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OBJECTIVE This is the first clinical outcomes report of NRG Oncology RTOG 0539, detailing the primary endpoint,
3-year progression-free survival (PFS), compared with a predefined historical control for intermediate-risk meningioma,
and secondarily evaluating overall survival (OS), local failure, and prospectively scored adverse events (AEs).

METHODS NRG Oncology RTOG 0539 was a Phase Il clinical trial allocating meningioma patients to 1 of 3 prog-
nostic groups and management strategies according to WHO grade, recurrence status, and resection extent. For the
intermediate-risk group (Group 2), eligible patients had either newly diagnosed WHO Grade Il meningioma that had been
treated with gross-total resection (GTR; Simpson Grades I-Ill) or recurrent WHO Grade | meningioma with any resection
extent. Pathology and imaging were centrally reviewed. Patients were treated with radiation therapy (RT), either intensity
modulated (IMRT) or 3D conformal (3DCRT), 54 Gy in 30 fractions. The RT target volume was defined as the tumor bed
and any nodular enhancement (e.g., in patients with recurrent WHO Grade | tumors) with a minimum 8-mm and maxi-
mum 15-mm margin, depending on tumor location and setup reproducibility of the RT method. The primary endpoint was
3-year PFS. Results were compared with historical controls (3-year PFS: 70% following GTR alone and 90% with GTR +
RT). AEs were scored using NCI Common Toxicity Criteria.

RESULTS Fifty-six patients enrolled in the intermediate-risk group, of whom 3 were ineligible and 1 did not receive RT.
Of the 52 patients who received protocol therapy, 4 withdrew without a recurrence before 3 years leaving 48 patients
evaluable for the primary endpoint, 3-year PFS, which was actuarially 93.8% (p = 0.0003). Within 3 years, 3 patients
experienced events affecting PFS: 1 patient with a WHO Grade Il tumor died of the disease, 1 patient with a WHO Grade
[l tumor had disease progression but remained alive, and 1 patient with recurrent WHO Grade | meningioma died of
undetermined cause without tumor progression. The 3-year actuarial local failure rate was 4.1%, and the 3-year OS rate
was 96%. After 3 years, progression occurred in 2 additional patients: 1 patient with recurrent WHO Grade | meningioma
and 1 patient with WHO Grade Il disease; both remain alive. Among 52 evaluable patients who received protocol treat-
ment, 36 (69.2%) had WHO Grade Il tumors and underwent GTR, and 16 (30.8%) had recurrent WHO Grade | tumors.
There was no significant difference in PFS between these subgroups (p = 0.52, HR 0.56, 95% CI 0.09-3.35), validating
their consolidation. Of the 52 evaluable patients, 44 (84.6%) received IMRT, and 50 (96.2%) were treated per protocol or

ABBREVIATIONS AE = adverse event; CGE = cobalt gray equivalent; CNED = continual no evidence of disease; CTV = clinical tumor volume; EBRT = external beam RT;
EORTC = European Organisation for Research and Treatment of Cancer; GTR = gross-total resection; GTV = gross tumor volume; IMRT = intensity-modulated RT, MMSE

= Mini-Mental State Examination; OAR = organ at risk; OS = overall survival; PD = progressive disease; PFS = progression-free survival; PRV = planning risk volume; PTV
= planning target volume; PTV,g, = overlap between the PTV and the particular PRV of concern; RT = radiation therapy; RTOG = Radiation Therapy Oncology Group; SD =
stable disease; SRS = stereotactic radiosurgery; STR = subtotal resection; WHO = World Health Organization; 3DCRT = 3D conformal RT.
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with acceptable variation. AEs (definitely, probably, or possibly related to protocol treatment) were limited to Grade 1 or

2, with no reported Grade 3 events.

CONCLUSIONS This is the first clinical outcomes report from NRG Oncology RTOG 0539. Patients with intermediate-
risk meningioma treated with RT had excellent 3-year PFS, with a low rate of local failure and a low risk of AEs. These
results support the use of postoperative RT for newly diagnosed gross-totally resected WHO Grade Il or recurrent WHO
Grade | meningioma irrespective of resection extent. They also document minimal toxicity and high rates of tumor control

with IMRT.

Clinical trial registration no.: NCT00895622 (clinicaltrials.gov).

https://thejns.org/doi/abs/10.3171/2016.11.UNS161170

KEY WORDS meningioma; WHO Grade Il (atypical); radiotherapy; oncology

often based on clinical judgment, personal experi-

ence, institutional tradition, and retrospective se-
ries, all in the absence of Level 1 evidence. Practices have
varied, and the establishment of a uniform approach has
been hampered not only by the lack of prospective trials,
but also, and rather importantly, by inconsistent grading
criteria. In recent years, the latter has been addressed by
the World Health Organization (WHO) with updated cri-
teria in 2007 and 2016. Previous grading standards were
not broadly accepted, but, based on a recently published
secondary endpoint analysis of pathology concordance
from NRG Oncology RTOG 0539, the WHO 2000 and
2007 standards appear to have been broadly followed, at
least among institutions enrolling patients in NRG Oncol-
ogy RTOG cooperative group trials.*’

Several cooperative group meningioma protocols have
been launched, but they either have met with disappoint-
ing results or have failed to reach accrual goals.!®!2527
The Southwest Oncology Group (SWOG) completed a
Phase III trial, with results published in 2015 by Ji and
colleagues, assessing mifepristone, an antiprogestin. That
study (SWOG-S9005) randomized patients with progres-
sive or recurrent meningioma to receive either oral mife-
pristone or placebo and showed no improvement in either
failure-free or overall survival with mifepristone.?!

