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Abstract Meningiomas represent one of the largest sub-

groups of intracranial tumors. They are generally benign,

but may show a histological progression to malignancy.

Grades II and III meningiomas have been less well studied

and are not well controlled because of their aggressive

behaviour and recurrences. There is no consensus on

therapeutic strategies and no prognostic factors are known.

In order to determine these parameters, a multi-institutional

retrospective analysis was performed in France with the

support of the Neuro-Oncology Club of the French Neu-

rosurgical Society. This study was performed on 199 adults

treated for WHO grade II (166 patients) or grade III (33

patients) meningiomas between 1990 and 2004 in the

Neurosurgery Departments of five French University

Hospitals. Data on epidemiology, clinical behaviour and

therapy were collected. Overall survival and progression-

free survival were analysed as a function of each possible

prognostic factor. For patients with grade II meningiomas,

the 5- and 10-year OS rates were 78.4 and 53.3%,

respectively, while, for patients with grade III meningio-

mas, the corresponding values were 44.0 and 14.2%. For

patients with grade II meningiomas, the 5- and 10-year PFS

rates were 48.4 and 22.6%, respectively, the corresponding

values for patients with grade III meningiomas being 8.4

and 0%. For the grade II meningiomas, univariate analysis

showed that age \ 60 years (P \ 0.0001) and Simpson 1

resection (P = 0.055) were associated with a longer OS.

For the grade III meningiomas, univariate analysis showed

that age \ 60 years (P \ 0.0001) and RT (P = 0.036)

were associated with a longer OS. Histological grade II was

found to be associated with a longer PFS (P = 0.0032) and

RT reduced the PFS in grade II meningiomas (P = 0.0006)

There were no other prognostic factors in terms of PFS for

grades II and III meningiomas in univariate analysis.

Multivariate analysis confirmed that age (\ 60 years),

Simpson 1 and histological grade II were independent

prognostic factors for survival. This retrospective study

might improve the management of grades II and III

meningiomas. Prospective trials should delineate strong

therapeutic guidelines for high-grade meningiomas.
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Introduction

Malignant meningioma subtypes were clearly defined in

1938 by Cushing and Eisenhardt [1], and later recognised

by the World Health Organization (WHO). The 2000 and

2007 WHO classifications defined the most frequent sub-

type as grade I meningioma and atypical and anaplastic

neoplasms as grades II and III meningiomas, respectively

[2, 3]. Grade II meningiomas, which represented only 5–7%

of meningiomas before the 2007 WHO classification [3],

now account for more than 20% of all meningiomas [3–5].

Because of their aggressive behaviour, grades II and III

meningiomas have an unpredictable outcome [4, 6, 7].

Reported series have consisted of only a few patients [8–

13]. As a consequence, prognostic factors and therapeutic

strategy are not clear and considerable controversy remains.

There is no consensus on the management of grades II

and III meningiomas. Surgical resection is recognised as a

determinant prognostic factor in all meningiomas [14, 15].

There is no consensus for the role of radiotherapy (RT) in

therapeutic management [5, 16]. Concerning WHO grade

III meningiomas, RT is considered necessary because of

their potential for recurrence and aggressive behaviour [17].

This adjuvant treatment is more controversial in the treat-

ment of WHO grade II meningiomas. Some surgeons favour

repeated surgical resections. Chemotherapy (CT) has not

shown any convincing effect on atypical and anaplastic

meningiomas and should be reserved for recurrent menin-

giomas when all standard therapies have failed [15, 16, 18].

In order to analyse the prognostic factors, the effect of

different treatments and the behaviour of grades II and III

meningiomas, a multi-institutional retrospective analysis

was performed in France with the support of the Neuro-

Oncology Club of the French Neurosurgical Society

(Société Française de Neurochirurgie, SFNC). This study

included adults treated for WHO grades II and III menin-

giomas between 1990 and 2004 in the Neurosurgery

Departments of five French University Hospitals.

Clinical materials and methods

Patient population

A retrospective multi-institutional database search was car-

ried out. Data were collected in the Neurosurgery Depart-

ments of five French teaching hospitals (Angers n = 37,

Limoges n = 53, Lyon n = 47, Montpellier n = 29 and

Paris Beaujon n = 33) with the support of the SFNC.

