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Object. Atypical (WHO Grade II) meningiomas comprise a heterogeneous group of tumors, with histopathology
delineated under the guidance of the WHO and a spectrum of clinical outcomes. The role of postoperative radio-
therapy for patients with atypical meningiomas who have undergone gross-total resection (GTR) remains unclear. In
this paper, the authors sought to clarify this role by reviewing their experience over the past 2 decades.

Methods. The authors retrospectively analyzed all patients at their institution who underwent GTR between
1992 and 2011 with a final histology demonstrating atypical meningioma. Information regarding patients, tumor
characteristics, and postoperative adjuvant therapy was gleaned from medical records. Time to recurrence and overall
survival were analyzed using univariate, multivariate, and Kaplan-Meier survival analyses.

Results. Forty-five patients who met the inclusion criteria underwent GTR for atypical meningiomas. By a me-
dian follow-up of 44.1 months, 22% of atypical meningiomas had recurred. There was no recurrence in 12 (92%) of
13 patients who received postoperative radiotherapy or in 19 (59%) of 32 patients who did not undergo postoperative
radiotherapy (p = 0.085), demonstrating a strong trend toward improved local control with postoperative radiothera-
py. No other factors were significantly associated with recurrence in univariate or multivariate analyses.

Conclusions. This retrospective series supports the observation that postoperative radiotherapy likely results in
lower recurrence rates of gross totally resected atypical meningiomas. Although a multicenter prospective trial will
ultimately be needed to fully define the role of radiotherapy in managing gross totally resected atypical meningiomas,
the authors’ results contribute to a growing number of series that support routine postoperative radiotherapy as an
adjuvant treatment for these lesions.

(http://thejns.org/doi/abs/10.3171/2012.7 JNS112113)
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20%-35% of all meningiomas and represent an

intermediate subtype between benign and ana-
plastic meningiomas in the WHO classification 334047
Although benign meningiomas (WHO Grade I) are gen-
erally slow growing and have a low recurrence rate af-
ter GTR,®# atypical meningiomas are more locally ag-
gressive and demonstrate more rapid tumor progression,
with 5-year recurrence rates of approximately 40% in
the literature in the absence of postoperative radiothera-

ﬁ TYPICAL meningiomas are reported to account for

Abbreviations used in this paper: GTR = gross-total resection; OS
= overall survival; PFS = progression-free survival.
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py.3203+3 Atypical meningiomas are also associated with
significantly increased mortality. Although GTR, when
possible, is widely accepted to be the standard of care for
benign meningiomas, a purely neurosurgical approach
may be inadequate for atypical meningiomas.

The role of postoperative radiotherapy as a standard
adjuvant treatment after GTR of atypical meningiomas
remains controversial."'>?® Some evidence that a major-
ity of atypical meningiomas exhibit an intact pS3 system
suggests a radiation-sensitive phenotype and, consequent-
ly, a role for adjuvant radiotherapy.’?>3¢ There has been
support for early postoperative stereotactic radiotherapy
in the majority of patients with atypical meningiomas to
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prevent progression and recurrence, although evidence
for this position comes mainly from small, retrospective
case series.lI718:32.33.3842° A recent case series suggested
that the addition of postoperative radiation therapy may
be associated with lower recurrence rates regardless of
the extent of initial resection.! Our study aimed to further
characterize the efficacy of postoperative radiotherapy
in the prevention of recurrence and death after GTR of
atypical meningiomas.

