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Abstract
Purpose: Atypical (World Health Organization [WHO] grade 2) and malignant (WHO grade 3) meningiomas have high rates of local
recurrence, and questions remain about the role of adjuvant radiation therapy (RT) for patients with WHO grade 2 disease. These
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patients frequently require salvage therapy, and optimal management is uncertain given limited prospective data. We report on the
long-term outcomes for patients with atypical and malignant meningiomas treated with surgery and/or RT at our institution.
Methods and Materials: Data were collected through a retrospective chart review for all patients with WHO grade 2 or 3
meningiomas treated with surgery and/or RT at our institution between January 1992 and March 2017. Progression-free survival (PFS)
and overall survival (OS) were described using the KaplanMeier estimator. The outcomes in the subgroups were compared with a log-
rank test. A Cox proportional hazards model was used for the univariable and multivariable analyses of predictors of PFS.
Results: A total of 66 patients were included in this analysis. The median follow-up was 12.4 years overall and 8.6 years among
surviving patients. Fifty-two patients (78.8%) had WHO grade 2 meningiomas, and 14 patients (21.2%) had WHO grade 3 disease.
Thirty-six patients (54.5%) were treated with surgery alone, 28 patients (42.4%) with surgery and adjuvant RT, and 2 patients (3%)
with RT alone. Median PFS and OS were 3.2 years and 8.8 years, respectively. PFS was significantly improved with adjuvant RT
compared with surgery alone (hazard ratio, 0.36; 95% confidence interval, 0.18-0.70). Patients with Ki-67 index >10% showed a trend
toward worse PFS compared with patients with Ki-67 ≤10% (hazard ratio, 0.51; 95% confidence interval, 0.25-1.04). No significant
differences in PFS or OS were observed with respect to Simpson or WHO grade.
Conclusions: For patients with atypical or malignant meningiomas, adjuvant RT was associated with significantly improved PFS, and
Ki-67 index >10% was associated with a trend toward worse PFS. Given the long-term survival, high recurrence rates, and efficacy of
salvage therapy, patients with atypical and malignant meningiomas should be monitored systematically long after initial treatment.
© 2022 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Meningiomas are the most common primary brain
tumor in adults, making up approximately 37% of all
cases.1 The World Health Organization (WHO) classifies
meningiomas into 3 histopathologic categories by grade: 1
(benign), 2 (atypical), and 3 (malignant/anaplastic).2

Since updating these classifications in 2016, grades 2 and
3 meningiomas now account for an estimated 25% to 30%
of these tumors.1,3-5 Compared with benign meningio-
mas, atypical and malignant meningiomas exhibit more
aggressive behavior and have higher rates of local
recurrence.2,6 Surgical resection is the mainstay of treat-
ment, and although adjuvant radiation therapy (RT) is
typically indicated for WHO grade 3 disease, the standard
of care for WHO grade 2 meningiomas after surgery is
not well defined, and recurrence rates remain high.7-13

Initial results from Radiation Therapy Oncology
Group (RTOG) study 0539, the first prospective phase 2
trial for patients with meningioma, demonstrated 3-year
progression-free survival (PFS) of 58.8% after adjuvant
RT in patients with high-risk disease, defined as WHO
grade 3 meningioma after any resection, recurrent WHO
grade 2 disease, or new WHO grade 2 meningioma after
subtotal resection.14 However, the median follow-up in
this study was limited to 4 years (4.8 years for living
patients), and retrospective series with a longer follow-up
may still contribute valuable information to help guide
the management of these patients given the relatively
long natural history for this disease and absence of pro-
spective, randomized trials evaluating adjuvant RT for
meningiomas.