Regarding radiation therapy (RT), prior evidence has
been limited to Level IV or V.2 Recently, however, 2
Phase II trials, this one from NRG Oncology RTOG and
another from the European Organisation for Research and
Treatment of Cancer (EORTC 22042-26042), completed
accrual, and the data are undergoing analysis. This report
describes the initial clinical outcomes from NRG Oncolo-
gy RTOG 0539, a Phase II trial of observation for low-risk
meningioma and of RT for intermediate- and high-risk
meningioma. The trial opened in June 2009 and closed
ahead of schedule with full accrual in August 2012. The
schema and enrollment data are depicted in Fig. 1.

This report focuses on the intermediate-risk cohort
(Group 2), composed of patients with newly diagnosed
WHO Grade II meningioma treated with gross-total re-
section (GTR) or recurrent WHO Grade I meningioma,
with or without resection of any extent. We address the
study’s primary endpoint, 3-year progression-free sur-
vival (PFS), as well as the mature secondary endpoints
of 3-year overall survival (OS) and acute and late adverse
events (AEs).

r.I.‘REATMENT of patients with meningioma is most
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Methods

Institutional Review Board Approval, Consent, and
Clinical Trial Registration

This cooperative group protocol was approved by the
institutional review boards at each participating study site,
and documentation was received at the Radiation Thera-
py Oncology Group (RTOG, now NRG Oncology) central
office. Each patient signed an approved informed consent
form before trial enrollment. This protocol (NRG Oncol-
ogy RTOG 0539) is registered with ClinicalTrials.gov
(https://clinicaltrials.gov). The ClinicalTrials.gov identi-
fier is NCT00895622.

Selection Criteria

Adults 18 years of age or older with a unifocal, his-
tologically documented intracranial meningioma, with
no prior history of cranial RT, with Zubrod Performance
Status 0—1 and without severe, active comorbidity were
eligible for enrollment. Histology, including WHO 2007
tumor grade and subtype, was confirmed for each patient
via central pathology review by one of the authors (A.P.).
Following central review, patients were partitioned ac-
cording to specific criteria into 3 groups: Group 1 (low
risk), Group 2 (intermediate risk), and Group 3 (high risk),
shown in Fig. 1.

Protocol Registration

Registration took place in 2 steps. Step 1 was initial
registration, followed by submission of pathology speci-
mens for central review. Step 2 registration, which oc-
curred after central pathology review, entailed protocol
group assignment. After this step, protocol-specified treat-
ment began.

Tumor Grade and Resection Extent

This report pertains to patients assigned to the interme-
diate-risk group (Group 2), which includes patients with
a newly diagnosed gross-totally resected WHO Grade 11
meningioma or a recurrent WHO Grade I meningioma
irrespective of the resection extent. Resection extent was
classified using Simpson criteria*® and was based on the
neurosurgeons’ assessment and postoperative MRI find-
ings, also centrally reviewed (by Bruce Dean—see Ac-
knowledgments—and authors J.M. or A.A.). Gross-totally
resected tumors included Simpson Grades I-III.

For patients with a newly diagnosed WHO Grade II
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Phase Il Trial of Observation for Low-Risk Meningioma and of Radiotherapy
for Intermediate and High-Risk Meningioma

1
Group Observation

Strata -M»

Group 3

Group 1 (Low Risk):

Group 2 (Intermediate Risk):

Group 3 (High Risk):

FIG. 1. Protocol schema, accrual data, and subgroup definitions.

meningioma, initial registration and central pathology re-
view must have been completed within 24 weeks of sur-
gery. This interval was designed to permit sufficient time
for imaging at 3—4 months after surgery to confirm GTR.
In the setting of a recurrent WHO Grade I tumor, there
were no such constraints, and although additional resec-
tion or biopsy was encouraged, it was not a prerequisite.
For patients with WHO Grade I meningioma, recurrence
or progression leading to eligibility for protocol enroll-
ment was defined clinically and radiographically at the
enrolling institution, with documentary MRI submission
as a prerequisite. No patient with a newly diagnosed WHO
Grade I meningioma, irrespective of resection grade, was
enrolled in Group 2. If further biopsy or resection was
performed for recurrent tumor, submission of such speci-
mens was mandated. The diagnosis of recurrence based
solely on imaging findings was permitted, but if no addi-
tional resection was performed, submission of specimens
from the prior resection was required, and tumor grade
was centrally confirmed on the basis of those specimens.

Preoperative and postoperative MRI examinations
were required for each patient with a WHO Grade II me-
ningioma. For those with recurrent WHO Grade I menin-
gioma, pre- and postoperative MRI examinations were
required if surgery was performed; however, only the
follow-up imaging documenting recurrence was needed if
additional surgery was not undertaken.