The criteria for inclusion were adult patients ([18 years)

presenting with intracranial grades II and III meningiomas

between 1990 and 2004. Each case included was followed up

for more than 3 years. The patients included in the cohort

were operated on the first time. Cases were included when

initial diagnosis of grade II or III meningioma was retained.

Clinico-radiological data

Once the histopathological diagnosis had been confirmed,

data were collected including patient’s age at surgery,

gender and symptoms. Initial imaging was a computed

tomography scan or magnetic resonance imaging (MRI)

with contrast, depending on the centre. MRI was not

always available. Data on location and contrast were

obtained from the imaging. Tumour location was divided

into the six groups of convexity, falx, parasagittal, posterior

fossa, cranial base and others. Contrast was classified into

two groups: homogeneous or heterogeneous (suggested

necrosis in the tumour).

Treatment modalities

Surgical resection was graded according to the Simpson

grade [14], which was determined from the operation notes

for all cases by the same neurosurgeon. In the case of RT,

the data collected were dose and delay to surgery (adju-

vant, on recurrence). Recurrences were confirmed by the

radiological data. The diagnosis of metastasis was retained

when confirmed by pathologists. The outcome for each

patient was assessed after contacting the referring physi-

cian after 2004. Date of death was obtained by consulting

the registry office.

Pathological examination

For all patients, the slides used for diagnosis were

reviewed by two senior neuropathologists. The tumours

were classified according to the 2000 WHO grading sys-

tem criteria [2]. Atypical meningioma can be diagnosed if

the tumour has four or more mitoses per HPF, or if three

of the following five features are present: high cellularity,

high nuclear/cytoplasmic ratio, prominent nucleoli, loss of

architectural pattern, and necrosis not due to embolisation.

Anaplastic meningioma is defined by either 20 or greater

mitoses per 10 HPF, or malignant cytologic features (i.e.

resembling sarcoma, carcinoma, melanoma) [2]. The cel-

lular proliferation index was assessed using the Ki 67

when immunohistochemistry was available and feasible.

The Ki 67 analysis, an index of proliferation, was not

performed systematically in some centres before 2000, as

the fixative used at that time in these centres was not

compatible with Ki 67 immunolabeling. The quantification

of the Ki 67 immunolabelling was performed by the

authors. Brain invasion was noted, but was not considered

as a criterion of malignancy on the basis of the 2000

WHO classification.
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Statistical analysis

A descriptive analysis of the population was performed

using the software STAVIEW 5.0 (SAS Institute, Cary,

CA, USA). Comparisons between overall survival (OS)

and progression-free survival (PFS) rates at 5 and 10 years

were based on chi-square tests. Statistical analysis of OS

and PFS was performed by comparing computer-generated

curves estimated by the Kaplan–Meier method. Differences

in OS and progression-free survival (PFS) curves were

assessed using the log-rank test (Mantel-Cox). When the

difference almost reached statistical significance, other

tests (Breslow, Tarone-Ware) were used. The threshold for

statistical significance was P = 0.05. Multivariate forward

stepwise linear regression analysis was based on Cox’s

forward function. The factors studied were age, gender,

tumour location, WHO grade II or III, Ki 67, surgery

(Simpson), RT and CT.

Results

Population

The characteristics of the patient population are summa-

rised in Table 1. Our study included 199 patients, 42.2% of

which were male and 57.8% female. The mean age was

57.4 ± 13.9 years. The convexity location was predomi-

nant (93 cases, 46%). Clinical signs were unspecific and

depended on the location of the tumour. A neurological

deficit was present in 107 cases (53.8%). The diagnosis was

fortuitous in 14 cases with atypical meningiomas (8.4% of

all grade II tumours). In two cases presenting with grade III

meningiomas, the tumour was acutely diagnosed after brain

haemorrhage and coma. There was no difference between

grades II and III meningiomas in terms of gender and age.

However, meningiomas that were initially grade II, but

recurred as grade III, were more frequent in males (12

males, 63.2% of such cases). No statistical correlation was

observed between histological grading and location.

On MRI, homogeneous contrast was observed in 183

tumors (92% of all tumors) and heterogeneous contrast in

16 (8% of all tumors), of which 9 were grade II meningi-

omas (5.4% of the grade II meningiomas) and 7 grade III

(21% of the grade III meningiomas).