In the current study, we retrospectively analyze out-
comes and predictors of recurrence for all patients with
grade 2 or 3 meningiomas treated at our institution over a
25-year period.
Methods and Materials
Patient selection

We retrospectively reviewed the records of all patients
at our academic center who were treated with surgery
and/or RT for histologically confirmed meningiomas
between January 1992 and March 2017. A total of 423
patients were identified, of whom 66 (15.6%) had WHO
grade 2 or 3 disease and were included in this study. The
remaining 357 patients (84.4%) had WHO grade 1
meningiomas and were excluded. Patients with a previous
WHO grade 1 histology were included in this analysis,
provided they were treated for a grade 2 or 3 recurrence.

All patient data were collected through a retrospective
chart review after prior approval from the institutional
review board. Radiologic studies were initially interpreted
by subspecialty expert neuroradiologists, and radiology
reports were interpreted by radiation oncology resident
physicians and/or faculty. When necessary, radiology
images were personally reviewed by the senior radiation
oncology attending physician with subspecialty expertise
in central nervous system malignancies. Pathology speci-
mens that did not initially have Ki-67 data reported were
collected and reanalyzed when sufficient tissue was
available.
Parameters assessed

Clinical and pathologic variables were recorded,
including age, race, history of ionizing radiation or neuro-
fibromatosis type 2, Eastern Cooperative Oncology Group
performance status, tumor location, treatment type for
initial diagnosis of WHO grade 2 or 3 disease and
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recurrence(s) (surgery, RT, and systemic therapies), WHO
grade, and Mib-1/Ki-67 index. Age at the time of diagnosis
was defined as age at the time of first surgical resection or
biopsy. Tumor location was classified as parasagittal/falcine,
convexity, suprasellar, sphenoid ridge, posterior fossa, olfac-
tory groove, middle fossa/Meckel’s cave, tentorial/pineal,
peritorcular, optic nerve sheath, and clival. Extent of resec-
tion (Simpson grade) was determined based on a review of
operative notes and postoperative imaging.

RT was considered adjuvant if delivered ≤4 months after
surgery and salvage if delivered beyond 4 months after histo-
logic and/or radiographic evidence of progression or recur-
rence. Given changes in RT techniques, equipment, and
practice patterns at our institution, treatment courses were
categorized into 3 eras for subgroup analysis: pre-2001, 2001
to 2008, or 2009 to 2017. These eras corresponded to con-
ventional external beam RT and 3-dimensional techniques;
fractionated stereotactic RT (FSRT) in a relocatable head-
frame and 3-dimensional or intensity modulated treatment
plans or single-fraction stereotactic radiosurgery (SRS) in a
halo using dynamic-conformal arcs (both using 3-mm leaf-
width collimator attachment); and image guided RT using a
relocatable thermoplastic face mask (BrainLAB, Munich,
Germany), daily image guidance with kV imaging, and/or
cone beam computed tomography on a dedicated linear
accelerator equipped with an integral high-resolution colli-
mator (Novalis Tx or TrueBeam STx, Varian Medical Sys-
tems, Palo Alto, CA), respectively.

In this third group, the treatment of choice was typically
hypofractionated SRS or FSRT using an intensity-modulated
technique. The gross tumor volume during all these periods
was based on the resection cavity and/or residual/recurrent
enhancing tumor volume on magnetic resonance imaging.
However, to limit normal tissue toxicity, the clinical target
volume (CTV) evolved from a uniform 1 cm expansion of
the gross tumor volume with an additional CTV-to-plan-
ning target volume expansion of 3 to 4 mm during the initial
period to an anisotropic expansion of 5 to 10 mm in the
plane of the meninges, and 2 to 3 mm expansion perpendic-
ular to this plane into the normal brain parenchyma without
an additional CTV to planning target volume margin.
Statistical analysis

Overall survival (OS) was calculated from the date of
initial treatment (ie, first surgery or initiation of RT) for
grade 2 or 3 disease until the date of death, and was cen-
sored at the last clinical follow-up if the patient was alive
at the time of the analysis. PFS was defined as the time
between initial treatment and disease progression or death
if the patient died without documentation of progression.
If the patient was alive without disease progression at the
last follow-up, PFS was censored.