Methods

A retrospective analysis was undertaken of all patients
at Memorial Sloan—Kettering Cancer Center who under-
went resection of atypical meningiomas between 1992 and
2011. This study was approved by Memorial Sloan—Ketter-
ing Cancer Center’s institutional review board. Patient de-
tails were recorded, including sex, age at diagnosis, tumor
diameter and location, operative characteristics, recurrence
details, use of postoperative radiotherapy, and duration of
follow-up. The majority of patients were treated with pri-
mary resection at our institution, although 5 patients un-
derwent resection of a recurrent tumor, and 1 patient re-
ceived whole-brain radiotherapy for acute lymphoblastic
leukemia 16 years prior to surgery. A diagnosis of atypical
meningioma was confirmed by histological examination of
operative specimens in conjunction with imaging findings,
operative appearance, and medical notes. Outcomes were
also noted, including postoperative radiotherapy, recur-
rence, postrecurrence treatment, and survival. Gross-total
resection was determined in all patients by postoperative
MRI in conjunction with the surgeon’s impression intra-
operatively and corresponds to Simpson Grade I and II
excisions. In accordance with previous reports,' tumors
were divided into the following categories: 1) convexity; 2)
parasagittal/falcine; 3) sphenoid ridge; 4) posterior fossa;
5) midline anterior fossa (for example, olfactory groove,
planum sphenoidale, and tuberculum); or 6) other catego-
ries according to their anatomical location, as identified by
neuroradiology. Exclusion criteria included postoperative
follow-up shorter than 2 months (2 patients) and patient
death before postoperative imaging or recurrence (5 pa-
tients).

Time to recurrence was measured from the date of
GTR to the date of radiological evidence of recurrent dis-
ease, which was determined via Gd-enhanced MRI in all
cases. The median follow-up was measured from the date
of GTR. Patients underwent follow-up until an end point
of recurrence for PFS analysis; patients lost to follow-
up or death were censored at the date of last imaging or
death. An end point of death was used for OS analysis
with cases lost to follow-up censored at the date of last
review.

Statistical Analysis

Univariate Cox proportional hazards models and
multivariate Cox regression analysis were used to identify
risk factors for recurrence. Time to recurrence and time
to death were estimated using the Kaplan-Meier method
and compared among variables using a log-rank test. A p
value = 0.05 was considered statistically significant, and

680

R. J. Komotar et al.

SPSS software was used for all statistical analyses (ver-
sion 18.0, IBM Corp.).

Patients were simulated with a CT simulator from
1996 onward and with CT guidance prior to that. Patients
were treated in the supine position, and an Aquaplast
face mask (WFR/Aquaplast Co.) was used for immobi-
lization. Radiation fields were designed based on postop-
erative imaging findings, including MRI and/or CT with
contrast. The tumor cavity was defined to be the clinical
target volume, and a 0.5- to 1.0-cm expansion was used
to determine the planning target volume. The expansion
was typically more generous along dural planes and more
limited into brain parenchyma. Typical limitations for
critical structures were used when designing radiation
plans with the aid of medical physics.

Results

A total of 52 patients who underwent GTR of an atyp-
ical meningioma between 1992 and 2011 were treated at
Memorial Sloan—Kettering Cancer Center. Forty-five pa-
tients remained after excluding patients with postopera-
tive follow-up shorter than 2 months (2 patients, neither
tumor recurred) and patients who died without postop-
erative imaging or recurrence (5 patients, 1 of whom re-
ceived radiotherapy).

Patient and tumor characteristics are summarized in
Table 1. The median follow-up was 44.1 months (mean
56.2 months, range 2.7-225.5 months). Thirteen patients

TABLE 1: Patient and tumor characteristics*

Characteristic Value

no. of pts 45
no. of male pts (%) 20 (44.4)
age at diagnosis in yrs

mean 56.1

range 23.3-81.3
follow-up in mos

median 441

range 2.7-225.5
no. alive at last follow-up (%) 40(88.9)
diameter in cm

median 49

range 2.0-8.9
tumor location (%)

convexity 27 (60.0)

parasagittal/falcine 6(13.3)

sphenoid 8 (17.8)

posterior fossa 2(4.4)

midline anterior fossa 2(4.4)

other 0(0)
postoperative therapy (%)

yes 13 (28.9)

no 32(71.1)