Radiation Therapy

Every Group 2 patient received radiation therapy (RT);
3D conformal RT (3DCRT), intensity-modulated RT
(IMRT), or proton therapy was permitted. The dose was
54 Gy in 30 fractions of 1.8 Gy each, delivered on consec-
utive weekdays. The gross tumor volume (GTV) was the

54 Gy in 30 fractions

— G60Gy 30 fractions

Opened June 19, 2009
Required Sample Size: 165
55 for each Group
Patients enrolled:
Group 1: 65 closed 9.29.10
Group 2: 56 closed 5.12.11
Group 3: 57 closed 8.24.12
Average Monthly Accrual:
Group 1: 4.2
Group 2: 2.5
Group 3: 1.5

New WHO Grade |, GTR or STR
Recurrent Grade |, GTR or STR
New WHO Grade Il, GTR or STR
Any WHO Grade lll, GTR or STR
Recurrent Grade Il, GTR or STR
New Grade I, STR

tumor or resection bed for all Group 2 patients, plus any
nodular enhancement in the recurrent/progressive WHO
Grade I subgroup. The GTV was determined on the basis
of pre- and postoperative MRI; multiplanar T1-weighted
postcontrast and precontrast T1- and T2-weighted and
FLAIR images were required. Neither cerebral edema nor
the dural tail were included within the GTV, but hyper-
ostotic bone or directly invaded bone was included. The
clinical target volume (CTV) was the GTV + 1 cm. It was
permissible to reduce the CTV margin to 0.5 cm around
natural barriers to tumor growth such as uninvolved skull.
The planning target volume (PTV) was the CTV + 3 to
5 mm, depending on the daily RT localization method
and reproducibility. A planning risk volume (PRV) was
defined for each organ at risk (OAR)—this being the OAR
+ 3 mm. OAR dose limits were defined in terms of point
dose (> 0.03 cm?®): lenses 5 Gy, retinae 45 Gy, optic nerves
50 Gy, optic chiasm 54 Gy, and brainstem 55 Gy.

In concept, a PTV accounts for variations in setup and
reproducibility. Thus, altering PTV margins to reduce
OAR dose is not approved in cooperative group trials.
However, in this trial and in the interest of diminishing
side-effect risk in cases for which the absolute benefit of
RT has not been established with Level 1 evidence, a risk-
adaptive modification was permitted. If an OAR was in
immediate proximity to a PTV such that the dose to the
OAR could not be constrained within protocol limits, a
second PTV (termed the PTVygy), could be fashioned.
The PTV,y was defined as the overlap between the PTV
and the particular PRV of concern. If this modification
was undertaken, then it was mandated that the dose to
the PTV y be as close as permissible to 54 Gy while not
exceeding the OAR dose limit. Figure 2 provides an ex-
ample of the use of a PTV . Target volumes and OARs
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GTV
— CTV=GTV +1cm
= PTV=CTV+3to5mm
e PTV

PRY

FIG. 2. Planning CT with OAR, PRV, GTV, CTV, PTV, and PTV,g,
contours for a patient whose WHO Grade Il meningioma surrounded
the anterior optic apparatus. The PTV prescription dose was 54 Gy in
30 fractions. With this example, the PTV g, prescription was lower to
satisfy the optic nerve point dose constraint, while still allowing for the
prescribed 54 Gy to the larger PTV.

were reviewed centrally, but this was accomplished after
treatment completion.

Patient Assessment

Pretreatment evaluation included a history and physi-
cal with a neurological examination, documentation of
steroid use and dosage, documentation of treatment with
other hormonal agents, and MRI. Required MRI sequenc-
es were multiplanar T1-weighted postcontrast and precon-
trast T1- and T2-weighted and FLAIR. All patients were
required to have had MRI within 12 weeks before Step 2
registration. Both pre- and postoperative MRI studies were
required for all newly diagnosed patients. In the setting
of recurrent or progressive meningioma without salvage
surgery, MRI documentation of recurrence or progression
was required. The determination of progression was at the
discretion of the enrolling institution. Postoperative MRI
studies must have been completed within 12 weeks of sur-
gery, although additional confirmatory imaging was per-
mitted so long as initial registration and central pathology
review were completed within 24 weeks of surgery.

A posttreatment clinical assessment was required 1
month after RT, every 3 months for 3 years, and then at
least yearly for 10 years. Mini-Mental State Examination
(MMSE) and documentation of corticosteroid and other
hormonal agent use followed the same schedule. Response
was evaluated according to criteria similar to RECIST
(Response Evaluation Criteria in Solid Tumors), modified
to better apply to meningioma. Continual no evidence of
disease (CNED) was ascribed when there was no measur-
able meningioma, stable disease (SD) when measurable
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tumor remained unchanged or increased in maximum
diameter by less than 20%, and progressive disease (PD)
when tumor increased in any diameter by 20% or more.
Neurological progression was defined as new or progres-
sive neurological deficits without measurable growth; this
was not observed in any patient. Adverse event evaluations
and brain MRI were stipulated at 3 months post-RT, then
at least every 6 months for 3 years, then at least yearly for
10 years.