PFS and OS were described using the Kaplan-Meier
estimator. Outcomes within the subgroups were
compared with a log-rank test. A Cox proportional haz-
ards model was used to analyze predictors of PFS, includ-
ing patient age, WHO grade, and treatment modality
(surgery and adjuvant RT vs surgery alone) in univariable
and multivariable models. Age was included as a continu-
ous variable. The analyses were performed using the SAS
and R statistical packages.
Results
Patient characteristics

A total of 66 patients were treated with surgery and/or
RT for atypical or malignant meningiomas at our institu-
tion between January 1992 and March 2017. The median
follow-up was 12.4 years overall, and 8.6 years (interquar-
tile range [IQR], 5.6-14.5 years) for living patients.
Among all 66 patients, the survival time ranged from 0.32
to 31.6 years, and 56 patients (84.8%) had >24 months of
survival. Among the 52 patients with WHO grade 2 dis-
ease, survival time ranged from 0.56 to 31.6 years, and 46
patients (88.5%) had >24 months of survival. The median
age at the time of diagnosis was 57 years (IQR, 46-70
years), and sex was evenly divided (50% male). Twelve
patients (18.1%) initially had WHO grade 1 meningiomas
that progressed to WHO grade 2 (n = 8) or 3 disease
(n = 4), with a median time of 7.3 years (range, 0.58-25.1
years) between initial WHO grade 1 diagnosis and trans-
formation to WHO grade 2 or 3 disease.

Overall, 52 patients (78.8%) had WHO grade 2
meningiomas, and 14 patients (21.2%) had WHO grade
3 disease. Ki-67 index levels were available for 46 of 66
patients (69.7%), and Ki-67 was elevated >10% in 18 of
these patients (39.1%). The remainder of the pathology
specimens did not have sufficient tissue for Ki-67
analyses. The majority of patients had a good per-
formance status, including an Eastern Cooperative
Oncology Group score of 0 for 8 patients (13.1%), 1 for
30 patients (49.2%), 2 for 9 patients (14.8%), 3 for
12 patients (19.7%), and 4 for 2 patients (3.3%). The
most common presenting symptoms were headache
(36.3%), seizures (24.2%), weakness (24.2%), confusion
(22.7%), vision change (18.1%), and ataxia (16.7%).

Thirty-six patients (54.5%) were treated with surgery
alone, 28 patients (42.4%) with surgery and adjuvant RT,
and 2 patients (3%) with RT alone for unresectable dis-
ease. Patients receiving adjuvant RT were treated with
fractionated RT to a median dose of 55.8 Gy (IQR, 54-
59.4 Gy) in 1.8 Gy per fraction. For patients treated with
RT alone for unresectable disease, 1 patient was treated
with single-fraction SRS to 15 Gy in 1994, and the second
patient was treated with FSRT to 59.4 Gy in 33 fractions
in 2013. Among those treated with surgery without adju-
vant RT, 2 patients (5.6%) received adjuvant systemic
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therapy: one patient received single-agent temozolomide,
and the other received temozolomide and etoposide.
Among those who were treated with adjuvant RT, 4
patients (14.2%) received concurrent temozolomide.
Baseline patient characteristics are shown in Table 1.

There were no significant differences in baseline char-
acteristics between patients treated with surgery alone
versus surgery with adjuvant RT. However, there was a
trend toward more subtotal resections (STR; Simpson
grade 4) in the adjuvant RT group (66.7% vs 41.4%;
P = .066) compared with the surgery-alone group.
Progression-free survival