* pts = patients.
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(28.9%) received postoperative adjuvant radiotherapy
(median follow-up 49.4 months). Recurrence developed in
14 patients (31.1%), of whom 9 (64.3%) were alive at last
follow-up (Table 2 and Fig. 1). The actuarial recurrence
rates at 1, 5, and 10 years were 7.9% (95% CI 0%—16.5%),
355% (95% CI 17.7%-53.3%), and 55.3% (95% CI
26.3%—-84.3%), respectively. The median time to recur-
rence was 24.0 months (mean 38.0 months, range 8—132
months). Tumor recurred in 7 (25.9%) of 27 patients with
convexity, 3 (50.0%) of 6 patients with parasagittal, and
4 (50.0%) of 8 patients with sphenoid meningiomas, re-
flecting the distribution of primary atypical meningio-
mas (Table 2). Of the patients with recurrence, 13 had
not received prior radiotherapy (92.9%) and experienced
recurrence at a median latency of 19.0 months (mean 36.9
months, range 8—132 months). Nine (69.2%) of these pa-
tients were alive at last follow-up. One patient who under-
went radiotherapy experienced a recurrence 52.5 months
post-GTR, received no further treatment, and died 48.6
months later (cause unknown). There were no recurrences
in 12 (92.3%) of 13 patients who received fractionated
radiotherapy after an initial GTR (Fig. 2). The median
radiation dose was 59.4 Gy delivered in daily fractions of
180 or 200 cGy. Radiation therapy was initiated a median
of 2 months after surgery and was completed over a me-
dian of 6 weeks (range 5.6—10.0 weeks). All patients with
recurrent meningiomas survived 1 year postrecurrence,
except 1 patient who was alive at last follow-up 4 months
after recurrence.

Among the patients who had recurrence without radio-
therapy, 6 (46.2%) received radiotherapy postrecurrence, 1
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Fie. 1. Kaplan-Meier analysis showing the percentage of patients
with atypical meningiomas treated with GTR who experienced recur-
rence over time (n = 45).

(7.7%) had a second resection, 3 (23.1%) underwent both
radiotherapy and resection, and 3 (23.1%) received no fur-
ther treatment. Five (83.3%) of 6 patients who received ra-
diotherapy for recurrence were still alive at last follow-up
(median 20.3 months, range 1.4—67.6 months). All 3 pa-
tients who received both radiotherapy and resection for re-
currence were alive at last follow-up (median 36.3 months,
range 14.3-159.5 months). All patients tolerated the treat-
ment well with minimal, short-term complications that
included the following: Grade 1 skin toxicity (dermatitis,
erythema) and alopecia of the irradiated site, Grade 0 neu-
rological toxicity, Grade 1 fatigue and headaches. One pa-
tient experienced persistent left temporal pain that resolved
18 months postradiotherapy.

Univariate and multivariate analyses were conducted

TABLE 2: Outcomes for patients with atypical meningiomas treated with GTR*

Recurrence Total Alive (%) Time to Recurrence (mos)t
no. of pts 14 9/14 (64.3) 24.0
postop RT 1 0(0) 52.5
no postop RT 13 9/13 (69.2) 19.0
Actuarial Recurrence Rate % 95% ClI
1-yr 79 0-16.5
5-yr 8H15 17.7-53.3
10-yr 5518 26.3-84.3
Location of Tumor Total (%) Recurrence (%) Recurrence in Location (%)
convexity 27/45 (60.0) 714 (50.0) 25.9
parasagittal/falcine 6/45 (13.3) 3/14 (21.4) 50.0
sphenoid 8/45 (17.8) 4/14 (28.6) 50.0
posterior fossa 2/45 (4.4) 0(0) 0
midline anterior fossa 2/45 (4.4) 0(0) 0
other 0(0) 0(0) 0
Treatment for Recurrence Total Alive (%) Follow-Up (mos)
none 4 1/4 (25.0) 82.5
RT 6 5/6 (83.3) 20.3
resection 1 0(0) 98.0
RT + resection 3 3/3 (100) 36.3

* RT = radiotherapy.

T Values for the total group and the patients not receiving postoperative RT are medians.
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1 _Recurrence (8%)

45 GTR

.32 No Postop RT (71%)

“...12 No Recurrence (92%),

13 Recurrence (41%)

.19 No Recurrence (39%)..

