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Abstract

Background. Three- and five-year progression-free survival (PFS) for low-risk meningioma managed with surgery
and observation reportedly exceeds 90%. Herewith we summarize outcomes for low-risk meningioma patients en-
rolled on NRG/RTOG 0539.

Methods. This phase |l trial allocated patients to one of three groups per World Health Organization grade, recur-
rence status, and resection extent. Low-risk patients had either gross total (GTR) or subtotal resection (STR) for
a newly diagnosed grade 1 meningioma and were observed after surgery. The primary endpoint was 3-year PFS.
Adverse events (AEs) were scored using CommonTerminology Criteria for Adverse Events (CTCAE) version 3.
Results. Among 60 evaluable patients, the median follow-up was 9.1 years.The 3-, 5-, and 10-year rates were 91.4%
(95% Cl, 84.2 to 98.6), 89.4% (95% Cl, 81.3 to 97.5), 85.0% (95% ClI, 75.3 to 94.7) for PFS and 98.3% (95% ClI, 94.9 to
100), 98.3%, (95% Cl, 94.9 to 100), 93.8% (95% Cl, 87.0 to 100) for overall survival (OS), respectively. With centrally
confirmed GTR, 3/5/10y PFS and OS rates were 94.3/94.3/87.6% and 97.1/97.1/90.4%. With STR, 3/5/10y PFS rates
were 83.1/72.7/72.7% and 10y OS 100%. Five patients reported one grade 3, four grade 2, and five grade 1 AEs.
There were no grade 4 or 5 AEs.

Conclusions. These results prospectively validate high PFS and OS for low-risk meningioma managed surgically
but raise questions regarding optimal management following STR, a subcohort that could potentially benefit from
adjuvant therapy.

© The Author(s) 2022. Published by Oxford University Press on behalf of the Society for Neuro-Oncology. All rights reserved.
For permissions, please e-mail: journals.permissions@oup.com
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1. Surgery results in favorable outcomes for patients with newly diagnosed WHO
grade 1 meningioma, with 5-year PFS 89.4% (95% Cl: 81.3 to 97.5), and 94.3% (95%
Cl, 86.6 to 100) following GTR.

2. After STR 5-year PFS was 72.7% (95% Cl: 45.9 to 99.5).

Importance of the Study

This is the first cooperative group trial reporting out-
comes for patients with low-risk meningioma managed

Meningioma has become the most frequently reported pri-
mary intracranial neoplasm,’ the majority being benign.
In the past, using early World Health Organization (WHO)
standards or various institutional grading standards, ap-
proximately 90% were characterized as benign (grade 1).2
However, with 2007, 2016, and 2021 WHO criteria, grade 1
is identified in approximately 70-75% of newly diagnosed
intracranial meningiomas, grade 2 in about 20-25%, and
grade 3in 1-3%.%4

A variety of management options are available for me-
ningioma patients including observation, resection, ex-
ternal beam radiation therapy (RT), and stereotactic
radiosurgery.* Given a wide variety of clinical presenta-
tions, institutional preferences, individualized patient cir-
cumstances, and a lack of level 1 evidence, approaches
toward WHO grade | meningioma vary, adding relevance
to a cooperative group trial with uniform entry criteria.

This analysis is the first publication of the low-risk co-
hort from a successfully completed international coopera-
tive group trial. The intermediate- and high-risk subgroups
have been published previously.>® For purposes of the
protocol, low-risk was defined as a unifocal, newly diag-
nosed WHO grade 1 meningioma whether gross totally or
subtotally resected.

I
Materials and Methods

Institutional Review Board Approval

This cooperative group protocol was approved by the in-
stitutional review boards at each participating study site,
and documentation was received at NRG Oncology. Each
patient signed an approved informed consent prior to trial
enrollment. This protocol, NRG Oncology RTOG 0539, is
registered with ClinicalTrials.gov: (https:/clinicaltrials.gov/
ct2/show/NCT00895622?term=ROG+0539&rank=1).  The
ClinicalTrials.gov identifier is NCT00895622.

Selection Criteria

Adults 18 years of age or older with a unifocal, histologically
documented intracranial meningioma were eligible.
Extracranial involvement was specified as a condition

with surgery and observation and includes centrally re-
viewed pathology and imaging.

for ineligibility. Patients must have had a Zubrod perfor-
mance status of 0-1 without severe, active comorbidity,
and without any history of cranial RT. Histology, including
WHO 2007 tumor grade and subtype, was confirmed for
each patient via central pathology review by one of the au-
thors (A.P). Following central confirmation of meningioma
and based upon institutional assessments of resection ex-
tent based upon surgeon’s assessment of Simpson grade
confirmed on post-operative MRI, patients were enrolled
into one of three study cohorts: Group | (low risk), Group
Il (intermediate risk), or Group lll (high risk), as shown in
Figure 1. This analysis focuses on Group | as Groups Il and
Il have been previously published.5¢

Protocol Registration

Registration was a two-step process. Step 1 included
submission of pathology specimens for central review.
Following central confirmation of meningioma and WHO
grade, step 2 registration proceeded with protocol group
assignment and management, which for patients assigned
to Group 1 was observation.