With 45 of 66 patients (68.1%) having experienced dis-
ease recurrence/progression, median PFS among all 66
patients was 3.2 years (95% confidence interval [CI], 2.2-
5.6 years). The 2-, 5-, and 10-year PFS rates were 65.0%,
38.4%, and 23.2%, respectively (Fig 1A). Patients treated
with surgery and adjuvant RT had significantly longer
PFS compared with patients treated with surgery alone
(median, 5.9 vs 2.1 years; hazard ratio [HR], 0.36; 95% CI,
0.18-0.70). Three-year PFS rates for patients treated with
surgery and adjuvant RT and those treated with surgery
alone were 66.1% and 39.2%, respectively. For patients
treated with surgery and adjuvant RT compared with sur-
gery alone, the 2-, 5-, and 10-year PFS rates were 81.6%
versus 52.3%, 57.7% versus 24.9%, and 37.7% versus
12.4%, respectively (Fig 1B).

PFS did not differ significantly for patients with WHO
grade 2 versus 3 meningiomas. The median PFS for
patients with WHO grade 2 meningiomas was 3.2 years,
and the median PFS was not reached for patients with
WHO grade 3 disease (HR, 0.49; 95% CI, 0.19-1.26). For
patients with WHO grade 2 compared with grade 3 dis-
ease, the 2-, 5- and 10-year PFS rates were 62.8% versus
74.1%, 35.4% versus 52.9%, and 15.9% versus 52.9%,
respectively (Fig 1C). Patients with Ki-67 index >10%
showed a trend toward worse PFS compared with patients
with Ki-67 ≤10% (median, 2.1 vs 2.9 years; P = .06). For
patients with elevated Ki-67 compared with those with
values ≤10%, the 2- and 5-year PFS rates were 59.3% ver-
sus 57.1% and 17.8% versus 45%, respectively (Fig E1A).
There were no significant differences in PFS among the 3
eras in which patients received RT (Fig E1B), transforma-
tion status (Fig E1C), or Simpson grade (Fig E1D).

For patients with WHO grade 2 disease, patients
treated with surgery and adjuvant RT compared with sur-
gery alone, the 2-, 5-, and 10-year PFS rates were 55.7%
versus 75.0%, 28.3% versus 49.5%, and 14.1% versus
22.6%, respectively (Fig 2A). For patients with WHO
grade 2 disease and Ki-67 index ≤10% compared with
>10%, the 2-, 5-, and 10-year PFS rates were 52.4% versus
60.0%, 42.3% versus 20.0%, and 19.0% versus 0%, respec-
tively (Fig 2B). For patients with WHO grade 2 disease
undergoing gross total resection (GTR; Simpson grades 1-
3) compared with STR (Simpson grade 4), the 2-, 5-, and
10-year PFS rates were 70.8% versus 60.9%, 48.3% versus
30.4%, and 32.2% versus 13.0%, respectively (Fig 2C). No
significant differences were observed between any of these
groups.

In the multivariable analysis (Table 2), only age was
associated with worse PFS (HR, 1.56; 95% CI, 1.19-2.05).
PFS was not significantly associated with WHO grade
(2 vs 3; HR, 0.74; 95% CI, 0.32-1.74) or use of adjuvant
RT (yes vs no; HR, 0.58; 95% CI, 0.28-1.2).
Overall survival

At the time of the analysis, 31 of 66 patients (47.0%)
were alive. The median OS for all patients was 8.8 years
(95% CI, 6.7 years-not estimable). The 2-, 5-, and 10-year
OS rates were 84.8%, 67.9%, and 44.3%, respectively
(Fig 3A). Patients treated with surgery and adjuvant RT
compared with surgery alone had a median OS of
10.0 years versus 6.8 years (P = .30). For patients treated
with surgery and adjuvant RT compared with surgery
alone, the 2-, 5-, and 10-year OS rates were 89.3% versus
80.6%, 71.2% versus 66.3%, and 48.6% versus 41.3%,
respectively (Fig 3B). No significant differences in OS
were observed with respect to WHO grade (Fig 3C), Ki-
67 index (Fig E2A), RT era (Fig E2B), transformation sta-
tus (Fig E2C), or Simpson grade (Fig E2D).
Local recurrence and salvage therapy

