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Abstract

Background: Optimal management of grade II meningiomas follow-
ing resection remains controversial, owing mostly to the heteroge-
neity of post-operative (post-op) recurrence patterns across studies. 
Improved risk stratification of these patients would ensure that only 
those most at risk of recurrence would undergo appropriate post-op 
radiation therapy (RT).

Methods: Medical records from patients who underwent resection for 
grade II meningiomas were retrospectively reviewed. Demographic, 
disease characteristics, treatment, and clinical course data were ret-
rospectively collected. Logistic regression, Cox proportional hazards 
modeling, and Kaplan-Meier curves with log rank testing were con-
ducted to describe any potential relationships with time of recurrence.

Results: Of the 49 patients identified, 18 (36.7%) suffered a local 
recurrence following resection with a median follow-up of 3.1 years 
(range: 0.23 - 17.1 years). Past recurrence of the meningioma (P = 
0.002) and extent of resection (P = 0.02) were significantly associated 
with local recurrence. On multivariable analysis, only prior meningi-
oma recurrence was associated with time to local failure (P = 0.021). 
No histopathologic factors were found to be associated with the initial 
local failure. Of those who suffered a local recurrence, the presence of 
bone invasion (hazard ratio: 0.069, P = 0.008) and lack of salvage RT 

(P = 0.02) were associated with subsequent local failure.

Conclusions: Currently considered histopathologic factors appear 
not to be helpful in guiding initial treatment course. History of prior 
local failure and bone invasion appear to be associated with multiple 
recurrences. Optimal surgical resection is critical to improving out-
comes, and salvage RT may reduce subsequent local failure.

Keywords: Grade II meningioma; Gross/subtotal resection; Radia-
tion therapy; Predictive markers

Introduction

Meningiomas are one of the most common types of primary 
intracranial neoplasms. They are grouped into World Health 
Organization (WHO) grades I, II, and III [1]. The majority, 
80-90%, of meningiomas are classified as grade I [2]. These 
are typically benign and defined by < 4 mitoses per 10 high-
powered fields (HPF) [1]. A small percentage, 1-3%, of menin-
giomas are classified as grade III [2]. These are anaplastic and 
aggressive. They are defined by > 20 mitoses per 10 HPF or 
frank carcinomatous/sarcomatous histology [1]. The remain-
ing 5-15% of meningiomas are classified as grade II, with cri-
teria including having 4 - 19 mitoses per HPF, brain invasion, 
or three of the following five histologic features: increased cel-
lularity, small cells with high nuclear/cytoplasmic ratio, large 
and prominent nucleoli, sheet-like growth, and/or foci of ne-
crosis [1, 2]. Grade II meningiomas are a more heterogeneous 
group than grades I and III, with higher intergroup variability 
in cellular characteristics and behavior.

Gross total resection (GTR) of a grade I meningioma is 
generally curative, and post-operative radiation is standard af-
ter GTR of a type III meningioma due to high propensity for 
recurrence. Optimal management of grade II meningiomas fol-
lowing GTR remains controversial, owing mostly to the het-
erogeneity of post-operative recurrence patterns across studies 
[3]. Recurrence of type II meningiomas after resection varies 
from 20% to 70% [2, 4, 5]. Improved risk stratification of these 
patients would help to ensure that only those patients most at 
risk of recurrence would be selected to undergo appropriate 
post-operative radiation therapy (RT).
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A prime example of this heterogeneity in aggressiveness 
in grade II meningiomas comes from the recently reported 
NRG Oncology RTOG 0539 phase II clinic trial. In this study, 
patients with intermediate risk meningiomas, defined as newly 
diagnosed WHO grade II with GTR (Simpson grade I - III, 
69.2% of enrolled patients) or recurrent WHO grade I with 
any resection grade (30.8% of enrolled patients) were treated 
with adjuvant RT and compared to historical controls who did 
not receive radiation [6]. Initial results from this study showed 
that patients treated with RT after GTR had improved 3-year 
progression-free survival compared to those who just had 
GTR, 90% vs. 70% respectively. While this data are promis-
ing in that it demonstrates the efficacy of RT in this patient 
population, it is notable that only 30% of these patients would 
progress without radiation. This consideration begs the ques-
tion of whether it is reasonable to irradiate all patients with 
grade II meningiomas to reduce the 30% of patients who may 
recur by two-thirds. Alternatively, differentiating which grade 
II patients are more likely to recur is crucial to providing more 
optimal treatment recommendations that will maximize patient 
benefit and minimize over-treatment.