Tumor Grade and Resection Extent

Enrollment in the low-risk cohort (Group 1) was avail-
able only to patients with a newly diagnosed WHO grade 1
meningioma, whether gross totally or subtotally resected.
Initial registration and central pathology review must have
been completed within 24 weeks of surgery.This interval was
designed to permit post-operative imaging at 2 to 3 months
to confirm resection extent, and to permit additional surgery,
when desired, to obtain a more thorough resection.

Resection extent based upon the neurosurgeons’ as-
sessment was classified according to Simpson criteria.’
Gross total resection (GTR) was Simpson grades I-lll, and
subtotal resection (STR) Simpson grade IV or V. This cat-
egorization was chosen because it corresponds well with
post-operative MRI findings, which were used for con-
firmation of resection extent. The enrolling institutions’
imaging assessments were used for protocol group as-
signment, although imaging was also centrally reviewed
[by B.D. (see Acknowledgements), and by authors J.M.M.,
orAM.AL
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[ Frroliment ] Registered (n = 178)
Study opened on 6.19.2009
[ Allocation ]
| | R

Group | (n = 65) Group Il (n = 56) Group Il (n =57)

Intermediate risk patients:
e Recurrent WHO I, GTR or

High risk patients:
e Any WHO IIl, GTR or

Low risk patients:
e New WHO I, GTR or

STR STR STR
e New WHO II, GTR e Recurrent WHO II, GTR or
Cobhort closed on 9.29.2010 STR

Cohort closed on 5.12.2011 ¢ New WHO II, STR

Cohort closed on 8/24/2012

l

Excluded (n = 4)

Registered to incorrect group
Not meet protocol timeframe
Multiple meningioma present
Not receive protocol treatment

Excluded (n = 5)

- Registered to incorrect group (n = 4)
- Central pathology not done prior to 2nd
registration

Excluded (n = 4)

- Registered to incorrect group -
- Extracranial meningioma present -
- RT started prior to central pathology -

submission -
- Not receive protocol treatment

[ Treatment ]

A4 A\ 4 A
60 Gy in 30 fractions
Treated per protocol (n = 53)

54 Gy in 30 fractions
Treated per protocol (n = 52)

On observation (n = 60)

[ Analysis ]

v \ 4

e Analyzable for primary endpoint,

3-year PFS (n = 52)

- Withdrew or lost to FU before 3y (n = 7)

- Not submitted for central neuro-radiology
review (n = 1)

¢ Analyzable for primary endpoint,
3-year PFS (n = 48)
- Withdrew or lost to FU before 3y (n = 4)

e Analyzable for primary endpoint,
3-year PFS (n =51)
- Withdrew or lost to FU before 3y (n = 2)

e Number of deaths (n = 23)
* Number of progressions (n = 20)

e Number of deaths (n = 6)
¢ Number of progressions (n = 10)

e Number of deaths (n = 3)
e Number of progressions (n = 5)

Fig.1 NRG Oncology/ RTOG-0539 CONSORT diagram.

new nodular enhancement in patients with no measurable
tumor on initial postoperative imaging. Suspected imaging
progression less than 5 mm maximum diameter must
have been confirmed on two successive follow-up MRIs at
a minimum 3-month interval.

Patient Assessment and Management

Each Group 1 patient underwent surgery, then was
observed. None received adjuvant therapy. Preoperative
and postoperative MRIs were required. The initial
postoperative MRIs must have been completed within 12
weeks of surgery. Postoperative evaluations included a his-

tory and physical with neurological examinations, adverse
event (AE) evaluations, and brain MRIs at 6 months for
3 years, then at least annually for 10 years. Completion of
the Mini Mental Status Exam as well as corticosteroid and
other hormonal agent use followed the same schedule.
Progression was defined on imaging as an increase in
measurable tumor greater than 20% in any diameter or as

Statistical Methodology

The primary endpoint of each of the three study groups
was to estimate the 3-year progression-free survival (PFS)
rate. At the time of study development, no prospectively
collected cooperative group data was available on these
patient groups. A sample size of 50 patients per risk group
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would allow a 95% Cl around the estimate 3-year PFS rate
to be no greater than +14% using a binomial distribution.
Target accrual was thus set at 55 patients per risk group to
allow for up to 10% ineligibility and/or loss to follow-up.