At the time of the analysis, 45 of 66 patients (68.1%)
had received salvage treatment after recurrence. Thirty-
two patients (71.1%) underwent salvage surgery, 38
patients (84.4%) underwent salvage RT, and 24 patients
(53.3%) received systemic therapy. The median number
of recurrences overall was 2 per patient (range, 1-9), with
a median of 1 salvage surgery (range, 0-7) and median of
1 course of salvage RT (range, 0-6). For those treated with
salvage RT, 11 patients (28.9%) received SRS (median
dose, 15 Gy; IQR, 14-25 Gy), 19 patients (50%) received
FSRT (median dose, 54 Gy; IQR, 54-57.45 Gy), and 8
patients (21.1%) received both SRS and FSRT for multiple
recurrences.

Among the 24 patients treated with salvage systemic
therapy, 16 (66.7%) received bevacizumab, 13 (54.2%)
temozolomide, 12 (50%) hydroxyurea, 7 (29.1%) imatinib,
4 (14.2%) octreotide, 4 (14.2%) etoposide, and 3 (12.5%)
somatostatin. Among the 45 patients who received salvage
therapy, 27 (60%) remained alive at the time of the
analysis.



Table 1 Baseline patient characteristics

All Patients
Initial Therapy*

Total
(N = 66)

Surgery
(n = 36)

Surgery + RT
(n = 28) P-valuey

Sex, n (%) .0831z

Male 33 (50.0) 14 (38.9) 17 (60.7)

Female 33 (50.0) 22 (61.1) 11 (39.3)

Race, n (%) .5332z

Black 10 (15.2) 7 (19.4) 3 (10.7)

White 46 (69.7) 22 (61.1) 22 (78.6)

Hispanic 1 (1.5) 1 (2.8) 0 (0.0)

Asian 1 (1.5) 1 (2.8) 0 (0.0)

Unknown 8 (12.1) 5 (13.9) 3 (10.7)

Age, y .5114y

n 66 36 28

Mean (standard deviation) 54.6 (18.22) 53.5 (19.36) 56.8 (15.91)

Median (interquartile range) 57.0 (46.0-70.0) 53.5 (41.0-69.5) 60.0 (49.0-69.5)

Range 10.0-87.0 10.0-87.0 20.0-78.0

Transformed (World Health Organization grade 1-2 or 3), n (%) .1463y

No 54 (81.8) 27 (75.0) 25 (89.3)

Yes 12 (18.2) 9 (25.0) 3 (10.7)

World Health Organization grade, n (%) .2531y

2 52 (78.8) 30 (83.3) 20 (71.4)

3 14 (21.2) 6 (16.7 8 (28.6)

Simpson grade, n (%) .0664y

1/2 25 (47.2) 17 (58.6) 8 (33.3)

3 0 (0.0) 0 (0.0) 0 (0.0)

4 28 (52.8) 12 (41.4) 16 (66.7)

N/A 13 7 4

MIB-11/Ki-67, n (%) .3932y

≤10% 28 (60.9) 13 (54.2) 14 (66.7)

>10% 18 (39.1) 11 (45.8) 7 (33.3)

N/A 20 12 7

Eastern Cooperative Oncology Group score, n (%) .3397y

0 8 (13.1) 6 (17.6) 2 (8.0)

1 30 (49.2) 17 (50.0) 12 (48.0)

2 9 (14.8) 5 (14.7) 4 (16.0)

3 12 (19.7) 4 (11.8) 7 (28.0)

4 2 (3.3) 2 (5.9) 0 (0.0)

N/A 5 2 3

RT type, n (%)

Stereotactic radiosurgery 2 (6.9) 0 (0.0) 2 (7.4)

Fractionated stereotactic RT 27 (93.1) 0 (0.0) 25 (92.6)

