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Objective : To investigate the efficacy of adjuvant treatment in patients with high-grade meningioma.

Methods : A retrospective analysis was performed for patients with high-grade meningioma, World Health Organization grade 
2 or 3, in a single center between 2003 and 2014. The patients were reviewed according to age at diagnosis, sex, the location of 
meningioma, degree of tumor resection, histological features, and type of adjuvant treatment. These factors were analyzed by Firth 
logistic regression analyses.

Results : Fifty-three patients with high-grade meningioma were enrolled. Thirty-four patients received adjuvant treatment; 
conventional radiotherapy or radiosurgery. Clinical follow-up ranged from 13–113 months with a median follow-up of 35.5 months. 
Gross total removal (GTR), Simpson grade 1 or 2, was achieved in 29 patients and, among them, 13 patients received adjuvant 
treatment. In the other 24 patients with non-GTR, conventional adjuvant radiotherapy and radiosurgery were performed in 11 and 
10 patients, respectively. The other 3 patients did not receive any adjuvant treatment. Radiation-related complications did not occur. 
Of the 53 patients, 19 patients had suffered from recurrence. The recurrence rate in the adjuvant treatment group was 23.5% (8 out 
of 34). On the other hand, the rate for the non-adjuvant treatment group was 57.9% (11 out of 19) (odds ratio [OR]=0.208, p=0.017). 
In the GTR group, the recurrence rate was 7.5% (1 out of 13) for patients with adjuvant treatment and 50% (8 out of 16) for patients 
without adjuvant treatment (OR=0.121, p=0.04). 

Conclusion : Adjuvant treatment appears to be safe and effective, and could lead to a lower recurrence rate in high-grade 
meningioma, regardless of the extent of removal. Our results might be used as a reference for making decisions when planning 
adjuvant treatments for patients with high-grade meningioma after surgery.
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INTRODUCTION

Meningioma is the most common type of primary intracra-

nial tumor, composing more than 35% of all3). The World 

Health Organization’s (WHO’s) classification of central ner-

vous system tumors, revised in 2007, classifies meningioma 

into grade 1 (benign), grade 2 (atypical), or grade 3 (malignant 

or anaplastic). Although the majority are benign, atypical and 

malignant meningioma, which are termed high-grade menin-

gioma in this study, account for 6–18% of all meningiomas. 

The recurrence rates for atypical meningioma and malignant me-

ningioma are known to be approximately 30–40% and 50–80%, 

respectively18).

Surgery is the treatment of choice for patients with high-

grade meningioma. Due to the high recurrence rate, high-

grade meningioma is also commonly treated with adjuvant 

treatments, such as adjuvant radiotherapy or radiosurgery fol-

lowing surgical removal. It is widely accepted that adjuvant 

treatments are required for high-grade meningioma that is 

sub-totally resected (STR). However, the role of adjuvant treat-

ment for high-grade meningioma in patients with gross total 

removal (GTR) remains controversial, with conflicting reports 

in previous literature4,8,14,20).

In this retrospective study, we reviewed the outcomes of 

high-grade meningioma in 53 patients after surgical removal 

with or without adjuvant treatments. In particular, this study 

focused on whether there are benefits to adjuvant treatments 

in patients with GTR.

MATERIALS AND METHODS 

Our patient database was used to collect patients between 

2003 and 2014. All patients were treated with surgical resec-

tion and the tumors were pathologically confirmed as either 

grade 2 or 3 meningioma. All pathologic reports were thor-

oughly reviewed to confirm that the patients satisfied the def-

inition of grade 2 or 3 meningioma according to the WHO 

2000/2007 classification. All patients were included, regardless 

of the location of the tumor, unless the tumors were located 

outside the cranium. Among 718 patients undergoing surgery 

due to newly diagnosed meningioma, 53 (7.3%) patients with 

high-grade meningioma were included in this study. The pa-

tients were reviewed by age at diagnosis, sex, location of me-

ningioma, degree of tumor resection, histological features, 

and type of adjuvant treatment. Treatment characteristics 

such as extent of surgical resection, and details of adjuvant 

treatments were collected for each patient.

