR),%*""13 while others
showed no benefit from PORT after STR'*'> or GTR.”'*!>1¢
Some advocate for delayed radiotherapy or to only use PORT after a
second resection for recurrence in patients who initially had GTR."’
This approach aims to minimize the use of radiotherapy to reduce
the risk of toxicity among patients who may not develop recurrence.

In an attempt to standardise practice, the Alberta Provincial Central
Nervous System Tumour Team, which consists of neurosurgeons,
radiation and medical oncologists, neuropathologists, neurologists,
nurses, and pharmacists, developed an evidence-based clinical
practice guideline (CPG) for the management of meningomas in
November 2009 which was then updated in 2012.'® That guideline,
which was disseminated to all team members including neurosurgeons
via emails and at annual provincial meetings, was based on a
systematic literature review and in both 2009 and 2012, recommended
PORT for WHO grade II, consistent with other guidelines.'*® This
means that all patients with AM should have been referred to a
radiation oncologist (RO) for a PORT discussion. The objective of the
current study was to document population-based care and outcomes
for patients with AM and to determine whether CPG influenced RO
referral or the use of PORT in southern Alberta.

METHODS

This quality improvement study was conducted at the Tom Baker
Cancer Centre which has a catchment area including the entire
southern part of Alberta, Canada. All patients diagnosed with

intracranial meningioma and treated with maximum safe resection
at our centre between January 2003 and December 2013 were
identified using a local brain tumor database (n=2526). All patients
with a new diagnosis of intracranial AM and >18 years old were
included (n=83). Using the provincial electronic medical record,
demographic and tumor characteristics, extent of surgical resection
(EOR), PORT, date of first recurrence, and treatment of recurrence
were manually abstracted. The date of recurrence or progression
was the date of the first MRI showing new enhancement, or
increase in tumour size. In order to assess the influence of the CPG,
the patients were divided into two groups based on date of initial
surgery; pre- and post- January 2010 to correspond with availability
of the local CPG. Patients’ characteristics and RO referral rates were
analysed by these two groups. Progression free survival (PFS) and
overall survival (OS) according to EOR were assessed by the
Log-Rank test of Kaplan-Meier survival. The relationships between
the survival outcomes and variables of interest were evaluated
using a multivariate Cox regression model. This study was approved
prior to conduct, by the Alberta Privacy Office after using the
ARECCI Ethics Screening tool.”!

All financial and material support for the conduct of this study
were provided through operational funding by CancerControl
Alberta, Alberta Health Services.

RESULTS
Patient and tumor characteristics

Among 526 patients diagnosed with intracranial meningiomas
and surgically treated between January 2003 and December 2013,
there were 83 patients (16%) with intracranial AM and those
were included in the study. The median age at diagnosis of AM
was 57 years. Females represented 59% of the patients. Convexity
tumors were found in 70% of patients. Table 1 summarizes the
patient and tumor characteristics.

Table 1: Patients ‘and tumors’ characteristics and treatment

All patients Before 2010 After 2010 P-Value

Median age 57 (27-89) 59 (27-88) 56 (36-89) 0.48*
Gender 0.187F

Male 34 12 22

Female 49 25 24
Tumor location 0.99¢

Convexity 58 27 31

Parasagittal 11 4 7

Olfactory groove 3 1 2

Skull base 4 2 2

Posterior fossa 4 2 2

Others 3 1 2
Extent of resection 0.10F

GTR 44 15 29

STR 36 20 16

Unknown 3 2 1

GTR: gross total resection, STR: subtotal resection
fP-values obtained from Fisher exact test
*P-values obtained from Wilcoxon test
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Table 2: Referral rates to Radiation Oncologists

All Patients Before 2010 After 2010 P-value
N=83 (%) N=37 (%) N =46 (%)
Overall referral 22(26.5) 11(29.7) 11(23.9) 0.62*
Referral after GTR 5(11.4) 3(20.0) 2(6.9) 0.18
Referral after STR 17(47.2) 8(40.0) 9(56.3) 0.1*

GTR: gross total resection, STR: subtotal resection.
*P-values obtained from Fisher exact test

Referral rate to radiation oncology

Only twenty-two patients (26.5%) were referred to RO after
initial surgery before any signs of radiological recurrence or pro-
gression; 5 patients after GTR and 17 after STR. The referral rate
to an RO at first recurrence or progression (based on MRI) was
64% (18/28). Table 2 summarises RO referral rates.