Currently, it remains unclear which factors are associated 
with post-operative recurrence in this patient population. To 
date, multiple groups have attempted to determine histologic, 
physiologic, and anatomic determinants of aggressiveness, 
with specific factors studied including Simpson grade, Shin-
shu grade, location, different radiographic features including 
edema, calcification, and bone invasion, and Ki-67 among 
others [4, 7, 8]. However, several of these studies have incon-
sistent findings such as Ki-67 being found to be predictive of 
recurrence by multiple institutions while others have not found 
it to be significant [4, 8-12].

More research is needed to determine which pathologic 
and patient features, if any, are predictive of recurrence in 
grade II meningiomas as such information would guide post-
operative RT recommendations. Our study seeks to further de-
lineate the predictive nature of patient and pathologic features 
in grade II meningiomas. Our hypothesis is that certain fea-
tures or combinations there-of will correlate with recurrence 
and outcomes in grade II meningiomas and thus help to predict 
tumor behavior.

Materials and Methods

This study was approved and conducted in ethical compliance 
by the Institutional Review Board at the University of Nebras-
ka Medical Center (UNMC), which holds its standards to the 
highest standards such as those presented forth by the Helsinki 
Declaration on human research. A retrospective chart review 
of patients who had pathologically proven grade II meningi-
omas and were treated at UNMC was conducted. All patho-
logic specimens were reviewed by a neuropathologist in the 
Pathology Department at UNMC. Data were retrospectively 
collected from the electronic health records and included: de-
mographic information, extent of resection, histopathologic 
features, clinical course, and treatment and recurrence his-
tory. Specific pathologic characteristics that were analyzed 

included: number of mitoses per HPF, presence or absence of 
prominent nucleoli, architectural sheeting, hypercellularity, 
choroid or clear cell histology, necrosis, and bone/brain inva-
sion as well as Ki-67. Extent of resection was determined from 
the operative report and confirmed by review of post-operative 
imaging. Simpson grading was not collected due to inconsist-
ent reporting in the post-operative documentation. Date of pro-
gression of meningioma was determined by radiology reports. 
For patients who were referred to our institution after suffering 
local recurrence following initial treatment at outside institu-
tions, time of surgery at our institution was considered time 
zero for assessing time to subsequent local failure.

Logistical regression modeling was used to preliminarily 
describe any demographic or histologic features potentially 
associated with those who did or did not experience disease 
recurrence. Subsequent Cox proportional hazards (CPH) mod-
eling was conducted to further investigate the relationship of 
each factor as it related to time of recurrence. For variables 
found to be of interest, time to recurrence was visualized using 
Kaplan-Meier plots and the strength of correlation assessed us-
ing log-rank testing. P values < 0.05 were considered statisti-
cally significant and < 0.10 were considered borderline signifi-
cant. For each statistical analysis, factors that were identified 
as being statistically significant were entered into a multivari-
able model to adjust for potential confounding effects.

Results

A total of 49 patients met inclusion criteria and were included 
in data analysis. Gender distribution was almost equal with 21 
males and 28 females. Median age was 50 (range: 17 - 90). 
Racial distribution was predominately white. Eighteen patients 
(36.7%) underwent a subtotal resection (STR), while 31 pa-
tients (63.3%) underwent a gross total resection (GTR). No-
tably, 12 patients (24.5%) underwent surgical resection at our 
institution after local recurrence following initial treatment at 
outside institutions. Eighteen patients (36.7%) suffered a local 
recurrence following resection with a median follow-up after 
surgery of 3.1 years (range: 0.23 - 17.1 years, Table 1).

A lower percentage of recurrence was observed in those 
who had a GTR compared to the STR cohort, 25.8% vs. 
55.6%, respectively (P = 0.064, Table 1). Further assessment 
of time to recurrence as assessed by Kaplan-Meier was as-
sociated with prolonged progression-free survival in the GTR 
cohort, 80% vs. 36% 3-year progression-free survival (P = 
0.010, Fig. 1a). Interestingly, however, in patients who suf-
fered recurrence, extent of resection displayed similar time 
to failure rates (P = 0.176, Fig. 1b); this was particularly true 
within the first year, and limiting a sub-analysis to time after 
the first year, there was a trend to prolonged progression-free 
survival in the GTR cohort compared to STR (P = 0.09). Im-
portantly, patients who were referred to our institution after 
local failure following treatment at an outside facility were 
also more likely to suffer a subsequent recurrence than those 
who had not previously been treated for their meningioma 
(Table 1, Fig. 2). No other factors, including Ki-67 or the use 
of adjuvant RT, were significantly associated with local fail-
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ure in our analysis (Table 1). Upon further inspection using 
Cox proportional hazards (CPH) modeling, extent of surgical 
resection (P = 0.02) and the presence of prior recurrence (P 
= 0.002) were strongly associated with time to recurrence on 