Pathological data

Of the 199 meningiomas studied, 166 were grade II

tumours (6 clear cell, 11 chordoid and 149 atypical

meningiomas) and 33 grade III (1 papillary, 2 rhabdoid and

30 anaplastic meningiomas). Of the 105 cases presenting

with grade II meningiomas with recurrence, 19 (11.5%)

showed an increase in malignancy from grades II to III.

These tumours were classified as grade II, based on the

initial tumour. As brain invasion was not recognised as a

criterion of malignancy in the 2000 WHO grading system,

this aspect was not systematically reported by the pathol-

ogists. Ki 67 immunolabelling was performed in 93 cases

(46.7% of all tumours), consisting of 81 cases with grade II

(48.8%) and 12 with grade III (64.4%) meningiomas, with

a mean of 9.9% for grade II and 28.8% for grade III.

Treatments

Surgery

Surgical resection was classified as Simpson 1 in 98 cases

(49.2% of the entire series), Simpson 2 in 76 (38.2%),

Simpson 3 in 9 (4.6%), Simpson 4 in 15 (7.5%) and

Simpson 5 in 1 (0.5%). About the same percentage of each

Table 1 Characteristics of the 199 patients

Grade II n (%) Grade III n (%)

Number 166 33

Age (years) 57.5 ± 14.1 57.0 ± 13.2

Gender

Male 69 (41.6) 15 (45.5)

Female 97 (58.4) 18 (54.5)

Clinical signs

ICH 46 (27.7) 12 (36.4)

Neurological deficits 88 (53.0) 19 (57.6)

Epilepsy 60 (36.1) 10 (30.3)

Asymptomatic 14 (8.4) 0

Location

Convexity 74 (44.6) 19 (57.6)

Parasagittal 42 (25.3) 6 (18.2)

Falx 14 (8.4) 3 (9.0)

Cranial base 26 (15.7) 5 (15.2)

Posterior fossa 6 (3.6) 0

Other 4 (2.4) 0

Oedema 84 (50.6) 28 (48.5)

Heterogeneous contrast 9 (5.4) 7 (21.2)

Surgery

Simpson 1 82 (49.4) 16 (48.5)

Simpson 2 63 (37.9) 13 (39.4)

Simpson 3 8 (4.8) 1 (3.0)

Simpson 4 12 (7.3) 3 (9.0)

Simpson 5 1 (0.6) 0

Radiotherapy 61 (36.7) 20 (60.6)

Chemotherapy 9 (5.4) 8 (24.2)

Recurrences 82 (49.4) 23 (69.7)

Death 57 (34.3) 24 (72.7)

Ki 67 9.9 ± 7.5 28.8 ± 24.3
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Simpson score was found in the grades II and III menin-

giomas (Table 1). No correlation was found between the

extent of resection and histological grading.

Radiotherapy

Conventional therapy was performed on 81 patients (40.7%

of the entire series), of which 61 had grade II meningioma

(36.7% of the grade II tumours) and 20 grade III menin-

gioma (60.6% of the grade III tumours) (Table 1). In 16

cases (19.8% of all patients treated with RT), the patients

were treated after initial surgery because of incomplete

surgical resection or because of histological diagnosis.

These cases consisted of 10 with grade II meningioma

(16.4% of treated patients with grade II tumours) and 6

with grade III meningioma (30% of treated patients with

grade III tumours). In the other 65 cases (80.2% of treated

patients; 51 grade II and 14 grade III), RT was performed

after recurrence. The mean radiation dose was 53.57 Gy

(grays). Radiosurgery was carried out on 8 patients after

recurrence, but each case had already received conven-

tional RT.

Chemotherapy

Only a few patients were treated with CT (Table 1). Of the

166 patients with grade II meningioma, only 9 (5.4% of all

grade II tumours) received CT, namely hydroxycarbamide

(5 cases), doxorubicine (3 cases) or etoposide (1 case). All

these cases presented with grade II meningioma with

recurrence as grade III. Of the 33 patients with grade III

meningioma, 8 were treated by CT (24.2% of all grade III

tumours), using hydroxycarbamide (6 cases), temozolo-

mide (1 case) or cyclophosphamide (1 case).

Recurrences

The proportion of recurrences is reported in Table 1.