Statistical Methodology

The primary endpoint of this Phase II trial was PFS
at 3 years (3-year PFS) after registration. For this initial
evaluation, we report the primary endpoint and secondary
endpoints of 3-year OS and AEs. The protocol opened for
enrollment on June 19, 2009. The full study closed on Au-
gust 24, 2012, but accrual to the intermediate-risk cohort
(Group 2) was completed on May 12,2011 (see Fig. 1). The
analysis date for the present report was January 5, 2016.
Findings regarding pathological concordance have been
published separately.*0

Based on historical data, the expected 3-year PFS for
this intermediate-risk cohort was estimated at 70% with
GTR alone and at 90% following GTR + RT.* With a
1-sided significance level of 0.05, a sample of 50 eligible
patients would provide a statistical power of over 95% to
detect the projected 20% absolute increase using a 1-sam-
ple test on proportion, while providing a greater number of
patients for the histopathological and molecular correla-
tive part of the study. The study required the accrual of 55
patients to adjust for a 10% ineligibility rate.

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
free of disease progression. 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. Outcomes were estimated using the Kaplan-Meier
method. Time to tumor progression was calculated using
the cumulative incidence function, with death without pro-
gression treated as the competing risk. The incidence rates
of Grade 2+ acute and late AEs for dermatological/skin,
neurological, and ocular/visual (excluding alopecia) cat-
egories, individually and combined, were reported for all
eligible patients who received protocol treatment. Acute
AEs were defined as AEs that occurred =< 90 days from the
start of RT, and late AEs as those that occurred > 90 days
from the start of RT.

We hypothesized that IMRT would minimize treat-
ment-related late toxicities in the dermatological/skin,
neurological, and ocular/visual categories compared
with 3DCRT. Recognizing that there are no reports of
prospectively collected AEs using NCI (National Can-
cer Institute) Common Toxicity Criteria for meningioma
treated with 3DCRT, we tested the hypothesis of reduced
toxicities following IMRT by prospectively comparing
the late AEs following IMRT in this study with those fol-
lowing 3DCRT in the low-grade glioma patients on NRG
Oncology RTOG 0424, which used the same dose and
fractionation and similar definitions of treatment volume.
Although 3DCRT was allowed for treatment of intermedi-
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ate-risk patients in the present study, it was expected that
80% to 90% of the intermediate-risk patients would be
treated with IMRT. With 40 IMRT-treated patients, only
large differences could be detected with sufficient power.
Therefore, a reduction of 10% or more in the worst over-
all Grade 2+ AEs would be considered as supporting the
hypothesis.

Results

Patient Characteristics, Protocol Enrollment, and
Treatment Delivery

The study was activated in June 2009, and accrual for
the intermediate-risk group was completed in February
2011, 1 year ahead of the projected schedule. Of the 56 pa-
tients enrolled, 52 (92.9%) were eligible and treated with
protocol-specified RT (Fig. 3). Pretreatment and tumor
characteristics for the eligible patients are listed in Table
1. Of these 52 patients, 36 (69.2%) had undergone GTR
for newly diagnosed WHO Grade II meningioma, and 16
(30.8%) had a recurrent WHO Grade I tumor. With the RT
technologies permitted in this study, 44 patients (84.6%)
received IMRT, 8 (15.4%) received 3DCRT, and none were
treated with proton therapy. This is the first NRG Oncol-
ogy RTOG trial of brain cancer treatment with protocol-
specific IMRT parameters. The majority of the patients
were treated per protocol or with acceptable variations. A
PTV,y was used in 19 patients, principally to limit dose
to the optic apparatus. No statistical association was found
between protocol adherence or use of the PTV,y, target
definition option and progression risk.

PFS, 0S, and Local Failure

The median follow-up time for eligible patients still
alive was 3.7 years, with a range from 0.4 to 4.9 years. Of
the 52 eligible patients who received protocol treatment, 4
(7.1%) withdrew less than 3 years after study entry without
disease progression. Based on the 48 patients who were

Enrolled (n=56)

Intermediate-risk meningioma, NRG Oncology RTOG 0539

evaluable for the primary endpoint, the 3-year PFS rate
was 93.8% (p = 0.0003). There was no significant differ-
ence in PFS between the intermediate-risk subgroups of
WHO Grade II with GTR and WHO Grade I with recur-
rent/progressive meningioma (p = 0.52, HR 0.56, 95% CI
0.09-3.35). Within 3 years, 3 patients experienced events
affecting the PFS: 1 patient with WHO Grade II menin-
gioma died of disease, 1 patient with WHO Grade II me-
ningioma had disease progression and remained alive,
and 1 patient with recurrent WHO I meningioma died of
undetermined cause without disease progression. Neither
median PFS nor median survival time was reached, with
a 3-year PFES rate of 93.8% and a 3-year OS rate of 96.0%.
The respective Kaplan-Meier PFS and OS curves are
shown in Figs. 4 and 5.

Two patients experienced local failure within 3 years;
both had WHO Grade II tumors that were treated with
GTR. This corresponds to a 3-year local failure rate of
4.1%. After 3 years, 2 additional patients experienced dis-
ease progression; one had a recurrent WHO Grade I me-
ningioma, and the other a newly diagnosed WHO Grade
II tumor. Both remain alive as of this writing. The cumula-
tive incidence curve for time to local failure is shown in
Fig. 6. Of the 4 patients with progression, 3 were treated
with re-resection and systemic therapy; for the remaining
patient, no off-protocol therapy was reported following
progression.