Treatment course 
Senior authors (CWO, CYK, and JHH) of Seoul National 

University Bundang Hospital (SNUBH) performed the sur-

geries. The tumor resection status was evaluated with Simp-

son grading and a postoperative magnetic resonance imaging 

(MRI). Grades 1 and 2 were defined as the GTR of the tumor. 

Grade 3 and above was defined as non-GTR. Tumor resection 

was confirmed using an immediate postoperative MRI within 

48 hours after surgery, as well as surgical records. Gross total 

removal was defined as a lack of detectable gadolinium (Gd)-

enhancing lesions. Early postoperative treatment, termed ad-

juvant treatment, was defined as radiotherapy or radiosurgery 

performed before the first 6 months after initial surgery. For 

radiation therapy, radiation of 54–61.2 Gy was delivered to the 

postoperative tumor bed during 6 to 7 weeks. For radiosur-

gery, a Leksell Gamma Knife (GK) PERFEXIONTM (Elekta, 

Stockholm, Sweden) was used. After acquisition of an axial 

Gd-enhanced MRI, the lesion was targeted by Leksell Gamma 

Plan software version 10 (Elekta). The senior authors decided 

to proceed to the adjuvant treatments in patients with GTR 

when they had a suspicion that there could be microscopic re-

sidual tumor cells although there was no evidence in postop-

erative MRIs. 

Clinical and radiological follow-up
The first postoperative MRI was followed up 1 or 2 months 

after surgery. If adjuvant treatments were performed, an MRI 

was taken 1 month after the treatments. Radiologic studies 

were then carried out either every 6 or 3 months for grade 2 

and grade 3 meningioma, respectively. Gd-enhanced T1-

weighted sequence was used to evaluate the tumor recurrence 

and the degree of tumor response to adjuvant treatments. 

Whether the recurrence is present or not was systematically 

confirmed by the neuroradiologists in SNUBH. In terms of 

response, determination of treatment response was performed 

according to Macdonald criteria, based on the product of or-

thogonal diameters on the image with the largest Gd-en-

hanced tumor area16).
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Statistical analysis
Data were collected using Excel software (Microsoft, Red-

mond, WA, USA), We tested the normality of the numerical 

data using a Kolmogorov-Smirnov & Shapiro-Wilk test. The 

categorical data was analyzed by using a chi-square test and a 

Fisher’s exact test. The relationship between adjuvant treat-

ment and recurrence rate was analyzed by Firth logistic re-

gression analysis. Progression-free survival points were plot-

ted using Kaplan-Meier estimates. The statistical analysis was 

performed using STATA version 13 (StataCorp, College Sta-

tion, TX, USA). 

RESULTS

Baseline patient, tumor, and treatment charac-
teristics  

Of the total 53 patients with high-grade meningioma, GTR, 

Simpson grade 1 or 2, was achieved in 29 patients. Among 

these 29 patients, 13 patients received adjuvant radiotherapy. 

In the other 24 patients with non-GTR, conventional adjuvant 

radiotherapy and GK were performed in 11 and 10 patients, 

respectively. The other 3 patients did not receive any adjuvant 

treatment. For the patients who had received radiotherapy, ra-

diation of 54–61.2 Gy was delivered to postoperative tumor 

beds during 6 to 7 weeks. Only two patients were given radia-

tion therapy below 54 Gy. One was for the protection of the 

optic nerve (50 Gy) in the case of tuberculum sella meningio-

ma, and the other was due to an early cessation of radiothera-

py (30 Gy) because of increased intracranial pressure after 

surgery. GK was performed in 10 patients with STR. The dose 

of radiation ranged from 8.1 to 18 Gy (mean, 14.2 Gy) in a sin-

gle fraction to the 50% isodense line, and the target volume 

ranged from 1.3 to 28.3 cm3 (mean, 11.9 cm3). 