Recurrences occurred more frequently in grade III menin-

giomas than in grade II meningiomas (23 cases representing

69.7% of the grade III tumours and 82 cases representing

49.4% of the grade II tumours; P = 0.0329). The interval to

recurrence was lower in the case of the high-grade menin-

giomas, with a median time of 31.9 months for grade II and

of 21.0 months for grade III meningiomas (P = 0.0245).

The number of recurrences as a function of the WHO grade

and Simpson score is summarised in Table 2. Recurrences

occurred more frequently in grade III meningiomas even if

Simpson 1 surgery was performed. Recurrences were

observed in 7 grade III meningiomas (100% of the grade III

with heterogeneous contrast) and in 5 grade II meningiomas

(71.4% of the grade II with heterogeneous contrast).

Five patients with a grade III tumour (15.2% of the

grade III tumours) developed metastasis, which was proved

by histopathological analysis. Three metastases were

intradural, 1 cutaneous and 1 pulmonary.

Follow-up

The mean time of follow-up was 65.0 ± 46.9 months. At

the end of follow-up, 81 patients had died, 57 with grade II

meningioma (34.3% of the grade II tumours) and 24 with

grade III meningioma (72.7% of the grade III tumours)

(Table 1). The causes of death were: (1) complications

within 3 months after surgery (peri-operative mortality) in

16 patients (19.7% of the dead patients, i.e. 8.0% of the

entire series), (2) unrelated causes during a disease-free

period (3 months after surgery) in 19 (23.4% of the dead

patients, i.e. 9.5% of the series), and (3) tumoral progression

Table 2 Number of recurrences as a function of the WHO grade and Simpson score

Simpson score No recurrence 1 recurrence 2 recurrences 3 recurrences 4 recurrences 5 recurrences Total

Grade II

1 44 (26.5%) 23 (13.9%) 13 (7.8%) 2 (1.2%) 82 (49.4%)

2 28 (16.9%) 20 (12%) 11 (6.6%) 2 (1.2%) 1 (0.6%) 1 (0.6%) 63 (37.9%)

3 1 (0.6%) 3 (1.8%) 3 (1.8%) 1 (0.6%) 8 (4.8%)

4 10 (6%) 2 (1.2%) 12 (7.2%)

5 1 (0.6%) 1 (0.6%)

Grade III

1 4 (12.1%) 3 (9.1%) 6 (18.1%) 2 (6.0%) 1 (3.1%) 16 (48.4%)

2 4 (12.1%) 5 (15.2%) 2 (6.0%) 1 (3.1%) 1 (3.1%) 13 (39.4%)

3 1 (3.1%) 1 (3.1%)

4 1 (3.1%) 1 (3.1%) 1 (3.1%) 3 (9.1%)

5 0
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in 46 (56.8% of the dead patients, i.e. 23.1% of the series).

The last group consisted of 28 grade II meningiomas

(16.9% of the grade II tumours) and 18 grade III (54.5% of

the grade III tumours).

Survival analysis

Overall survival For patients with grade II meningiomas,

the 5- and 10-year OS rates were 78.4 and 53.3%, respec-

tively, while, for patients with grade III meningiomas, the

corresponding values were 44.0 and 14.2% (Fig. 1). On

univariate analysis (Table 3), histological grade II was

found to be associated with a longer OS (P \ 0.0001). For

the grade II meningiomas (Table 3), univariate analysis

showed that age \ 60 years (P \ 0.0001) (Fig. 2) and

Simpson 1 resection (P = 0.055) (Fig. 3) were associated

with a longer OS. For this group, no significant statistical

difference was found in OS between patients who received

postoperative RT compared to those without RT adjuvant

treatment. CT was associated with a lower OS

(P = 0.0187), with a median duration of 86.0 versus

140.5 months without treatment. For the grade III menin-

giomas (Table 3), univariate analysis showed that

age \ 60 years (P \ 0.0001) and RT (P = 0.036) were

associated with a longer OS (Fig. 4). On multivariate

analysis, age \ 60 years (P \ 0.0001), histological grade II

(P \ 0.0001) and Simpson 1 resection (P = 0.0141) were

found to be associated with a longer OS (Table 4).