Adverse Events

According to the prespecified analysis of treatment-re-
lated AEs (dermatological/skin, neurological, and ocular/
visual) definitely, probably, or possibly related to proto-
col treatment, reported AEs were limited to Grade 1 or 2,
and there were no Grade 3 events or higher. In particular,
with respect to acute AEs, 5 patients (10.9%) experienced
Grade 2 AEs and 10 (21.7%) experienced Grade 1 AEs
as the AEs of highest grade. Regarding late AEs with the
same reported relationship to protocol treatment, 13 pa-

Excluded (n=4)

Treated on Protocol (n=52)
* 36 (69%) WHO Il GTR
+ 16 (31%) recurrent WHO |

> * not meeting inclusion criteria

(n=3)

Withdrew before 3 years (n=4)

Evaluable for primary endpoint,
3-year PFS (n=48)

* Each without recurrence

FIG. 3. CONSORT diagram for the intermediate-risk group (Group 2).
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TABLE 1. Patient and tumor characteristics in 52 cases in which

patients received the protocol treatment

» CONTINUED FROM PREVIOUS COLUMN

TABLE 1. Patient and tumor characteristics in 52 cases in which
patients received the protocol treatment

Characteristic Group 2

Age (years) Characteristic Group 2
<50 20 (38.5) Histologyt (continued)

250 32 (61.5) At recurrence (continued)

Sex WHO Grade Il 1(1.9)
Male 20 (38.5) WHO Grade Ill 0(0.0)
Female 32 (61.5 Identified by imaging only 13 (25.0)

Race Lateralization of tumor
American Indian/Alaska Native 1(1.9) Right 20 (38.5)
Asian 1(1.9) Left 25 (48.1)
Black or African American 4(7.7) Bilateral 7(13.5)
Native Hawaiian or other Pacific Islander 0(0.0) Unknown 0(0.0)
White 44 (84.6) Data are numbers of cases or patients (%) unless otherwise indicated.
Unknown or not reported 2(3.8) * Simpson resection grades are per enrolling institution.

Ethnicity t WHO grades are per central review.

Hispanic or Latino 4(7.7)
Not Hispanic or Latino 45 (86.5) tients (25.5%) and 7 patients (13.7%) experienced Grade
Unknown (individuals not reporting ethnicity) 3(5.8) 2 and Grade 1 AEs, respectively, as the AEs of highest

Pretreatment Zubrod Performance Status grade. Of the 13 patients with late Grade 2 AEs, 1 was
0 39 (75.0) dermatological and 12 were neurological. Some patients
1 13 (25.0) with Grade 2 neurological AEs experienced more than 1

: _ AE. The most commonly reported late Grade 2 neurologi-

Pretreatment neurological function cal events were seizure (n = 6), speech disorder (n = 3),
No symptoms 27 (51.9) depression (n = 3), trigeminal nerve disorder (n = 2), olfac-
Minor symptoms 21 (40.4) tory nerve disorder (n = 2), peripheral sensory neuropathy
Moderate symptoms 4(7.7) (n = 2), memory impairment (n = 2), and dizziness (n = 2).

Status of tumor Some patients with Grade 1 late AEs experienced more
Initial diagnosis 36 (69.2) than 1 AE as well. Seven patients had Grade 1 late AEs,

but the total number of AEs they experienced was 15: 2
Recurrent 16 (30.8) d . - .
- - ermatological, 6 ocular/visual, and 7 neurological. The

Extent of resection (Simpson grade)” most common Grade 1 neurological events, in descend-
Atinitial surgery ing order of likelihood, were dizziness, memory impair-

Grade | 7(13.5) ment, peripheral sensory neuropathy, and peripheral motor
Grade Il 17 (32.7) neuropathy. The most common ocular/visual events were
Grade Ill 8 (15.4) blurred vision, flashing vision, dry eye, and diplopia.
Grade IV 2(38) For AEs with any relationship to protocol treatment,
Unknown 2(38) the reported hlghest—grade AE was Grade 1 in 4 patients
(7:7%), Grade 2 in 35 (67.3%), and Grade 3 in 8 (15.4%).
At recurrence There were no reported Grade 4 or 5 events. Among the
Grade | 0(0.0) reported Grade 3 AEs, 3 patients had auditory complaints
Grade Il 0(0.0) without categorical evidence of audiometric loss, 2 had
Grade Ill 0(0.0) neurological complaints, 1 had pain, 1 developed infec-
Grade IV 3(5.8) tion, 1 reported skin complaints, and 1 had gastrointestinal
- e b o symptoms.
Histolgigay%rnws by imaging only 13250 Functional outcomes were measured by Zubrod Perfor-
R mance Status, Mini-Mental State Examination (MMSE),
Atinitial surgery and neurological function score. The distributions of these
WHO Grade | 2(3.8) outcomes at baseline, end of RT, and Year 3 are shown in
WHO Grade Il 32 (61.5) Table 2. For each of these measures, the majority of the
WHO Grade Il 1(1.9) patients had either stable or improved status at the end of
Unknown 1(1.9) RT and Year 3.
At recurrence . .
WHO Grade | 2(38) Intensity-Modulated Radiation Therapy
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We hypothesized that IMRT would minimize late tox-
icity compared with 3DCRT. Recognizing that there are
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FIG. 4. Progression-free survival, determined with progression and/or death as events. The 3-year PFS rate was 93.8% (95% ClI