Secondary endpoints included: (1) concordance between
central and parent institution histopathologic diagnosis,
grading, and subtyping; (2) incidence of prospectively
scored grade 2+ acute and late AEs as measured by CTCAE
version 3; (3) histopathologic correlates of PFS; (4) imaging
(MRI) predictors of progression via central neuroradiology
review; (5) molecular correlative studies; and (6) overall
survival (OS). For this Group 1 evaluation, we report the
primary endpoint (PFS) and secondary endpoints of OS
and AEs. Central neuro-radiology review began with Dr.
Bruce Dean (see Acknowledgments) and proceeded with
two co-authors (J.M.M. and A.M.A.). Findings regarding
pathologic concordance have been published separately.®
To determine the concordance within Group 1, similar
methods were employed including Cohen’s x in which
Kk < 0 indicates no agreement and 1.0 indicates complete
agreement.®

PFS was measured from the date of study entry to the
date of progression or death, or otherwise the date of the
last follow-up on which the patient was reported alive and
progression-free. OS was measured from the date of study
entry to the date of death, or otherwise the date of the last
follow-up on which the patient was reported alive. PFS and
OS were estimated using the Kaplan-Meier method. Time to
tumor progression was calculated using the cumulative in-
cidence function, with death without progression treated as
the competing risk. The effects of tumor features, including
greatest single dimension (continuous variable measured
in millimeters [mm]), edema, homogeneous enhancement,
calcification, hyperostosis, and brain invasion, on OS and
PFS were assessed with Cox proportional hazards models.
As specified by the protocol, Groups 1-3 were considered
in composite to increase statistical power for analyses of
the prognostic impact of tumor features. Additionally, a
Cox model was used to determine if meningioma location
impacted PFS. Chi-square tests compared the distribution
of location by resection status. Due to the limited number
of events, subgroup analyses could not be conducted. AEs
were graded with NCI's CommonTerminology Criteria for AEs
version 3. The incidence rates of treatment-related AEs for
dermatology/skin, neurology, and ocular/visual (excluding
alopecia) for all eligible patients who received protocol
treatment (surgery) were of interest. Treatment-related was
defined as definitely, probably, or possibly related to protocol
treatment.

Results
Patient Characteristics and Follow-up

The trial was activated on June 19, 2009, and accrual
to Group 1 (the present low-risk cohort) completed on
September 29, 2010. Among the 65 patients enrolled within
Group 1, five (7.7%) were found ineligible: four registered
to the wrong group, and one was absent the required sub-
missions for central pathology review. Of the remaining
60 evaluable patients, 56 (93.3%) were reported as GTR

and 4 (6.7%) as STR by the enrolling institution. Sufficient
imaging for central confirmation of resection extent was
available for 48 patients. By central review, GTR was identi-
fied in 35 (72.9%) and STR in 13 (27.1%).There was an only
fair agreement between the institution and central reviews
(x=0.26, 95% Cl, 0.02 to 0.54). No patient in Group 1 had a
recurrence prior to registration.

Median follow-up for the 60 evaluable patients was
9.0 years (range 0.6-10.4 years) and for the 57 surviving
patients, 9.1 years (range 0.6-10.4 years). Table 1 depicts
pretreatment characteristics of the 60 evaluable patients.

PFS

For the 60 eligible patients, five (8.3%) withdrew without
progression and two (3.3%) were lost to follow-up without
progression before reaching 3 years. Data for an addi-
tional patient (1.7%) were not submitted for central neuro-
radiology review. These 8 were censored before 3 years.
For the 52 evaluable patients, three (5.8%) progressed
within 3 years, and one (1.9%) died within 3 years without
disease progression. Estimated 3-year PFS was 91.4%
(95% Cl, 84.2 to 98.6), 5-year PFS was 89.4% (95% ClI, 81.3
to 97.5), and 10-year PFS was 85% (95% CI, 75.3 to 94.7).
Figure 2A displays Kaplan-Meier PFS for the entire cohort.
Median PFS was not reached since only 8 (13.3%) patients
progressed or died.

Assessing resection extent according to central review
of the initial post-operative MRI, following GTR estimated
3-year and 5-year PFS rates were 94.3% (95% Cl, 86.6 to
100), and 10-year 87.6% (95% CI, 76.2 to 99.1). After STR,
estimated 3-year PFS was 83.1% (95% Cl, 61.5 to 100), and
5-year and 10-year PFS 72.7% (95% Cl, 45.9 to 99.5). Figure
2B shows PFS Kaplan-Meier curves comparing PFS fol-
lowing GTR and STR. Due to the small number of events
(<10), no statistical test was conducted.

Meningioma Location and Resection Status

Anatomic location (grouped as convexity, parasagittal, and
skull base) was analyzed against resection extent (Table 2).
Among the 60 evaluable patients, 35 (58.3%) had a tumor
of convexity/parasagittal origin, 19 (31.7%) skull base, and 6
(10.0%) tentorial/posterior fossa. According to central review,
GTR was accomplished in 20 (83.3%) of the convexity/para-
sagittal meningiomas, 12 (66.7%) skull base, and 3 (50.0%) of
the tentorial/posterior fossa, as compared to STR in 4 (16.7%)
of the convexity/parasagittal, 6 (33.3%) of the skull base, and
3 (50.0%) of the tentorial/posterior fossa meningiomas.