0

,2

,4

,6

,8

1

0 50 100 150 200 250 300

Time (months)

Grade II

Grade III

Fig. 1 Kaplan–Meier curve showing the overall survival for grades II

and III meningiomas (P \ 0.0001)

Table 3 Median overall survival rate in months for grades II and III

meningiomas as a function of Possible prognostic factors

Possible prognostic factor Grade II Grade III

Location P \ 0.209 P \ 0.191

Cranial base 140.5 127.7

Convexity 103.4 56.0

Falx/parasagittal 247.8 62.0

Ki 67 P \ 0.6079 nd

\10% 194.6 nd

[10% 128.4 nd

Surgery P \ 0.055 P \ 0.80

Simpson 1 140.1 63.8

Simpson 2, 3, 4, 5 109.5 56.0

Radiotherapy P \ 0.4984 P \ 0.036

Yes 109.0 62.0

No 194.6 41.2

Chemotherapy P \ 0.0187 P \ 0.1083

Yes 86.0 63.8

No 140.5 56.0

nd Not done

Time (months)

0

,2

,4

,6

,8

1

0 50 100 150 200 250 300

Age < 60 yearsold

Age > or = 60 years
old

Fig. 2 Kaplan–Meier curve showing the overall survival relating to

age in grades II and III meningiomas (P \ 0.0001)

Time (months)

0

,2

,4

,6

,8

1

0 50 100 150 200 250 300

Simpson 2-3-4-5

Simpson 1

Fig. 3 Kaplan–Meier curve showing the overall survival relating to

surgery in grade II meningiomas (P = 0.055)
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Progression-free survival For patients with grade II

meningiomas, the 5- and 10-year PFS rates were 48.4 and

22.6%, respectively, the corresponding values for patients

with grade III meningiomas being 8.4 and 0% (Fig. 5).

On univariate analysis (Table 5), histological grade II

was found to be associated with a longer PFS (P = 0.0032).

RT reduced the PFS in grade II meningiomas (P = 0.0006),

the median duration being 35.2 months with RT and

65.7 months without RT. For the grade III meningiomas,

no significant statistical difference was found in term of PFS

for patients who underwent postoperative irradiation. There

were no other prognostic factors in terms of PFS for grades

II and III meningiomas.

Discussion

Grades II and III meningiomas are considered rare CNS

tumors. Due to their rarity and the heterogeneity of series

reported so far, controversy exists with regard to their

prognostic factors and therapeutic management. Previous

studies were based on only 49 cases [15], 28 cases [19] or

71 cases [9], and comparisons are difficult because of the

change in the histopathological guidelines in 2000. A large

range of prevalence data for these aggressive forms has

been reported, owing to the use of various grading systems

since 2000 [4, 5]. These findings confirm the necessity for a

consensus on management.

In our multi-institutional study, a statistical analysis was

performed on a large and homogeneous population of

adults with intracranial grades II and III meningiomas

diagnosed between 1990 and 2004 to determine whether

age, pre-operative clinical status, tumour location, extent of

surgery, histological features or post-operative RT affected

OS or PFS. Patients were treated according to the usual

medical practice at each centre.

Time (months)

0

,2

,4

,6

,8

1

0 25 50 75 100 125 150 175 200

Without RT

With RT

Fig. 4 Kaplan–Meier curve showing the overall survival relating to

radiotherapy in grade III meningiomas (P = 0.036)

Table 4 Multivariate forward stepwise linear regression survival

analysis, probability value and relative risk in patients with grades II

and III meningiomas

Factor Variable P Relative risk ± SEM

WHO grade Grade II/III \0.0001 0.269 ± 0.254

Age \60/[60 years \0.0001 1.063 ± 0.011

Surgery Simpson 1/2, 3, 4, 5 =0.0141 1.752 ± 0.228

SEM Standard error of the mean

0

,2

,4

,6

,8

1

0 20 40 60 80 100 120 140 160 180

Time (months)

Grade II

Grade III

Fig. 5 Kaplan–Meier curve showing the progression free survival for

grades II and III meningiomas (P = 0.032)

Table 5 Median progression-free survival rate in months for grades

II and III meningiomas as a function of possible prognostic factors

Possible prognostic factor Grade II Grade III

Location nd nd

Cranial base 37.7 57.0

Convexity 54.5 54.5

Falx/parasagittal 64.7 52.0

Ki 67 P \ 0.9256 nd

\10% 45.5 nd

[10% 53.1 nd

Surgery P \ 0.0763 P \ 0.763

Simpson 1 65.2 41.2

Simpson 2, 3, 4, 5 50.0 25.5

Radiotherapy P \ 0.006 P \ 0.1825

Yes 35.2 43.6

No 65.7 5.6

Chemotherapy P \ 0.1566 P \ 0.4635

Yes 52.0 31.8

No 59.4 34.0

nd Not done

372 J Neurooncol (2009) 95:367–375

123



A predominance of males in patients presenting with

atypical or anaplastic meningiomas [4] was not confirmed

by our study, in which 57.8% of the patients were female.