univariate analysis. On multivariable analysis, however, only 
prior recurrence remained associated with time to subsequent 
local failure (Table 2).

Of the 18 patients who suffered a local recurrence after 

Table 1.  Patient Demographics and Features Predictive of Local Recurrence After Resection for Grade II Meningiomas

Variable
Recurrence

P value
No Yes

All patients 31 (63.3%) 18 (36.7%)
Age, median (± IQR) 50.5 ( ± 25) 50.0 ( ± 27) 0.615
Gender
  Male (44.9%) 13 (59.1%) 9 (40.9%) 0.767
  Female (55.1%) 18 (66.7%) 9 (33.3%)
Surgery
  STR (29.6%) 8 (44.4%) 10 (55.6%) 0.064
  GTR (64.8%) 23 (74.2%) 8 (25.8%)
Mitosis, median (IQR) 4 (0 - 10) 4 (0 - 10) 0.657
Necrosis
  Absent (32.7%) 11 (68.8%) 5 (31.2%) 0.754
  Present (67.3%) 20 (60.6%) 13 (39.4%)
Prominent nucleoli
  Absent (59.2%) 20 (69.0%) 9 (31.0%) 0.375
  Present (40.8%) 11 (55.0%) 9 (45.0%)
Architectural sheeting
  Absent (65.3%) 22 (68.8%) 10 (31.3%) 0.226
  Present (32.7%) 8 (50.0%) 8 (50.0%)
Hypercellularity
  Absent (49.0%) 16 (66.7%) 8 (33.3%) 0.769
  Present (51.0%) 15 (60.0%) 10 (40.0%)
Choroid or clear cell
  Absent (93.9%) 26 (59.1%) 18 (40.9%) 0.276
  Present (6.1%) 3 (100%) 0 (0.0%)
Ki-67, median (IQR) 8 (0 - 25) 10 (3 - 15) 0.763
Bone invasion
  No (81.6%) 27 (67.5%) 13 (32.5%) 0.259
  Yes (18.4%) 4 (44.4%) 5 (55.6%)
Brain invasion
  No (77.6%) 24 (63.2%) 14 (36.8%) 1.000
  Yes (22.4%) 7 (63.6%) 4 (36.4%)
Adjuvant RT
  No (89.8%) 29 (65.9%) 15 (34.1%) 0.342
  Yes (10.2%) 2 (40.0%) 3 (60.0%)
Prior recurrence
  No (75.5%) 26 (70.3%) 11 (29.7%) 0.001
  Yes (24.5%) 3 (25.0%) 9 (75.0%)

STR: subtotal resection; GTR: gross total resection; IQR: interquartile range; RT: radiation therapy.
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surgical resection at our institution, eight patients (44.4%) un-
derwent salvage RT alone, four (22.2%) underwent salvage 
resection alone, three (16.7%) underwent resection followed 
by RT, one (5.6%) underwent treatment with systemic therapy, 
and two (11.1%) sought treatment at other institutions and 
were thus lost to follow-up. Despite these salvage therapies, 12 
of these patients (66.7%) suffered further subsequent tumor re-
recurrence. Bone invasion on the initiation surgical resection 
was the only histologic variable associated with subsequent 
recurrence (Table 3). Interestingly, the only factor part of the 
patient’s salvage regimen independently associated with the 
development of a second recurrence was the lack of salvage 
RT (Table 3). In fact, median progression-free survival was 45 
months in those who received RT at the first recurrence vs. 4 

months who did not receive RT (Fig. 3).