Progression

Figure 2C is a graphic representation of time to progression
for the full cohort. Progression was in each case local, after
STR within the residual enhancing meningioma and after
GTR within or immediately abutting the resection bed. Two
patients experienced local failure within year 1, four within
3years, and five within 5 years.There were no additional fail-
ures out of 10 years. For the entire cohort, the 3-year progres-
sion rate was 6.9% (95% Cl, 2.2 to 15.4), 5-year 8.9% (95%
Cl, 3.2 to 18.2), and 10-year 8.9% (95% Cl, 3.2 to 18.2). When
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Table 1. Continued

Patient characteristics
Age (years)
Median
Min-Max
Q1-Q3
<49
50-59
60-69
>70
Sex
Male
Female
Race
American Indian/Alaska Native
Asian
Black or African American
White
Unknown or not reported
Ethnicity
Hispanic or Latino
Not Hispanic or Latino

Unknown (individuals not reporting
ethnicity)

Clinical characteristics
Zubrod performance status
0
1
Neurologic function
No symptoms
Minor symptoms
Moderate symptoms
Current status of tumor
initial diagnosis only
Extent of resection (Simpson grade)
Initial-grade |
Initial-grade Il
Initial-grade Il
Initial-grade IV
Lateralization of tumor
Right
Left
Bilateral
Unknown
Location of tumor
Skull base

Convexity/parasagittal

56

31-79
46-64

21 (35.0%)
16 (26.7%)
15 (25.0%)
8(13.3%)

12 (20.0%)
48 (80.0%)

2 (3.3%)
1(1.7%)
6 (10.0%)
50 (83.3%)
1(1.7%)

2(3.3%)
55 (91.7%)
3(5.0%)

44 (73.3%)
16 (26.7%)

36 (60.0%)
16 (26.7%)
8(13.3%)

60 (100.0%)

36 (60.0%)
15 (25.0%)
5 (8.3%)
4 (6.7%)

27 (45.0%)
28 (46.7%)
4 (6.7%)
1(1.7%)

19 (31.7%)
35 (58.3%)

Tentorial/posterior fossa 6(10.0%)

Preoperative imaging features on all groups

Greatest single dimension (mm) (n=148)
Median 42.7
Minimum-maximum 4.2-144.4
Q1-Q03 28-57.6

Edema (n=114)
No 38 (33.3%)
Yes 76 (66.7%)

Homogeneous enhancement (n=116)
No 28 (24.1%)
Yes 88 (75.9%)

Calcification (n=27)
No 21 (77.8%)
Yes 6(22.2%)

Hyperostosis (n=40)
No 23 (567.5%)
Yes 17 (42.5%)

Brain invasion (n=30)
No 29 (96.7%)
Yes 1(3.3%)

Q1, first quartile; @3, third quartile.

assessed by central review determined extent of resection,
the rate of progression was 2.9% (95% Cl, 0.2 to 12.9) at 3, 5,
and 10 years following GTR, whereas after STR 3-year pro-
gression was 16.9% (95% Cl, 2.3 to 43.3), while 5-year and
10-year progression rates were each 27.3% (95% Cl, 5.6 to
55.8). Additional management for the five patients who ex-
perienced progression was surgery alone for one patient,
surgery and radiosurgery for one, radiosurgery for one, and
observation for two. Due to the small number of progression
events (<10), no statistical test was conducted.

(0N}

Among the 60 evaluable patients, one (1.7%) died within
3 years. Of the three deaths that occurred within the
follow-up of 0.6 to 10.4 years (median 9.0 years), 2 were
due to this disease and one due to other neurological dis-
ease. Figure 2D shows the Kaplan-Meier estimated OS for
the entire cohort. Median survival has not been reached.
Kaplan-Meier 3-year and 5-year OS rates were 98.3% (95%
Cl, 94.9 to 100), and 10-year OS 93.8% (95% ClI, 87 to 100).
By central review determined extent of resection, GTR pro-
vided 3-year and 5-year rates of OS of 97.1% (95% Cl, 91.6
to 100), and a 10-year rate of 90.4% (95% CI, 80 to 100).
After STR, all patients survived through 10 years.
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PFS by resection status. The listed percentages are the Kaplan-Meier PFS estimates at 1, 3, 5, and 10 years, respectively. (C) Time to progression
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the Kaplan-Meier OS estimates at 1, 5, and 10 years, respectively. GTR, gross total resection; PFS, progression-free survival; STR, subtotal resec-

tion; 0S, overall survival.

Table2. Meningioma Location by Resection Status

Tentorial/posterior fossa

Skull base Convexity/parasagittal
(n=18) (n=24)

Gross total resection 12 (66.7%) 20 (83.3%)

Subtotal resection 6 (33.3%) 4(16.7%)

P-value (Fisher's Exact Test) = 0.16.