However, in our study, male patients were predominant in

those patients with grade II meningiomas progressing to

grade III when recurrence.

Analysis of the patient’s age showed that grades II and

III meningiomas were diagnosed at around 55 years of age.

Age \ 60 years was a prognostic factor, with a better

outcome when the patient was under 60 years of age. Other

authors have defined 65 years as the cut-off for a poor

prognosis [4, 20].

In our series, the location of intracranial meningiomas

was not linked to the clinical outcome. The results of

reported series are consistent with our findings [1, 4, 21],

but it seems that meningiomas located in the skull base and

spine are less often grades II and III meningiomas [22].

The prognostic value of histological findings is well

established, with a worse prognosis for WHO grade III

meningiomas [2]. Palma et al. [9] reported a series of grade

III meningiomas with an OS of 64.3 and 34.5% at 5 and

10 years, respectively, the corresponding values for PFS

being 45 and 15%, whereas, in grade II meningiomas, the

OS was 95 and 79% at 5 and 10 years, respectively, and the

PFS 77 and 55%. Our findings are in general agreement

with these data, but the survival rates were lower. For grade

III meningiomas, the OS was 44.0 and 14.2% and the PFS

8.4 and 0% at 5 and 10 years, respectively, while, for grade

II meningiomas, the OS was 78.4 and 53.3% and the PFS

48.4 and 22.6%. However, comparisons between published

series are not easy because of the different histological

grading systems used by the WHO before and after 2000.

Brain invasion was not retained as a malignant criterion

in the 2000 WHO grading system. The significance of brain

invasion has been widely debated and is nowadays one of

the criteria used for grading tumors [3, 23]. The mecha-

nisms of invasion have not been clearly defined and

molecular biological approaches have not shown any par-

ticular gene alterations in these invasive tumors [24, 25].

As regards Ki 67 immunolabelling, there is controversy

in the literature and considerable variation in Ki 67 im-

munolabelling of meningiomas has been reported [12, 19,

26–28]. For instance, Bruna et al. [19], in a review of 28

patients, reported that a Ki 67 value of 9.9% was a prog-

nostic factor for grades II and III meningiomas, and others

have quoted 10% as a prognostic factor for tumoral pro-

gression [10, 26]. In contrast, Baser [29] did not find any

relationship between Ki 67 immunolabelling and evolution.

Our study did not validate Ki 67 immunolabelling as a

prognostic factor. However, Ki 67 was not performed in

every centre, as the fixative used in some centres at that

time was not compatible with Ki 67 immunolabelling. The

lack of correlation between the Ki 67 proliferation index

and survival may be due to the relatively small number of

cases, especially grade III meningiomas. Although it is

undeniable that the Ki 67 index helps neuropathologists to

determine the aggressiveness of the tumour, no therapeutic

decision is proposed on the basis of the Ki 67 index alone.

Heterogeneous contrast has been quoted as a prognostic

factor and has been correlated with frequent recurrences

[30], in agreement with our results. The presence of het-

erogeneous contrast seems to be predictive of an aggressive

behaviour for high-grade meningiomas.

Extent of surgery has been reported as one of the most

significant predictors of outcome in patients with menin-

giomas. Surgery should be performed with as large a

resection as possible and can reduce both mortality and

recurrences [2, 4, 10, 14, 31, 32]. In our study, there was no

difference between grades II and III meningiomas in terms

of the Simpson score. Palma et al. [9] showed that survival

rates are significantly better after Simpson 1 resection than

after Simpson 2–3 resection for atypical meningiomas. In

our study, for grade II meningiomas, we confirmed that

surgery was a prognostic factor and that the Simpson score

was linked to recurrences. However, in a recent study,

Pasquier et al. [4] reported that the extent of surgical

resection was not a significant prognostic factor for grades

II and III meningiomas, but their statistical analysis was

performed on the whole group, with no distinction between

the grades. In addition, in their retrospective study, the

extent of surgery was not checked by post-operative

imaging, as was the case in our series.