Fic. 2. Depiction of the number of patients with atypical meningiomas treated with GTR who either received postoperative
radiotherapy (RT, n = 13) or did not (n = 32), and the subsequent patient group who experienced recurrence.

to assess the following variables for their predictive value
for tumor recurrence: use of postoperative radiotherapy,
sex, tumor location, tumor diameter, and decade of life.
In a univariate analysis, none of these variables was sig-
nificantly associated with tumor recurrence, although
postoperative radiotherapy revealed an association with
lower recurrence trending toward significance (HR 5.05
[95% CI 0.65-39.15] for no postoperative radiotherapy,
p = 0.12 [Table 3]). This trend was similarly evident in a
multivariate analysis (HR 4.97 [95% CI 0.55-44.68] for
no postoperative radiotherapy, p = 0.15). Other variables
were not associated with recurrence in our multivariate
analysis (Table 3).

Discussion

Although most meningiomas are benign, up to
20%—35% of tumors are classified as atypical (Grade II)
according to the 2000 WHO classification.>*#%47 This
classification is based on a number of histological char-
acteristics, including demonstration of = 4 mitotic figures
per 10 hpf or =< 3 features associated with higher grade,
including architectural sheeting, necrosis, prominent
nucleoli, hypercellularity, or high nuclear-to-cytoplasmic
ratio.’*40 Atypical meningiomas may arise spontaneously
or transform from benign meningiomas; the latter type
is associated with a more precipitous course and shorter
OS2

Early reports often classified atypical meningiomas
together with malignant or anaplastic meningiomas,*?6-3!
which have been shown to have significantly worse OS
and PFS."7% Greater extent of resection was correlated
with decreased recurrence rates in these initial series,'>*
with a 5-year survival of up to 87% in small series.”!
Nevertheless, the majority of patients experienced recur-
rence after either surgery or postoperative radiotherapy,’!”
with no improvement in PFS postradiotherapy.?® Modern

series that distinguish atypical meningioma from malig-
nant meningioma report longer follow-up with low mor-
tality rates'® and recurrence-free survival of up to 89% at
5 years in patients treated with postoperative fractionated
radiotherapy.'®3? For patients not receiving routine ra-
diotherapy, 5-year PFS rates of approximately 48% have
been reported.'*3*

The 1993 WHO classification system grouped mul-
tiple disparate histological entities into Grade 11, con-
tributing to heterogeneous patient outcomes and render-
ing direct comparison of case series difficult. More recent
categorization from 2000 has helped to standardize no-
menclature for these lesions,*#%4® although some hetero-
geneity remains.*® The change of classification has also
resulted in a significant increase in tumors classified as
Grade I1.#? Analyses of trends in meningioma manage-
ment from before and after 2000 revealed that meningio-
ma reclassification from “benign” to “atypical” was most
commonly due to elevations in estimated mitotic counts.*’

Prognostic Indicators

A number of prognostic indicators have been pro-
posed from analyses of single-institution case series to
help elucidate the remaining heterogeneity in the clas-
sification of atypical meningiomas. Histological features
indicative of poor outcome include increased cellularity,
high mitotic count, poor differentiation, and brain inva-
sion.24% Elevated levels of the proliferation marker Ki
67 have been associated with tumor recurrence and lower
OS for both atypical meningioma and anaplastic menin-
giomas.®?246 A variety of genetic abnormalities have been
associated with tumor progression and pathogenesis for
atypical meningiomas, including loss of chromosome
22; gains and losses of chromosomes 9, 10, 14, and 18;
and amplifications on chromosome 17, although specific
genes affected by these mutations remain unidentified.”®
Other poor prognostic factors of atypical meningioma

TABLE 3: Patient and tumor factors associated with recurrence for atypical meningiomas treated with GTR*

Univariate Multivariate
Factor HR (95% Cl) p Value HR (95% CI) p Value
postop RT 5.05 (0.65-39.15) for no RT 0.12 4.97 (0.55-44.68) for no RT 0.15
age 1.22 (0.81-1.84) per decade 0.34 1.27 (0.71-2.28) per decade 0.42
tumor size 1.08 (0.75-1.55) per cm 0.69 0.98 (0.65-1.47) per cm 0.92
tumor location NA 0.99 NA 0.97
sex 1.16 (0.39-3.46) for men 0.79 1.21 (0.33-4.43) for men 0.78

* NA = not applicable.
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include bone involvement,* epidermal growth factor
receptor immunoreactivity,¥ non-skull base location,
and male sex.’” Newer imaging techniques, such as dif-
fusion-weighted MRI,* diffusion-tensor imaging,* or
thallium-201 SPECT, may help differentiate benign from
atypical meningiomas,* although these modalities are
unlikely to be widely used in the near future.