Prognostic Factors

As measured via central review and inclusive of all three
study cohorts, the median greatest single tumor dimension
on pre-operative MRl was 42.7 mm, range 4.2-144.4 mm.We
found that increasing tumor size was associated with signif-
icant worsening of PFS (hazard ratio [HR] = 1.03; 95% Cl, 1.01
to 1.05, P = 0.003,) as well as OS (HR = 1.03; 95% ClI, 1.00
to 1.05; P = 0.021), indicating that a 3% relative worsening
of PFS and OS per 0.01 mm tumor size (Table 3). This was
the only finding with statistically significant impact. We

(n=6)
3 (50.0%)
3 (50.0%)

35 (72.9%)
13 (27.1%)

also examined cerebral edema (66.7%), homogeneous en-
hancement (75.9%), calcification (22.2%), and hyperostosis
(42.5%).

AEs

Treatment-related AEs were limited to grades 1 through
3. There were no grade 4 or 5 events. One grade 3 (infection),
four grade 2 (neurologic, pulmonary, gastrointestinal, and
pain), and five grade 1 (three neurologic, one occulovisual,
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Table3. Cox Proportional Hazards Model (Stratified by Group) With Central Neuroradiology Review of Tumor Size and Other Features (n = 104)

Variable
Progression-free survival

Greatest single dimension (continuous)
Overall survival

Greatest single dimension (continuous)

Both models derived from stepwise selection.

P-value Hazard Ratio (95% Cl)
0.003 1.03 (1.01 to 1.05)
0.021 1.03 (1.00 to 1.05)

Variable(s) not included in final models: edema and homogeneous enhancement (dropped out during the stepwise selection process), calcification,
hyperostosis, and brain invasion were not included as covariates in this analysis due to too few patients with available data.

and one constitutional) events were reported from five pa-
tients. No Group 1 patient received postoperative adjuvant
therapy; thus all events were attributed to surgery itself.

Discussion

The WHO updated its meningioma grading criteria in
2021.° The 2021 WHO criteria recognize rapidly evolving
molecular discoveries which are adding constructively to
subtype classification, grading, and prognostic determi-
nation. These presently include SMARCE1 associated with
clear cell meningioma, BAP1 with rhabdoid and papillary
subtypes, KLF4/TRAF7 with secretory, TERT, and CDKN2A/B
with WHO grade 3, H3K27me3 loss and methylome pro-
filing with aggressive behavior."®This arena is undergoing
rapid evolution and will be part of ongoing investigations
and publications within this trial.

Building upon prior 2000, 2007, and 2016 criteria, the
new 2021 grading parameters are, from the microscopic
and histopathologic viewpoint, very similar to those em-
ployed in this cooperative group trial. Using these modern
grading criteria, other investigators have independently
validated strong associations between meningioma grade,
recurrence-free survival, and 0S."-'3 In concert with the
present article, our prior publications of outcomes with in-
termediate- and high-risk meningioma subgroups from the
same NRG/RTOG-0539 trial have been confirmatory.>®

Surgery remains an important primary therapy for me-
ningioma as numerous publications have demonstrated
a strong relationship between resection extent and recur-
rence.* The characterization of surgical resection by Donald
Simpson has remained the standard.” His report published
in 1957 carefully described surgical outcomes with 256
patients based upon resection extent, which he categorized
as grades I-V.” Although some contemporary surgical series
have questioned the Simpson grading scheme’s applicability
to the present era,'*'6 the majority have confirmed lower
meningioma recurrence risk with greater degrees of resection
of the tumor, its adjacent dura, and any involved bone.”
A large series by Hasseleid confirmed significant differences
in PFS between Simpson grade |, grades |l to Ill, and grades
IVtoV.”

We defined GTR as Simpson grades I-lll. This was chosen
because grades I-lll would be difficult to impossible to
differentiate on the basis of post-operative imaging, which
was mandated and centrally reviewed within the trial.

Interestingly, among the 60 low-risk (Group 1) patients
observed on protocol, 56 (93%) were reported as GTR by
the enrolling sites. In contrast, among 48 patients with
sufficient imaging submitted for thorough central review,
35 (73%) were interpreted as GTR. Statistically, this
represents fair agreement, although numerically there
is a 20% discrepancy. The reasons for this remain to be
clarified. Direct surgeon input, which was absent with
central review, may perhaps have impacted radiographic
interpretation at the enrolling site. Other investigators
have noted that intraoperative Simpson grading may
over-estimate resection extent in comparison with
postoperative imaging.'®

For a WHO grade 1 meningioma, GTR is considered
definitive therapy, although it is well recognized that
long-term local recurrence risk persists. Reports with
extended follow-up have identified local recurrence in
7-27% at 5-years, 18-53% at 10-years, and 21-68% at
15-years.'31419.20 With respect to our entire Group 1 cohort,
following either GTR or STR, results are at the more favor-
able end of this spectrum. Per literature review, we estimated
3-year progression risk at 10% for the low-risk cohort. Our
observed failure rate was 8.6%, thus within our outcome
estimates. PFS at 3-years was 91.4%, at b-years 89.4%, and
at 10 years 85%. By resection extent, as anticipated, results
were numerically superior following GTR, following which 3
and 5-year PFS rates were each 94.3%, and 10-year PFS 87.6%.
Following STR, PFS rates were numerically inferior: 83.1% at
3-years, and 72.7% at 5 and 10-years, although there have yet
been too few events for statistical comparison. For the entire
cohort, OS was 98.3% at 3 and 5 years and 93.8% at 10 years.