(continued on next page)
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Table 1 (Continued)

All Patients
Initial Therapy*

Total
(N = 66)

Surgery
(n = 36)

Surgery + RT
(n = 28) P-valuey

N/A 37 36 1

RT era, n (%)

Before 2001 10 (33.3) 0 (0.0) 9 (32.1)

2001-2008 8 (26.7) 0 (0.0) 7 (25.0)

2009-present 12 (40.0) 0 (0.0) 12 (42.9)

N/A 36 36 0

Follow-up time (living patients) 0.6073z

n 31 15 16

Mean (standard deviation) 11.4 (6.95) 12.9 (8.42) 10.0 (5.11)

Median (interquartile range) 8.6 (5.6-14.5) 12.0 (5.0-19.8) 8.2 (7.4-13.1)

Range 3.5-31.6 3.5-31.6 3.7-22.4

Abbreviations: N/A, not available; RT, radiation therapy.
* Two patients were treated with RT alone.
y Kruskal-Wallis test P value.
z2 test P value.
Statistical comparisons are between surgery and surgery + RT groups.

Fig. 1 Progression-free survival (A) for all patients and (B) by initial treatment and (C) World Health Organization
(WHO) grade.
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Fig. 2 Progression-free survival for patients with World Health Organization grade II meningiomas by (A) initial treat-
ment, (B) Ki-67 index level, and (C) Simpson grade.
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Discussion

In this retrospective study, we analyzed the outcomes
of 66 patients with WHO grade 2 to 3 meningiomas
treated with surgery and/or RT at our institution between
1992 and March 2017. In this cohort with a median fol-
low-up of 12.4 years, the median PFS and OS were 3.2
and 8.8 years, with 10-year PFS and OS rates of 23.2%
and 44.3%, respectively. To our knowledge, this is the lon-
gest follow-up of any published series for patients with
atypical and malignant meningiomas. We observed signif-
icantly improved PFS in patients who received adjuvant
RT compared with those treated with surgery alone,
and there was a trend toward worse PFS in patients with
Table 2 Univariable and multivariable Cox proportional hazar

Variable
Univariable analys
(95% confidence i

Age (1 unit = 10 y*) 1.475 (1.138-1.912

World Health Organization grade 3 vs 2 1.136 (0.51-2.531)

Surgery + radiation therapy vs surgery 0.686 (0.337-1.398

* Age has been modeled as a continuous variable. However, in this analysis, a
1-year but 10-year change in age.
Ki-67 index >10%. Forty-five patients (68.1%) were
treated with salvage therapy for a total of 144 recurrences.
Importantly, despite the high rates of recurrence, many
patients tolerated multiple salvage therapies and exhibited
long median OS of nearly 9 years.

Despite the aggressive nature and high rates of recur-
rence for atypical and malignant meningiomas, optimal
management remains uncertain, particularly for WHO
grade 2 disease. Surgery is the mainstay of treatment, but
questions remain about the role of adjuvant RT, especially
in the setting of GTR. Identifying the optimal treatment
paradigm suffers from a lack of randomized data for these
patients, and most published studies are small, retrospec-
tive series with limited follow-up. The first prospective
ds analyses for progression-free survival

is, hazard ratio
nterval)

Multivariable analysis, hazard ratio
(95% confidence interval)

) 1.562 (1.189-2.054)

0.743 (0.318-1.739)

) 0.576 (0.28-1.185)

ge has been parameterized so that a 1-unit change does not represent a



Fig. 3 Overall survival for (A) all patients and (B) by initial treatment and (C)World Health Organization (WHO) grade.
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trial in this patient population, RTOG 0539, recently
reported initial outcomes for patients stratified by low-,
intermediate-, or high-risk meningiomas. Intermediate-risk
disease included WHO grade 2 meningiomas after GTR or
recurrent WHO grade 1 meningioma, and these patients
were treated with adjuvant RT to 54 Gy.15 High-risk patients
included those with recurrent WHO grade 2 meningiomas
after STR orWHO grade 3 meningiomas after any resection,
and these patients were treated with adjuvant RT to 59.4 Gy.
With a median follow-up of 4.0 years (4.8 years for living
patients), patients with high-risk meningiomas had a 3-year
PFS of 59.2% and 3-year OS of 78.6%.14