Tumor Response by Location

Convexity tumors are the most common atypical me-
ningiomas in most series reporting location in the litera-
ture.?* In a survey of 378 meningiomas resected at a sin-
gle institution over 8 years, the most common locations
for Grade II meningiomas were convexity (40%), falcine
(18%), sphenoid wing (10%), tuberculum (10%), and ol-
factory groove (6%).>” Our cohort displayed a similar dis-
tribution, with 60.0% of patients harboring a convexity
meningioma. Some authors have highlighted the positive
long-term outcomes achievable with GTR for convexity
atypical meningiomas,?>¥ suggesting that no adjuvant
treatment is necessary for these lesions. However, in our
analysis, there was no association in univariate or mul-
tivariate analysis between location and outcome (Table
3). Even for convexity atypical meningiomas treated with
GTR, there is a potential benefit to postoperative radio-
therapy that should be carefully considered.

Response to Radiation Therapy

The published data suggest that the p53 system is in-
tact in atypical meningioma; the p53 pathway is instead
deregulated by alterations in pl4ARF (cyclin-dependent
kinase inhibitor 2A) and MDM2.? Therefore, one would
expect that these tumors would exhibit some extent of
radiation sensitivity.>> An acquired mutation in p53 may
explain atypical meningiomas that recur after radiother-
apy.’ It would ultimately be interesting to compare the
p53 status of the recurrent atypical meningiomas with
and without radiotherapy. One might posit that atypical
meningiomas that recurred after radiotherapy would be
pS3 mutant while the tumors that recurred without radio-
therapy would be p53 wild-type.

Stereotactic radiosurgery has been used for recurrent
lesions and as a primary or neoadjuvant treatment.?'?32°
Other radiotherapy modalities, such as combined proton-
and photon-beam conformal radiotherapy or carbon ion
radiotherapy, have been used in early phase clinical trials
for atypical meningioma with satisfactory safety and ef-
ficacy profiles.*!! A prospective Phase II study of carbon
ion boost in conjunction with photon radiotherapy after
Simpson Grade IV or V resection/biopsy of atypical me-
ningioma is currently underway.'® Nevertheless, radio-
therapy alone is insufficient treatment for Grade II me-
ningiomas, which have a high chance of progression after
primary radiotherapy.*?2* There is a growing consensus
that favors early postoperative radiotherapy after resec-
tion of atypical meningioma based on single institutional
series.’*%* Several series that have reported outcomes af-
ter radiotherapy for atypical meningioma did not discern
between the use of radiotherapy as primary, adjuvant, or
recurrence therapy, obscuring radiotherapy’s contribution
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to decreased risk of recurrence in patients concurrently
treated with surgery and/or radiosurgery.!**

Despite significant increases in local control with
routine postoperative radiotherapy, early small series
demonstrated high recurrence rates, particularly after
subtotal resection,'® suggesting that clinical outcomes are
primarily governed by the extent of tumor resection and
not the use of adjuvant postoperative radiotherapy. A re-
cent case series by Aghi et al.! highlighted the potential
for postoperative radiotherapy to reduce rates of recur-
rence and progression among patients with atypical me-
ningioma who have undergone GTR. In concordance with
that study, we found a strong trend toward lower recur-
rence rates in patients with atypical meningiomas treated
with postoperative radiation after GTR (Fig. 3). A recent
study of 66 atypical meningiomas treated with GTR re-
ported results similar to those in our series.”’” However,
despite a strong trend toward local control with adjuvant
radiotherapy, its authors concluded that postoperative ra-
diation therapy is only indicated for atypical meningioma
treated with subtotal resection but not for lesions treated
with GTR.