With relatively few progression events with Group 1 alone,
we evaluated imaging prognostic features among all three
protocol risk groups. Extent of edema, homogeneous versus
heterogeneous enhancement, hyperostosis, calcification,
and tumor dimension (as a continuous variable) were con-
sidered. Except for tumor size (measured by greatest dimen-
sion), each variable dropped out of the model due either to its
paucity or to statistical insignificance. With median greatest
dimension 42.7 mm (range 4.2-144.4 mm), tumor size signif-
icantly impacted PFS (P = .003) and OS (P = .021). Whether
this applies variably to different study cohorts remains an im-
portant question for future analysis. Although some investi-
gators have not identified a correlation between meningioma
size and recurrence risk,?' the majority have,'®22-25 including
a recent meta-analysis.2 Tumor size may play a larger role in
recurrence risk, and possibly even survival, than has tradi-
tionally been attributed to it.
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We compared a subcohort of Group 1 (centrally re-
viewed WHO grade 1, STR alone), with a subcohort of
Group 2 patients (centrally reviewed WHO grade 2, GTR +
RT).5 At 5-years PFS was, respectively, 94.1% versus 83.1%,
numerically superior for Group 2. There remain too few
events for statistical analysis. However, noting that no AEs
beyond grade 2 were encountered with Group 2 patients
who received RT after GTR® this may raise questions re-
garding optimal management of patients with subtotally
resected WHO grade 1 meningioma, who may benefit from
secondary resection or RT.

As one might anticipate, STR (Simpson Grade IV and V)
resulted in higher rates of progression than GTR in the ma-
jority of reports. Local progression following STR of WHO
grade 1 meningioma has occurred in 37-63% of patients at
5-years, 52-100% at 10-years, and 70-91% at 15-years.'419202728
Furthermore, in one study cause-specific survival (CSS) was
significantly decreased in patients receiving subtotal com-
pared to GTR, with 15-year CSS 51% versus 88%, respectively.™
Whether secondary surgery or early RT may be appro-
priate in this setting remains an important question for future
investigation.

This publication represents the first clinical report of low-
risk (newly diagnosed WHO grade 1 treated surgically) me-
ningioma patients treated within a cooperative group trial.
With PFS at 3, 5, and 10 years of 91.4, 89.4, and 85.0%, and
10-year OS 93.8%, the results prospectively validate sur-
gery followed by observation for most low-risk patients,
but raise possible questions regarding optimal manage-
ment following STR, particularly for patients with a large
meningioma.

Management algorithms now increasingly oblige fine
tuning beyond our current appraisals of histopathologic
grade, resection extent, recurrence status, tumor size,
and tumor volume. As presently constituted, these result
in overtreatment in as many as half of high-risk patients
and undertreatment of a similar percentage of those os-
tensibly at lower risk. The identification of molecular fin-
gerprints for those meningiomas most likely to recur or
progress, and perhaps even those most likely to benefit
from adjuvant therapy is underway. There is noteworthy
evidence that DNA methylation, among other molecular
fingerprints, may inform progression risk and help in-
dividualize management for patients with meningioma,
the most common of primary intracranial tumors.?®-32 We
are presently investigating methylation among patients
on NRG/RTOG-0539 with a Moonshot grant. Additionally,
there are plans for further molecular analysis built into the
protocol once there have been sufficient events in support
of such inquiry. These will be the topics for subsequent
publication. It is expected that such investigations will
advance our understanding of meningioma subtyping,
grading, and treatment with improved identification of
which patients stand to benefit from which management
strategies.

Keywords

cooperative group trial | meningioma | observation |
surgery | WHO grade 1 (benign)

Funding

U10CA180868 and U10CA180822 from the National Cancer
Institute (NCI).

The late Dr Bruce Dean, Barrow Neurological Institute, was the
neuroradiologist instrumental in designing this trial and in re-
viewing images at protocol inception. The late Dr Emad Youssef,
Barrow Neurological Institute, was also critical to the protocol’s
success, enrolling the majority of patients at the highest ac-
cruing center. It is with gratitude that we acknowledge their
contributions.