Discussion

The aim of our study was to determine which features of grade 
II meningiomas are predictive of recurrence, with the ultimate 
goal being to determine which patients may benefit most from 
adjuvant RT. Based on these findings, only the extent of surgi-
cal resection and local recurrence prior to being treated at our 
institute were predictive of post-operative recurrence. No stud-
ied histologic criteria were associated with risk of recurrence. 
Interestingly, in those who recurred following treatment at our 
university, only a lack of RT used during salvage and bone 

Figure 1. (a) Kaplan-Meier analysis of local failure of grade II meningiomas based on extent of surgical resection. (b) Kaplan-
Meier sub-analysis of patients who suffered post-operative local failure (from Fig. 1a) to illustrate time to local failure difference 
between GTR and STR. Overall, progression was similar between the two cohorts (P = 0.18), but a sub-analysis after 12 months 
revealed a trend towards significance (P = 0.09). GTR: gross total resection, STR: subtotal resection.
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invasion were associated with further recurrence.
This data suggest that the currently accepted histologic 

features used to determine tumor aggressiveness, and thus 
likelihood of local failure, poorly predict patient outcomes. 
Similar to the current study, past works have also failed to con-
sistently establish associations between accepted histologic 
criteria and local recurrence in grade II meningiomas. Work 
by Barrett et al has previously suggested that the presence of 

necrosis was not predictive of recurrence in grade II meningi-
omas following GTR [8]. Further, studies attempting to associ-
ate Ki-67 with recurrence have been mixed. Nanda et al found 
that a Ki-67 of less than 15% was associated with improved 
survival and associated with less risk of local recurrence in 
grade II meningiomas [4]. Barrett et al found local recurrence 
rates of 21% if Ki-67 was < 10% but as high as 41% if Ki-67 
was > 10% [8]. Additionally, Champeaux and Dunn also found 

Table 2.  Factors Associated With Time to Recurrence Following Resection in Grade II Meningiomas

Variable Comparison group Ref group Hazard ratio 95% CI P value
Univariable analysis
  Gender Male Female 0.646 0.255 1.637 0.357
  Age Increasing age 0.997 0.968 1.026 0.823
  Surgery STR GTR 3.278 1.261 8.526 0.015
  RT No Yes 0.402 0.112 1.441 0.162
  Necrosis Present Absent 1.195 0.425 3.357 0.736
  Mitosis Increasing mitotic count 0.945 0.740 1.207 0.765
  Nucleoli Present 1.127 0.445 2.855 0.801
  Architectural sheeting Absent Present 0.568 0.224 1.444 0.235
  Hypercellularity Absent Present 1.102 0.426 2.854 0.841
  Choroid Absent Present 4.889 0.151 157.8 0.371
  Bone invasion Absent Present 0.531 0.189 1.493 0.230
  Brain invasion Absent Present 0.839 0.275 2.558 0.758
  Ki-67 Increasing Ki-67 0.985 0.858 1.130 0.826
  Prior recurrence No prior Prior 0.231 0.091 0.588 0.002
Multivariable analysis
  Surgery STR GTR 0.452 0.163 1.253 0.127
  Prior recurrence No prior Prior 0.268 1.201 8.897 0.021

STR: subtotal resection; GTR: gross total resection; RT: radiation therapy; CI: confidence interval.

Figure 2. Kaplan-Meier analysis of local failure of grade II meningiomas based on prior meningioma recurrence.
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that Ki-67 index predicted surgical recurrence-free survival 
[9]. However, as in the present study, Durand et al was not able 
to support Ki-67 as a prognostic factor and Jo et al and Aghi 
et al did not find Ki-67 predictive of progression-free survival 

or overall survival [10-12]. Together, this data continue to in-
dicate the need to establish more robust histologic criteria to 
predict aggressiveness of grade II meningiomas.

The prognostic implications of obtaining a GTR vs. STR 

Table 3.  Factors Associated With Time to Second Recurrence in Grade II Meningiomas

Variable Comparison group Reference group Hazard ratio 95% CI P value
Univariable analysis
  Gender Male Female 0.274 0.067 1.132 0.074
  Age Increasing age 0.985 0.947 1.025 0.466
  Surgery STR GTR 3.248 0.676 15.608 0.141
  RT after initial resection No Yes 0.099 0.016 0.608 0.013
  Necrosis Present Absent 1.416 0.360 5.567 0.619
  Mitosis Increasing mitotic count 1.068 0.807 1.413 0.646
  Nucleoli Present 0.985 0.288 3.371 0.981
  Architectural sheet Absent Present 0.208 0.040 1.069 0.060
  Hypercellularity Absent Present 0.647 0.168 2.4 0.526
  Bone invasion Absent Present 0.052 0.006 0.456 0.008
  Brain invasion Absent Present 0.890 0.179 4.427 0.887
  Ki-67 Increasing Ki-67 1.165 0.826 1.643 0.385
  Prior recurrence No Yes 0.507 0.145 1.782 0.289
  Received salvage RT Yes No 0.020 0.001 0.189 0.019
  Received salvage resection Yes No 1.959 0.595 7.146 0.296
  Prior recurrence No prior Prior 0.507 0.145 1.782 0.290
Multivariable analysis
  Bone invasion Absent Present 0.550 0.050 10.508 0.659
  RT after initial resection No Yes 3.971 0.524 43.611 0.255
  Received salvage RT Yes No 0.011 0.001 0.316 0.037