Our current retrospective study results are consistent
with those from RTOG 0539, because we observed a 3-
year PFS rate of 66.1% for patients treated with surgery
and adjuvant RT and 39.2% for patients treated with
surgery alone. These results are also consistent with the
prospective, phase 2 EORTC 22942 study, which demon-
strated that patients with WHO grade 2 meningiomas
treated with adjuvant RT (60 Gy) have a 3-year PFS rate
of 70%.16 Overall, we observed 2- and 5-year PFS rates of
65.0% and 38.4%, respectively, and 2- and 5-year OS rates
of 84.8% and 67.9%, respectively. Among patients who
received adjuvant RT at our institution, the 2- and 5-year
PFS rates were 81.6% and 57.7%, respectively, and the 2-
and 5-year OS rates were 89.3% and 71.2%, respectively.
Our study demonstrated significantly improved PFS in
patients who received adjuvant RT compared with
patients treated with surgery alone (median, 5.9 vs 2.1
years; P = .0017), which is consistent with the results
from other series.7,10,11,17-22 In the largest and most recent
of these series, Lee et al reported significantly higher
recurrence rates in patients with atypical meningiomas
treated with surgery alone compared with surgery and
adjuvant RT, with a median time to recurrence of 1.9 ver-
sus 4.5 years.17 Two large studies using data from the
National Cancer Database also reported improved OS
with adjuvant RT for WHO grade 2 meningiomas.23,24

Wang et al examined 2515 patients treated for atypical
meningiomas, and found that adjuvant RT improved OS
compared with no RT among patients undergoing STR
(adjusted HR, 0.59; P = .045), but there was no survival
benefit with adjuvant RT in patients who received GTR.23

However, other studies have reported conflicting results,
indicating no benefit to adjuvant RT in these patients.25,26

Hardesty et al reported the results from 228 patients
undergoing surgery for atypical meningiomas with a
median follow-up of 52 months. The recurrence rate for
patients who received adjuvant RT was 21%, with no dif-
ference between these patients and those treated with sur-
gery alone (recurrence rate: 0.717; P = .45 for intensity
modulated RT; recurrence rate: 1.27; P = .55 for SRS).25
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Although the majority of series are limited to patients
with atypical meningiomas, 2 studies have reported the
long-term outcomes for patients with WHO grade 2 or 3
meningiomas treated with RT.27,28 In a retrospective
study of 85 patients, Adeberg et al reported 2- and 5-year
PFS rates of 95% and 50% for atypical and 63% and 13%
for anaplastic meningiomas treated with RT.28 Pasquier
et al reported similar outcomes for 119 patients treated
with RT for WHO grade 2 or 3 disease, with 5- and 10-
year disease-free survival rates of 58% and 48%,
respectively.27

Our study also demonstrated a trend toward worse
PFS in patients with Ki-67 index >10% (median, 2.1 vs
2.9 years; P = .06), which is consistent with the results of
multiple other series.29-33 In the current study, patients
with elevated Ki-67 index >10% had 2- and 5-year PFS
rates of 59.3% and 17.8%, respectively. Barrett et al evalu-
ated the pathologic predictors of local recurrence in 97
patients with atypical meningiomas after GTR, and dem-
onstrated that patients with Ki-67 >10% had significantly
worse 3-year local recurrence rates of 34% versus 17.1%
(P = .018).29 Similarly, Kim et al showed Ki-67 index to
be a strong predictor of treatment failure in patients
treated for atypical or malignant meningiomas, with 5-
year recurrence rates of 38% versus 8% for patients with
Ki-67 ≥3% and <3%, respectively (log rank test:
P = .002).30 Although our study only showed a trend
toward worse PFS with elevated Ki-67, this is likely due to
being underpowered to show this difference. Ki-67
remains a valuable prognostic marker to consider when
determining the optimal treatment approach for these
patients.