Conflict of interest statement. A.P, L.S.A., Modi, AM.A., 1.J.B.,
S.B., JAB., JFd.G., ACW., S.M.L, N.D, D.C.S,, H-K.S., B.B,,
and M.W. have nothing to disclose. M.M. reports Research sup-
port for research done in my department with myself as Pl or
co-| for Astra Zeneca, Varian, Elekta, Viewray, ad board partic-
ipation (<$5000) Astra Zeneca, Travel to meetings (amounts $
< 2000) Astra Zeneca, Varian, Elekta, Viewray. M.P.M. reports
Consulting fees Astra Zeneca, Sapience, Payment or hon-
oraria for lectures, presentations, speakers’ bureaus, man-
uscript writing or educational events from Zap and Mevion,
Participation on a Data Safety Monitoring Board or Advisory
Board for Tocagen and Karyopharm, Brain committee chair-NRG
Oncology, Board member-PCG, Board of directors-Oncoceutics.
Dr Mishra reports honoraria for lectures, presentations,
speakers’ bureaus, manuscript writing or educational events,
Support for travel from Varian. S.L.P. reports Salary support
paid to my institution Pfizer and Millennium. Dr Robinson re-
ports Grants or contracts from any entity from Varian and Merck,
Consulting fees Varian and Radialogica, Stock or stock options
Radialogica, Quantitative Radiology Solutions. Dr Rogers reports
| own stock in GT Medical Technologies which makes an intra-
cranial brachytherapy source, but this has no applicability to
our manuscript, and | receive no remuneration it. M.A.V. reports
Support for NRG Oncology infrastructure; grant to my institution
for my leadership role in NRG Oncology from NCI/CTEP, Travel
support for NRG Oncology working meetings, Co-Chair of Brain
Committee for NRG Oncology.

Authorship statement. Conception and design: J.AB.,
SM.L, MPM, JMM, S.LP, C.LR., MA. Collection and
assembly of data: AM.A, LS.A, I.J.B., S.B., J.Fd.G,, N.D.,
M.M., JM.M., AP, S.LP, D.C.S., H-K.S., M.V.M., M.W. Data
analysis and interpretation: AM.A,, B.B.,, M.M., M.PM.,
M.V.M., JMM., S.LP, C.G.R, CLR., H.-K.S., M.\V.M., A.C.W.,,
M.W. Manuscript writing: AM.A, LSA, I.J.B.,, B.B., JAB.,
S.B., J.Rd.G., N.D,, SM.L, M.M., M.PM., M.V.M., J.M.M., AP,
S.LP, C.G.R, C.LR, D.C.S., H-K.S., M.V.M., A.C.W., M.W.. Final
approval of manuscript: AM.A,, L.S.A, I.J.B., B.B., JAB., S.B.,
J.Fd.G., N.D,, SM.L, M-M., M.PM., M.V.M., J.M.M., AP, S.L.P,
C.G.R,C.LR,D.C.S., H.-K.S., M.V.M., A.C.W., M.W.



Rogers et al. Low-risk meningioma, NRG Oncology RTOG 0539

Previous Presentations

Society for Neuro-Oncology 25th Anniversary Scientific Meeting,

Austin, Texas, November 2020 (meeting changed to virtual during

COVID-19 pandemic). Limited early results presented at ASTRO,
58rd Annual Meeting of the American Society of Therapeutic
Radiology and Oncology, Boston, Massachusetts, September 2016.

References

Ostrom QT, Gittleman H, Liao P, et al. CBTRUS statistical report: primary
brain and central nervous system tumors diagnosed in the United States
in 2007-2011. Neuro Oncol. 2014;16(Suppl 4):iv1—iv63.

Claus EB, Bondy ML, Schildkraut JM, Wiemels JL, Wrensch M,
Black PM. Epidemiology of intracranial meningioma. Neurosurgery.
2005;57(6):1088—1095.

Backer-Grgndahl T, Moen BH, Torp SH. The histopathological spectrum
of human meningiomas. /nt J Clin Exp Pathol. 2012;5(3):231-242.
Rogers L, Barani |, Chamberlain M, et al. Meningiomas: knowledge base,
treatment outcomes, and uncertainties: a RANQO review. J Neurosurg.
2015;122(1):4-23.

Rogers L, Zhang P. Vogelbaum MA, et al. Intermediate-risk meningioma:
initial outcomes from NRG Oncology/RT0G-0539. J Neurosurg. 2018;
129(1):35-47.

Rogers CL, Won M, Vogelbaum MA, et al. High-risk meningioma: initial
outcomes from NRG Oncology/RTOG 0539. Int J Radiat Oncol Biol Phys.
2020; 106(4):790-799.

Simpson D. The recurrence of intracranial meningiomas after surgical
treatment. J Neurol Neurosurg Psychiatry 1957; 20(1):22-39.

Rogers CL, Perry A, Pugh S, et al. Pathology concordance levels for me-
ningioma classification and grading in RTOG trial 0539. Neuro Oncol.
2015;18(4):565-574.

McHugh ML. Interrater reliability: the kappa statistic. Biochem Med
(Zagreb). 2012;22(3):276-282.

Louis DN, Perry A, Wesseling P, et al. The 2021 WHO classification
of tumors of the central nervous system: a summary. Neuro Oncol.
2021;23(8):1231-1251.

. Combs SE, Schulz-Ertner D, Debus J, von Deimling A, Hartmann C.