87.2%-100%).
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FIG. 5. Overall survival. The 3-year OS rate was 96% (95% CI 90.4%-100%).
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FIG. 6. Local failure. The 3-year local failure (LF) rate was 4.1% (95% CI 0.7%-12.5%).

no reports of prospectively collected AEs using NCI Com-
mon Toxicity Criteria for 3DCRT for meningioma, we de-
termined to prospectively test the hypothesis of reduced
IMRT toxicity by prospectively comparing late AEs fol-
lowing IMRT on NRG Oncology RTOG 0539 to 3DCRT
on NRG Oncology RTOG 0424, a high-risk low-grade
glioma study that used the same dose and fractionation
and similar definitions of treatment volume. A reduction
of 10% or more in worst overall Grade 2+ AEs was con-
sidered supportive. Initial results of the NRG Oncology
RTOG 0424 trial have been published,"! with additional
data supplied by NRG Oncology.

Of the 44 intermediate-risk patients who received
IMRT, 43 were evaluable for late AEs. Eleven (25.6%)
of these 43 patients developed Grade 2+ late AEs in the
dermatological/skin, neurological, or ocular/visual realms
that were deemed definitely, probably, or possibly related
to protocol treatment, with 1 patient (2.3%) who experi-
enced a Grade 2 AE in the dermatological/skin realm and
10 patients (23.3%) who had Grade 2 AEs in the neuro-
logical realm. This showed a 17.4% reduction in the rate
of treatment-related Grade 2+ late AEs in those categories
with IMRT (Table 3). According to the statistical design
described above, these results are considered supportive of
the hypothesis that IMRT minimizes late toxicity.

Discussion

Meningiomas are the most frequently reported primary
intracranial neoplasms, accounting for 36.1% of intracra-
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nial tumors, compared with 15.4% for glioblastomas and
28.4% for all gliomas.* The identification of meningiomas
has been increasing over the last several decades, likely re-
lated to improved imaging and an aging population rather
than actual changes in incidence.’

In older series, approximately 90% of meningiomas
were classified as benign, 5%—10% atypical, and less than
5% anaplastic or malignant.?’ Even in a recent CBTRUS
(Central Brain Tumor Registry of the United States) re-
port, WHO Grade II tumors accounted for only 4.2% of
all newly diagnosed meningiomas.>* That report, however,
was based on a database query and did not include regrad-
ing of pathology specimens. Nevertheless, over its study
period of 20042010, it did document an annual increase
in WHO Grade II meningioma of 3.6%. With improved
adoption of modern WHO standards, an increased inci-
dence of WHO Grade II histology and improved correla-
tions between histopathology and clinical outcomes have
been documented. Perry and colleagues updated grading
criteria and found that approximately 20%-25% of me-
ningiomas fall into the intermediate prognostic group.’$-*
These grading parameters were adopted by the WHO for
their 2000 criteria.

The 2007 and most recent 2016 WHO criteria have
added brain invasion as a criterion for Grade II. With these
new criteria, the proportion of meningiomas that are clas-
sified as WHO Grade II tumors has increased to approxi-
mately 25%,*# even reaching 35% in a single-institution
report by Pearson et al.> and 30% per Backer-Grgndahl
and colleagues.?
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TABLE 2. Functional outcome scores

Time Point

Measure Baseline Endof RT ~ Year3

Neurological function
No. of cases w/ data available 52 52 42

No symptoms 27 (51.9%) 21 (40.4%) 22 (52.4%)
Minor symptoms 21(40.4%) 26 (50.0%) 9 (21.4%)
Moderate symptoms 4(717%) 3(5.8%) 2(4.8%)
Unknown 0 2(3.8%) 9(21.4%)
MMSE total score
No. of cases w/ data available 52 48 27
Median 30 29 30
Range (min-max) 24-30 23-30 26-30
IQR 28-30 28-30 29-30
Zubrod Performance Status
No. of cases w/ data available 52 52 42
0 39 (75.0%) 35 (67.3%) 26 (61.9%)
1 13(25.0%) 12(23.1%) 4(9.5%)
2 0 1(1.9%) 0
Unknown 0 4(77%) 12 (28.6%)

IQR = interquartile range.

Histopathological grading is a critical element guid-
ing management decisions for patients with meningioma.
Large series have independently confirmed tight associa-
tions between WHO 2000/2007 histopathological grade
and patient outcomes.?*”3137 A secondary analysis from
NRG Oncology RTOG 0539, a comparison of histopatho-
logical concordance between the enrolling institution and
central review, was recently published.** We found a con-
cordance rate of 87.8% for WHO Grade 11, statistically in-
ferior to the concordance for WHO Grades I and III, for
which the rates were, respectively, 93.0% and 93.6% (p <
0.0001). Twenty-two cases were reclassified after central
review. The most common reclassification was from WHO
Grade I at the enrolling institution to WHO Grade II after
central review (9 cases), although 8 WHO Grade II cases
were reclassified as WHO Grade 111, and 2 WHO Grade
IT cases were reclassified as WHO Grade 1. Additionally,
2 cases graded as WHO Grade III by the enrolling institu-
tion were reclassified as WHO Grade II. In only 1 case did
the reclassification not involve WHO Grade II: a tumor
diagnosed as WHO Grade I at the enrolling hospital was
identified as WHO Grade I1I on central review.