STR: subtotal resection; GTR: gross total resection; RT: radiation therapy; CI: confidence interval.

Figure 3. Kaplan-Meier analysis of the association of use of radiation therapy (RT) as a portion of post-recurrence patient sal-
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are well-established. Extent of resection has been studied by 
multiple groups previously, usually in the context of Simpson 
and Shinshu grade. Nanda et al found that the recurrence rate 
in Simpson grades I and II (GTR) was 31%, but in grades III 
and IV (STR), recurrences more than doubled to 73%. They 
found a similar trend using the Shinshu grading system [4]. 
Liu et al found the hazard ratio for local recurrence follow-
ing STR to be 3.1 when compared to GTR [7]. Champeaux 
and Dunn also found that extent of resection was significantly 
associated with recurrence-free survival [9]. Together, these 
works strongly suggest that further therapy is most likely to 
be required in patients who undergo STR for a grade II menin-
gioma. Further, the significant association of prior recurrence 
with subsequent local failure and the fact that only salvage 
RT was associated with reduced risk of further recurrence add 
further credence to the concept that patients with recurrent 
grade II meningiomas require further treatment to prevent lo-
cal failure regardless of extent of surgical resection. Impor-
tantly, both of these patient populations were included in the 
high-risk arm of RTOG 0539 and received adjuvant RT to a 
dose of 60 Gy, with this present data implying that such treat-
ment may truly be necessary.

Overall, this study suggests that patients with past local 
failure or STR should be considered for adjuvant RT. These 
findings also provide evidence to suggest that after tumor 
recurrence for a grade II meningioma, forfeiting re-resection 
of the recurrent tumor if asymptomatic or with unsalvageable 
damage and offering salvage RT, could be a reasonable treat-
ment option. This study further supports the idea to advocate 
for adjuvant RT for grade II meningiomas immediately after 
surgery even after GTR. In doing so, this may maximize the 
chances of local control over an observation approach fol-
lowed by salvage RT, which appears to have a high likeli-
hood of repetitive recurrences in the salvage situation. Cur-
rently, the NRG BN003 trial is ongoing to help delineate the 
best approach. So far, no clearly defined risk factors have 
been reported that can further stratify the risk levels of re-
currence in WHO grade II meningiomas, pending the results 
from NRG BN003 trial. However, it is interesting to note 
that in our results, bone invasion, although not associated 
with recurrence after the initial surgery, was associated with 
time to the second failure, which is the first time that this is 
being reported to the best of our knowledge, and warrants 
further study.

There are several potential weaknesses to our study. The 
study was retrospective in nature and therefore could be sub-
ject to bias. Our patient number was also somewhat limited 
at 49. There were also inconsistencies in pathologic reporting 
(such as Ki-67), potentially blinding us to the effects these 
features had on local recurrence. A large number of patients 
in this study were referred to our institute by other providers 
after failing initial treatment. Thus, this may bias our patient 
population into a higher-risk population with more refractory/
aggressive disease. Additionally, the present study represents 
a single institution experience with several patients receiving 
pre-treatment at outside institutions for which some demo-
graphic (such as smoking status or body mass index (BMI)), 
operative and histologic details were not available. A larger 
database that is multi-institutional with consistent histologic 

and radiologic reporting may help elucidate which factors are 
predictive. Moreover, there has been a major recent trend to 
incorporate molecular parameters in tumor classifications, 
which are not available in our database.

Conclusions

History of past local failure and extent of surgical resection 
may be important factors in predicting recurrence in grade II 
meningioma. Patients with past local failure or subtotal resec-
tion should be considered for adjuvant RT. Currently consid-
ered histopathologic factors appear to possess little prognostic 
utility and may not be helpful in guiding adjuvant treatment.
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