Improved correlation of the neuropathologic classification according to
adapted World Health Organization classification and outcome after ra-
diotherapy in patients with atypical and anaplastic meningiomas. Int J
Radiat Oncol Biol Phys. 2011; 81(5):1415-1421.

Domingues PH, Sousa P, Otero A, et al. Proposal for a new risk strat-
ification classification for meningioma based on patient age, WHO
tumor grade, size, localization, and karyotype. Neuro Oncol. 2014;16(5):
735-747.

Olar A, Wani KM, Sulman EP., et al. Mitotic index is an independent pre-
dictor of recurrence-free survival in meningioma. Brain Pathol. 2015;
25:266-275.

Condra KS, Buatti JM, Mendenhall WM, Friedman WA, Marcus RB Jr,
Rhoton AL. Benign meningiomas: primary treatment selection affects
survival. Int J Radiat Oncol Biol Phys. 1997; 39(2): 427-436.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

28.

29.

30.

31.

32.

Oya S, Kawai K, Nakatomi H, Saito N. Significance of Simpson grading
system in modern meningioma surgery: integration of the grade with
MIB-1 labeling index as a key to predict the recurrence of WHQO Grade
I meningiomas. J Neurosurg. 2012;117: 121-128.

Sughrue ME, Kane AJ, Shangari G, et al. The relevance of Simpson
Grade | and Il resection in modern neurosurgical treatment of World
Health Organization Grade | meningiomas. J Neurosurg. 2010;
113(5):1029-1035.

Hasseleid BF, Meling TR, Ronning P, Scheie D, Helseth E. Surgery for
convexity meningioma: Simpson Grade | resection as the goal: clinical
article. J Neurosurg. 2012; 117(6): 999-1006.

Spille DC, Hess K, Bormann E, et al. Risk of tumor recurrence in intra-
cranial meningiomas: comparative analyses of the predictive value
of the postoperative tumor volume and the Simpson classification. J
Neurosurg. 2020; 134(6): 1764—1771.

Mirimanoff RO, Dosoretz DE, Linggood RM, Ojemann RG, Martuza RL.
Meningioma: analysis of recurrence and progression following neuro-
surgical resection. J Neurosurg. 1985; 62(1):18-24.

Stafford SL, Perry A, Suman VJ, et al. Primarily resected meningiomas:
outcome and prognostic factors in 581 Mayo Clinic patients, 1978
through 1988. Mayo Clin Proc. 1998;73(10):936-942.

Oya S, Kim SH, Sade B, Lee JH. The natural history of intracranial
meningiomas. J Neurosurg. 2011; 114(5):1250—1256.

Bir S, Konar S, Maiti TK, Guthikonda B, Nanda A. Surgical outcomes and
predictors of recurrence in elderly patients with meningiomas. World
Neurosurg. 2016; 90:251-261.

Dibiase SJ, Kwok Y, Yovino S, et al. Factors predicting local tumor con-
trol after gamma knife stereotactic radiosurgery for benign intracranial
meningiomas. Int Radiat Oncol Biol Phys. 2004; 60(5):1515-1519.
Herscovici Z, Rappaport Z, Sulkes J, Danaila L, Rubin G. Natural
history of conservatively treated meningiomas. Neurology
2004;63(6);1133—1134.

Hunter JB, Yawn RJ, Wang R, et al. The natural history of petroclival
meningiomas: a volumetric study. Otol Neurotol. 2017; 38(1):123-128.
Islim Al, Mchan M, Moon RDC, et al. Incidental intracranial
meningiomas: a systematic review and metaanalysis of prognostic fac-
tors and outcomes. J Neuro-Oncol. 2019;142(2):211-221.

. Miralbell R, Linggood RM, de la Monte S, Convery K, Munzenrider JE,

Mirimanoff RO. The role of radiotherapy in the treatment of subtotally
resected benign meningiomas. J Neurooncol. 1992;13(2):157-164.
Soyuer S, Chang EL, Selek U, Shi W, Maor M, DeMonte F. Radiotherapy
after surgery for benign cerebral meningioma. Radiother Oncol. 2004;
71(1):85-90.

Nassiri F, Mamatjan Y, Suppiah S, et al.; International Consortium on
Meningiomas. DNA methylation profiling to predict recurrence risk in
meningioma: development and validation of a nomogram to optimize
clinical management. Neuro Oncol. 2019;21(7):901-910.

Vasudevan HN, Castro MRH, Lee JC, et al. DNA methylation profiling
demonstrates superior diagnostic classification to RNA-sequencing in
a case of metastatic meningioma. Acta Neuropathol Commun. 2020;
8(1):82.

Sahm F, Schrimpf D, Stichel D, et al. DNA methylation-based classifi-
cation and grading system for meningioma: a multicentre, retrospective
analysis. Lancet Oncol. 2017;18(5): 682—-694.

Bi WL, Nayak L, Meredith DM, et al. Activity of PD-1 blockade with
nivolumab among patients with recurrent atypical/anaplastic menin-
gioma: phase Il trial results. Neuro Oncol. 2022;24(1):101-113.