These findings indicate that the current meningioma
classification system is largely interpretable and congru-
ous among pathologists at typically large institutions such
as those accruing to this protocol. This was found to be the
case with respect to overall meningioma grade, but sub-
jectivities remain in component elements of grading. For
instance, there was only slight agreement on focal papil-
lary and focal clear cell; fair agreement for focal rhabdoid,
chordoid, and small cells; and moderate agreement on hy-
percellularity, macronucleoli, sheeting, diffuse papillary,
anaplasia, and mitoses = 4 per 10 high-power fields.** The
number of mitoses is a critical element, as it is the most

Intermediate-risk meningioma, NRG Oncology RTOG 0539

TABLE 3. Comparison of CTCAE version 3 Grade 2+ late AEs
from IMRT in RTOG 0539 (meningioma) versus 3DCRT in RTOG
0424 (low-grade glioma)

Variable RTOG 0539 (IMRT) RTOG 0424 (3DCRT)
No. of patients 43 52
AEs (% of patients)
Grade 2+ 25.6 43
Grade 2 25.6 33
Grade 3 0 8
Grade 4 0 2

CTCAE = Common Terminology Criteria for Adverse Events.

common differentiating factor for meningioma grade.
Improvements in concordance may require clarifications
of the criteria exhibiting lower rates of interobserver con-
cordance and the development of biomarkers predictive of
clinical outcome. These are secondary goals of the present
trial, awaiting further data maturity and recurrence events.

For patients with WHO Grade I tumors, a Simpson
Grade I resection is often curative. Control rates drop
somewhat for Simpson Grades II and III, although resec-
tions of Simpson Grades I-1II are often considered gross
total and definitive. With sufficient follow-up, however,
recurrence many years following a GTR is common. Ret-
rospective studies with prolonged follow-up have shown
progression rates of 15%—-40% at 10 years*** and up to
60% at 15 years.** Rates in this range have been confirmed
in more recently published series as well.!*28

Recurrent meningiomas of any grade behave more ag-
gressively than initially diagnosed tumors. After first sal-
vage treatment for a WHO Grade I meningioma, consid-
erably higher rates of subsequent progression have been
reported, particularly after surgery alone.?*30364546 For re-
current Grade I meningiomas treated with re-resection, a
3-year local progression risk of 55%—60% is reported.3*46
Stafford et al. identified a 25% 10-year local progression
risk after initial diagnosis and essentially the same risk at 2
years (24%) after first recurrence.* With specific reference
to sphenoid wing meningiomas involving the optic appa-
ratus, often treated with subtotal resection (STR), Pecle et
al. found a mean interval to first recurrence/progression of
4.4 years, but a considerably shorter mean interval of 14
months from first recurrence to subsequent recurrence or
progression.’* Mehdorn published an experience with 463
patients, noting that first recurrences were found at a mean
of 65 months after surgery, whereas second recurrences de-
veloped at a mean of 34 months after the first occurence.”
This approximates the rates of first recurrence following
gross-total resection of a WHO Grade II meningioma.

With such background data, we formulated an interme-
diate-risk group composed of patients with a newly diag-
nosed gross-totally resected WHO Grade II meningioma
or with a recurrent WHO Grade I tumor irrespective of re-
section extent. These patients formed Group 2 in the trial
and are the subjects of this report. The results we have
observed to date support our decision to include patients
with WHO Grade II tumors that have been gross-totally
resected as well as patients with recurrent WHO Grade 1
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retreatment-free survival. ®Crude 4-year local control after GTR. ¢63% for Simpson Grade | resection, 57% for Simpson Grades |-
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I-IIl. sSimpson Grades | and II; 3 of 57 patients received early adjuvant therapy.

tumors in the intermediate-risk group, albeit with recogni-
tion that few recurrent events have occurred in this com-
bined population to date. Moreover, the results of this pro-
spective study corroborate retrospective analyses, which

44 J Neurosurg Volume 129 « July 2018

suggest that RT should play a role in the management of
intermediate-risk meningioma. Three-year PFS rates from
retrospective reports using WHO 2000-2007 grading cri-
teria are shown in Fig. 7;!414-1622:232634 ipcluded are 10 re-
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ports in which patients were treated with GTR alone and 7
in which they were treated with GTR + RT.

Aghi et al. described 108 patients with atypical menin-
gioma who underwent Simpson Grade I resection, 100 of
whom underwent surgery alone and 8 of whom had sur-
gery and EBRT to a mean RT dose of 60.2 Gy. The 5-year
recurrence with GTR alone was 45%, but 0% with surgery
and RT (p =0.1).! Komotar et al.?® reported 45 patients with
atypical meningioma and a Simpson Grade I to II resec-
tion: 32 (71%) had a GTR alone, and 13 (29%) had a GTR
and RT, median RT dose 59.4 Gy. After GTR alone, 13
patients (41%) had a recurrence at a median of 19 months.
After GTR plus RT, 1 patient (8%) had a recurrence at 52.5
months, for respective 6-year actuarial recurrence risks of
65% versus 20% (p = 0.085).2