Surprisingly, we did not find any significant differences
in PFS or OS based on WHO grade. For patients with
WHO grade 2 compared with grade 3 meningiomas, the
median PFS was 3.2 years and not reached, respectively
(P = .13), and the median OS was 8.8 versus 11.1 years,
respectively (P = .84), which is likely due to the small sam-
ple size, resulting in too few patients to detect a difference.
This result is in contrast with those of numerous studies
that have demonstrated higher rates of recurrence and
worse OS for malignant meningiomas compared with
atypical.2,28,34,35 In a retrospective analysis of 85 patients
treated with RT for WHO grade 2 (n = 62) or 3 (n = 23)
meningiomas, Adeberg et al reported that a higher grade
was associated with worse 5-year PFS (50% vs 13%;
P = .017) and 5-year OS (81% vs 43%; P = .022).28 In con-
trast, Pasquier et al analyzed 115 patients treated with RT
for WHO grade 2 (n = 82) or 3 (n = 37) meningiomas,
and found no difference in disease-free survival or OS by
grade, which is similar to the results in our current study.27

Although these retrospective studies, along with RTOG
0539, provide valuable information, no randomized pro-
spective data exist to guide the management of patients
with high-risk atypical or malignant meningiomas. The
ongoing ROAM/EORTC-1308 and NRG-BN003 trials are
evaluating adjuvant RT versus observation for patients
with atypical meningiomas after GTR.36,37 Additionally,
we await longer-term follow-up date from the prospective
RTOG 0539 trial of patients with high-risk meningiomas.
Until these data are available, retrospective studies (includ-
ing our current study, which reports the longest follow-up
to date in this patient population) are critical to provide
guidance for the optimal treatment of these patients.

Our study has several limitations. First, its retrospective
nature inevitably introduces biases, including selection
bias. Patients likely received more aggressive therapy, such
as adjuvant RT, for perceived higher-risk disease. Next,
although the study size of 66 patients is larger than that of
most series evaluating this patient population, these num-
bers are still fairly small, resulting in a limited statistical
power for subgroup analyses. Finally, the WHO classifica-
tion system has changed over the years (2000, 2007, 2016),
and our data are reported based on the classification at the
time of the diagnosis. A portion of our patients may fall
into different classifications using the most updated ver-
sion, and some patients with benign meningiomas under
the older systems possibly would be categorized as having
a higher grade today. Molecular characterization of
meningiomas should contribute to more rational risk
stratification, and may yield insights into optimized and
novel therapeutic approaches.38 Thus, future prospective
studies of WHO grade 2 and 3 meningiomas should char-
acterize, report, and analyze the molecular characteristics
of these tumors, in addition to the patient, treatment, and
histologic parameters. Finally, quality of life and neurocog-
nition were not systematically measured during this study,
and measuring longitudinal changes in quality of life and
neurocognition would have been informative, because the
target volumes have evolved over the past 25 years.
Conclusion
This study with long-term follow-up demonstrates
high rates of recurrence for atypical and malignant
meningiomas, with significantly prolonged PFS with the
addition of adjuvant RT to surgical resection. Elevated Ki-
67 index was associated with a trend toward worse PFS,
and warrants investigation as a prognostic marker in pro-
spective studies. Given the long-term survival and efficacy
of salvage therapy in this cohort, patients with atypical or
malignant meningiomas should be monitored systemati-
cally long after initial treatment.
Supplementary materials
Supplementary material associated with this article can
be found in the online version at https://doi.org/10.1016/j.
adro.2021.100878.
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