Referral rate according to pre- and post- guideline
development

Patients’ characteristics were similar between both groups.
Overall, there was no statistically significant difference in RO
referral rates between both groups (p= 0.62). Prior to the CPG
development, 11/37 (29.7%) patients received RO referral; 20%
(3/15) among patients with GTR and 40% (8/20) among patients
with STR patients and two patients were referred with unknown
EOR. After the development of the CPG, 11/46 (23.9%) patients
were referred to RO; 7% (2/29) among patients who had GTR and
56% (9/16) among patients with STR and one patient was referred
with unknown EOR, summarised in Table 2. The difference in
numbers of referred patients to an RO after initial GTR or STR
was statistically not significant between pre- and post- guideline
developments groups (p=0.1).

Treatments

All patients were initially treated with maximum safe surgical
resection. No patients had a biopsy alone. Forty-four patients had
GTR, 36 patients had STR and 3 patients had an unknown EOR.
Only 7 patients (8.4%) received PORT after the initial diagnosis of
AM and prior to recurrence or progression. Of these patients, one
had GTR and 6 had STR. The radiation therapy (RT) doses were
54 Gy, 55.8 Gy, and 60 Gy in 4, 1 and 2 patients, respectively.
All RT was delivered as 2 Gy per day, Monday to Friday.

Recurrences

The median follow up time was 29 months (range 4.3-
121 months). Overall, recurrence or progression was documented
in 28 patients (33.7%); 4/44 (9%) after GTR, 21/36 (58%) after
STR and among 3 patients with unknown EOR. Among patients
who received PORT after initial surgery, 2/7 (28.5%) patients had
recurrence or progression, both after STR plus PORT.

Survival

The 2-year PFS rates were 95% after GTR and 55% after STR
and the corresponding rates at 5 years were 52% vs. 33%,
respectively, (p=002). Median progression free survival was
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100 months after GTR and 33 months after STR. The 2-year
overall survival rates were 100% after GTR and 93% after STR
and the corresponding rates at 5 years were 92% vs. 83%,
respectively, (p =0.45).

Multivariate analysis

Based on Cox regression results, older age and STR were
associated with inferior PFS rate, while receiving RO referral was
statistically significant for better PFS. Table 3 summarises the
results of a multivariate analysis on PFS.

DISCUSSION

To the best of our knowledge, this is the first study to report
RO referral rates for patients with AM. We observed that overall
RO referral rate was low and did not increase following develop-
ment of a provincial tumor team consensus and a CPG recom-
mending that all patients with WHO grade II should have a
discussion with an RO regarding PORT '®. Even after recurrence,
only 62% of the patients were referred to an RO. The low RO
referral rates are not consistent with provincial, national and
international guidelines '**°. We attribute this low referral rate to
the inherent biases against PORT by the local neurosurgical team
as there has never been conclusive evidence for the benefit of
PORT. Even among patients who saw an RO in our current study,
only 32% of patients received PORT which may be one expla-
nation for the low rate by the neurosurgical team in Alberta.
Although Alberta provincial CPGs have been around since 2012,
they were never formally disseminated and knowledge of their
existence has been limited. Because of the lack of good evidence
for PORT, even the multidisciplinary tumour board did not
always follow these guidelines. Moreover, in the last couple of
years, a stronger emphasis has been placed on creating and
updating provincial cancer guidelines through the Guidelines
Resource Unit (GURU) in Alberta. Guidelines are far more
accessible on the Alberta Health Services website now and the

Table 3: Multivariate Analysis (PFS)

Variable P value HR
Extent of resection 0.001 5.28
Age 0.034 1.035
Gender (male vs female) 0.42 0.706
RO referral 0.02 0.302

RO: radiation Oncologist
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presence of the GURU team at every annual provincial tumour
meeting has helped create awareness of provincial CPGs. Multi-
pdisciplinary meetings are held inter-provincially throughout the
year to update these guidelines. It is anticipated that adherence to
these guidelines will improve and referral rates for AM patients
will increase. In a survey conducted among neurosurgeons in the
UK and Ireland, 80% indicated that they would not advocate
PORT for patients with AM after GTR and only 59% would
recommend it after STR.>> Most of the patients who received
PORT had an initial STR (6/7). In an analysis of SEER data for
patients with AM or malignant meningiomas from 1988-2007,
PORT was received by 37% of patients (244/657), consistent with
the use of PORT in the current series.”* In comparison, the rate of
PORT for AM was 18% after GTR and 74% after STR in a large,
German, multicenter, retrospective series.”*