Park and colleagues®** analyzed the role of RT following
resection of atypical meningioma in 82 patients. Fifty-six
were treated with initial surgery alone and 27 with sur-
gery followed by RT. The median dose of RT was 61.2 Gy.
Defining GTR as Simpson Grade I to II, they found that
postoperative RT significantly improved PES for the entire
cohort, although not for patients with GTR (p = 0.858).
Three-year PFS was 65% after GTR alone and 71% fol-
lowing GTR + RT, but at 5 years PFS remained 65% with
GTR alone and fell to 53% after GTR + RT.3* This dif-
fers from the other recent reports, perhaps owing in part
to patient selection, in part to the determination of GTR in
their analysis based on the surgeon’s report without the re-
quirement for corroborating postoperative imaging, and in
part to the fact that many of their patients (18 [67%)] of 27)
received RT prior to the incorporation of 3D image-based
treatment planning. Goldsmith and colleagues reported
that CT- and MRI-based treatment planning resulted in
significantly superior tumor control."”

Reports using protons further illuminate outcomes with
larger field RT following STR, and provide information that
may be important for dose-response assessment for WHO
Grade II meningioma. Boskos et al. detailed 24 patients
with high-grade meningioma (79% WHO Grade 1I), typi-
cally following STR. Cause-specific survival at 5 years was
80% with > 60 Gy versus 24% with < 60 Gy (p =0.01), with
a trend toward further improvement with doses > 65 Gy (p
=0.06).> Hug et al. reported on 15 patients treated with 40
to 72 Cobalt Gray Equivalent (CGE). The 5-year local con-
trol rate was 90% with > 60 CGE and 0% with < 60 CGE.”

Stereotactic radiosurgery (SRS) has become standard
in the management of meningioma, and has resulted in fa-
vorable outcomes in the primary or adjuvant treatment of
WHO Grade I or presumed Grade I tumors.* We did not
include SRS as an option with this trial on 4 accounts: 1)
patients with newly diagnosed WHO Grade [ meningioma
were observed even following STR; 2) there was no impe-
tus to include SRS as an option for gross-totally resected
WHO Grade II meningioma because no traditional SRS
target would be available; 3) recurrent WHO Grade I and
newly diagnosed gross-totally resected Grade II menin-
giomas display similar recurrence rates and patterns of
progression;*? and 4) SRS for WHO Grade II meningioma
has met with high rates of recurrence outside the SRS vol-
ume, although in or near (e.g., within 2 cm of) the resec-
tion bed.>*

Intermediate-risk meningioma, NRG Oncology RTOG 0539

Huffmann et al. reviewed 15 patients treated with SRS,
median dose 16 Gy. At 18 to 36 months, crude local con-
trol was 60%. Six (40%) progressed, 1 in field, but all
within the resection bed.'® Choi et al. reviewed 25 patients
with atypical meningioma, median SRS dose 22 Gy in 1-4
fractions. Recurrence occurred in 9: 3 within the targeted
region, 5 elsewhere in the resection bed, and 1 regionally.®
These findings suggest that the appropriate target volume
for atypical meningioma extends beyond the enhancing tu-
mor, and includes the entire resection bed. Future patterns
of failure analyses are needed before definitive guidelines
can be developed.

NRG Oncology RTOG 0539 employed a fractionated
external beam RT (EBRT) dose of 54 Gy in 30 fractions
and found that this was well tolerated, with a favorable AE
profile and no serious AEs. This RT dose was chosen over
a decade ago, at which time arguments against the use of
RT for an intermediate-risk meningioma patient were even
more vociferous than at present. However, we now have a
larger volume of literature to draw from, suggesting, as
described in the aforementioned reports, that higher doses
may provide improved PFS.

EORTC 22042-26042 (accrual completed, pending
publication), a Phase II trial of postoperative RT for pa-
tients with atypical or malignant meningioma, employed
60 Gy following a GTR and added a 10-Gy boost after
STR. The definition of GTR as well as target volumes
were very similar to those used in the present trial (NRG
Oncology RTOG 0539). GTR was defined as Simpson
Grade I-III. RT targets included the resection bed with
any remaining enhancing tumor, with a 10-mm margin
added for subclinical extension, and a planning margin
of 5 mm with conformal or intensity-modulated RT, per-
mitting smaller margins (1-5 mm) if stereotactic methods
were employed. This trial will provide further guidance
regarding dosing for atypical meningioma, especially
once long-term follow-up data are available from both the
EORTC and NRG Oncology RTOG trials and compara-
tive outcomes can be assessed.

Conclusions

NRG Oncology RTOG 0539 has demonstrated that
meningioma patients can be successfully enrolled in large
cooperative group trials. Indeed, accrual was ahead of
schedule. It also shows that patients with intermediate-
risk meningioma have limited risk of local failure (4.1%)
and excellent rates of PFS (93.8%) and OS (96%) at 3
years when treated with RT. Comparison with historical
control data suggests that 3-year PFS for intermediate-
risk patients is better with RT than with observation. The
results of this single-arm study support enrollment to a
definitive, Phase III trial evaluating RT versus observa-
tion following GTR of WHO Grade II meningioma. In
this respect, 2 Phase I1I trials are presently open to enroll-
ment internationally, NRG BN-003 (http://clinicaltrials.
gov/ct2/show/NCT03180268) and the ROAM trial (http:/
roam-trial.org.uk).
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