Study Limitations

Several factors limit the conclusions that may be
drawn from our experience as currently reported. Al-
though there was a difference in rates of recurrence be-
tween patients who were treated with postoperative radio-
therapy and those who received no adjuvant radiotherapy,
the difference did not reach statistical significance, likely
due to the small sample size. This is a limitation of most
case series reported to date (Table 4). Although 22% of
our patients experienced a recurrence by the median
follow-up of 44.1 months (representing 71% of total re-
currences, postoperative radiotherapy median follow-up
49.4 and 43.9 months for postoperative radiotherapy and
no postoperative radiotherapy, respectively), recurrence
of an atypical meningioma may occur at a time signifi-
cantly displaced from the initial resection (1 patient expe-
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Fic. 3. Kaplan-Meier analysis portraying the percentage of patients
with atypical meningiomas treated with GTR who experienced recur-
rence over time, comparing those who received postoperative radio-
therapy (n = 13) with those who did not (n = 32) and revealing a trend
toward significantly lower recurrence among those who received radia-
tion therapy (p = 0.085).
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TABLE 4: Progression-free and overall survival in atypical meningioma series

PFS (%) 0S (%)
Author & Year No.of Pts  No. of Pts w/ AM GTR  Postop RT 5-Yr 10-Yr 5-Yr 10-Yr
Alvarez et al., 1987 21 15 15 4 — — — —
Mahmood et al., 1993 25 20 — — 50 50 60 60
Hoffmann et al., 1995 13 10 7 3 50 — 38 —
Milosevic et al., 1996 59 17 17 59 — — 28 —
Palma et al., 1997 7 42 14 1 7 55 95 79
Coke et al., 1998 17 9 12 15 — — 87 58
Goyal et al., 2000 33 33 15 2 4l 55 95 79
Hug et al., 2000 3 15 8 38 — 89 —
Engenhart-Cabillic et al., 2006 16 11 — — — — —
Ko et al., 2007 49 23 18 12 — — — —
Pasquier et al., 2008 119 82 — 94 58 48 65 51
Yang et al., 2008 74 33 — — — 87 — 90
Aghi etal., 2009 108 108 108 8 59 52 — —
Boskos et al., 2009 24 19 6 24 61 — 54 —
Gabeau-Lacet et al., 2009 47 47 35 11 48 — 86 61
Joetal, 2010 35 35 " 5 — — — —
Vranic et al., 2010 86 76 36 6 60 55 76 56
Yuetal., 2011 74 74 52 47 — — — —
Mair et al., 2011 114 114 66 30 47 — — —
* AM = atypical meningioma; — = not reported.
rienced a recurrence 132 months post-GTR), highlighting Disclosure

the need for prudent routine monitoring to ensure prompt
recognition of recurrent disease.

Conclusions

This retrospective case series supports the observa-
tion that postoperative radiotherapy may result in lower
rates of recurrence of atypical meningiomas that have un-
dergone initial GTR. There was no statistical difference,
likely due to low power and a retrospective single-insti-
tution experience. However, actuarial recurrence rates at
5 years were close to 42% without radiotherapy and 20%
with radiotherapy, and treatment without postoperative
radiotherapy was associated with a relative risk of recur-
rence approximately 5 times greater than with adjuvant
postoperative radiotherapy. Recurrences resulted in short-
ened OS and additional treatment burden, including mul-
tiple reoperations, chemotherapeutic regimens, or radio-
therapy. Adjuvant radiation therapy should be judiciously
used only when a clear benefit is demonstrated, due to the
low risk of long-term detrimental effects, including radia-
tion necrosis, deterioration of neurological function, and
induction of further tumors. Although a multicenter, pro-
spective trial will ultimately be needed to fully define the
role of radiotherapy in the management of patients with
atypical meningioma who have a GTR (2 such trials are
underway: NCT00626730 and RTOG 0539), our results
contribute to a growing number of other series in support
of routine postoperative radiotherapy as an adjuvant treat-
ment for these lesions.
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