The PFS and OS outcomes in the current study were consistent
with other institutional experiences. 11,25,26 However, we could not
determine the effect of PORT on outcomes of AM patients due to
the small number of patients who received that therapy. Two
recent meta-analyses have shown a benefit from PORT;*"?® in
terms of reducing tumor recurrence and improving local control,
but not survival, even after GTR;?® however, the concern about
the low statistical power of the included studies remains a
significant issue. Many retrospective series showed that PORT
was beneficial after STR ®'°, and some showed a benefit after
GTR,6’9’l 1-13 While some others did not show any benefit of PORT
after either STR'*' or GTR.”'%!516 I one large series, PORT
was associated with worse PES and OS.?® The authors attributed
these findings to the selection bias of referring patients with
more aggressive tumors (e.g. elevated Ki67 and brain invasion)
for PORT. Overall, the interpretation of the current literature is
challenging, given the small numbers of patients included in most
studies, their retrospective nature, and inclusion of malignant
meningioma. Consistent with published data, older age and STR
were associated with inferior outcomes in the current study.”->-!
The association between receiving RO referral and better
PFS might reflect a selection bias of referring patients with
better prognosis like younger patients or those who had better
performance status rather than a treatment effect.

The lack of phase III randomized controlled trials and the
conflicting data from the available retrospective studies, have
contributed to the diversity of AM treatments among centres and
physicians. The RTOG 0539 is a phase II trial that was closed to
accrual in 2009 and is expected to be published soon. All recruited
patients in the trial who had atypical meningioma received PORT
following either GTR (54Gy in 30 fractions) or STR (60Gy in
30 fractions). Since that trial was not randomized, it cannot
provide information on the efficacy of PORT for patients with
AM but can provide a benchmark for PFS and OS. The currently
open phase III tria, ROAM/EORTC 1308,% aims to recruit 172
patients after GTR to be randomized between observation or early
PORT. The primary endpoint is disease-free survival and the
estimated required follow up is 10 years.

Limitations of the current study include its retrospective nature
and the lack of complete data on prognostic factors including
histological subtypes, mitotic rates, Ki67, brain invasion
and sheeting architecture which were examined in other
studies.®”1%%3* These factors have not been used to select
patients for PORT in Alberta and should have not affected RO
referral rate or utilization of PORT.'® Another limitation is the
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lack of systematically recorded performance status. As all
of the included patients in this study had maximum safe surgical
resection, their initial performance status would presumably have
been sufficient to permit PORT; however, surgical complications
or clinical deterioration postoperatively, which were not assessed
in our study, could have made RO referral and/or PORT not
feasible. Furthermore, we used a time cut-off corresponding to the
year of CPG publication, perhaps it would take a bit more time
for physicians to be familiar with the provincially published
guidelines. The referral rate over the more recent years may
perhaps be improved.

Compliance with CPGs has been associated with better outcomes
in many tumor sites including head and neck,”> melanoma,®
sarcoma,>’ gastric,3 8 colon,** pancreas,41 and leukemia.*?
Generally, most of these CPGs were based on higher levels of
evidence than are available in AM. This could certainly influence the
pattern of practice in offering adjuvant PORT for patients with AM
but it couldn’t justify omitting an RO referral. While multidisciplinary
tumor board discussion can provide general treatment recommenda-
tions, ultimately, patients have the right to make an informed decision
about PORT after discussing the pros and cons during a visit
with an RO.

CONCLUSION

In Alberta, the RO referral rate (26.5%) and use of PORT (8%)
were low for patients with AM diagnosed during 2003 to 2013.
Even after the first recurrence, only 62% of patients were referred.
The development and web-publication of a CPG did not seem to
influence the RO referral rate or use of PORT. Given the lack of
conclusive evidence supporting using PORT in such patients,
a multidisciplinary approach, including RO consultation and
improved adherence to local CPGs, are needed to provide patients
with optimal and individualised care. Moreover, when more
data becomes available in the future, practice and/or guideline
recommendations may change.
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