The role of surgery is less clear in grade III meningio-

mas presenting with more frequent recurrences. Surgery is

sometimes impracticable when recurrences are multifocal

or when the interval to recurrence is short, which is com-

mon in anaplastic meningiomas. In grade III meningiomas,

our univariate analysis of OS and PFS showed that surgery

was not a prognostic factor. Similar results have been

reported by Palma et al. [9]. Moreover, the extent of sur-

gical resection was not correlated with the onset of recur-

rences. After surgery, the rate of recurrence in grade III

meningiomas is high, being 69.8% in our study, 75% in

Kim et al. [20], 78% in Jääskeläinen et al. [33] and 72% in

Maier et al. [7]. Multivariate analysis in our study con-

firmed the independent prognostic role of surgery for the

whole series (grades II and III meningiomas), as was also

demonstrated by Kim et al. [20]. However, as the group of

grade III meningiomas was limited in number, multivariate

analysis was not performed on each grade separately.

There is no consensus on the use of RT in meningiomas

[5]. Hug et al. [31] reported a local control of 38% in grade

II and 52% in grade III meningiomas at 5 years and of 19

and 17% at 8 years. Our study suggests that RT is a

valuable weapon in the treatment of grade III meningio-

mas, with a significantly improved OS. There seems to be a
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consensus that patients with grade III meningiomas should

be treated with RT whatever the extent of surgery. How-

ever, its use in grade II meningiomas is not clear. For grade

II meningioma, Marcus et al. [32] reported that most

neurosurgeons who responded to a questionnaire would not

advocate adjuvant RT if the tumour was completely

excised, but the majority would recommend it in cases of

subtotal resection. These medical practices are in agree-

ment with those in our retrospective study. No patient was

treated with RT when surgical resection was complete. The

most usual attitude in our retrospective study was to treat

patients with RT after the first recurrence. Survival analysis

in our study showed that RT was associated with a poorer

prognosis than no RT. This analysis must be treated with

caution because the grade II meningiomas treated by RT

were often difficult cases (recurrences, aggressiveness). A

major question was to determine whether patients with

incomplete tumoral resection should be treated with RT or

not. Ten patients were treated after incomplete surgery but,

as few cases were involved, the statistical power was not

high enough to compare these patients with those without

RT. Recently, an informal study involving the neurosur-

geons of the Neuro-Oncology Club of the French Neuro-

surgical Society revealed that, when surgery was not

complete, only 45.5% of neurosurgeons treat patients with

RT. A review of the literature provided few details for the

modalities of treatment. Only a few patients have been

studied, and radiation dose was the parameter most often

assessed [31, 32]. Finally, the question of whether to give

this treatment after initial surgical resection or at recur-

rence remains unanswered. In our opinion, there is not

sufficient evidence supporting the effect of RT in com-

pletely resected grade II meningioma to recommend, or not

to recommend, adjuvant treatment in this situation. Only a

prospective randomised study will make it possible to

clearly define the place of RT in the management of grades

II meningiomas. A number of issues remain, the most

important being whether immediate postoperative RT

provides any long-term advantage over RT on recurrence.

Radiation dose was also an important point in the analy-

sis. As reported in the literature, radiation dose is important

in the treatment of meningiomas, 60 Gy being the optimal

dose [5, 31, 32]. In our study, the mean dose was 53.67 Gy.

This parameter should be analysed more precisely. The role

of radiosurgery and CT was not analysed in our study

because few cases received this adjuvant treatment.

Conclusion

To our knowledge, the present series represents one of the

largest reported on grades II and III meningiomas. This

study highlights the fact that complete tumour removal is a

main prognostic factor in grade II meningiomas. On uni-

variate analysis, we found that age (\60 years) and surgi-

cal resection (Simpson 1) were prognostic factors for grade

II meningiomas, while, for grade III meningiomas, age

(\60 years) and RT were prognostic factors.

Multivariate analysis confirmed that age (\60 years),

surgical resection (Simpson 1 versus 2–5) and WHO his-

tological grading were independent prognostic factors for

survival. Prospective trials would probably delineate strong

therapeutic guidelines for grades II and III meningiomas.
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