Baseline patient and tumor characteristics are summarized 

in Table 1. In the adjuvant treatment group, there are more 

patients with non-GTR than in the group receiving no adju-

vant treatment (p=0.001). Comparison between adjuvant and 

no adjuvant treatment groups showed no significant differ-

ence in age, sex, locations of tumor, size of tumor, and Ki-67 

index (p>0.2). There was a trend in which the grade of the me-

ningioma was higher and the number of mitoses per 10 high-

power fields (HPFs) was larger in the adjuvant group than in 

the no adjuvant treatment group, although the trend was not 

statistically significant (p=0.11 and p=0.07, respectively). The 

follow-up period ranged from 13 to 113 months, with a medi-

an follow-up period of 35.5 months.

Recurrence rate with or without adjuvant treat-
ment, according to the extent of removal

We decided to perform a multivariate Firth logistic regres-

sion test for evaluating the effect of adjuvant treatments in re-

ducing the recurrence rate of high-grade meningioma, with 

variables having p-values lower than 0.2. The result showed 

that the recurrence rate was significantly lower in patients 

who received adjuvant treatments in the GTR group, as well as 

in total. Of the total 53 patients, 19 patients suffered with re-

Table 1. Comparison of patient and tumor characteristics by adjuvant 
treatment status

AT (+) AT (-) p-value 

Total 34 (64.2) 19 (35.8)

Age 50 (mean value) 56 (mean value) 0.878

Sex

Male 18 (52.9) 7 (36.8) 0.26

Female 16 (47.1) 12 (63.2)

Location

Convexity 8 (23.5) 4 (21.1) 0.98

Parasagittal 14 (41.2) 7 (36.8)

Skull base 7 (20.6) 7 (36.8)

Posterior fossa 3 (8.8) 0 (0)

Ventricle 2 (5.9) 1 (5.3)

Tumor size 5.3 (mean value) 4.3 (mean value) 0.98

Ki-67 index* 0.461

Mitosis (HPFs)

<5/10 12 (36.4) 3 (15.8) 0.11

>5/10 21 (63.6) 16 (84.2)

Grade 

2 25 (73.5) 18 (94.7) 0.07

3 9 (26.5) 1 (5.3)

Extent of removal

S1–2 13 (38.2) 16 (84.2) 0.001

S3– 21 (61.8) 3 (15.8)

Values are presented as number (%) unless otherwise indicated. *Ki-67 
values were not normally distributed numerical data, therefore Mann-
Whitney U test was used for comparison between adjuvant treatment 
and non-adjuvant treatment group. AT : adjuvant treatment, HPF : high-
power field, S : Simpson grade
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currence. The recurrence rate in the adjuvant treatment group 

was 23.5% (8 out of 34). On the other hand, the rate for the 

non-adjuvant treatment group was 57.9% (11 out of 19) (odds 

ratio [OR]=0.208, p=0.017). Especially, among the 29 patients 

with GTR, 9 patients had shown recurrence during the fol-

low-up period. The recurrence rate was 7.7% (1 out of 13) for 

patients with adjuvant treatment and 50% (8 out of 16) for 

patients without adjuvant treatment (OR=0.121, p=0.04) (Ta-

ble 2). All recurrences were in the tumor bed. We plotted a 

Kaplan-Meier curve for the recurrence-free survival rate, ac-

cording to the extent of removal (Fig. 1). 

Recurrence rate with or without adjuvant treat-
ment, within the grade 2 meningioma

We performed the same logistic regression test within grade 

2 meningioma. The result revealed that the patients treated 

with the adjuvant treatments were statistically less likely to 

suffer from the recurrence than those without the adjuvant 

treatments were. While the recurrence rate in the adjuvant 

treatment group was 28% (7 out of 25), that of the non-adju-

vant treatment group was 55.5% (10 out of 18) (OR=0.147, 

p=0.033). The outcome comparison was adjusted for the ex-

tent of removal and Mitosis No. per 10 HPFs. However, when 

we evaluated the recurrence rate within the subgroup in which 

the patients with GTR and the grade 2 meningioma were in-

cluded, there was tendency where the recurrence rate was low-

er in the adjuvant treatment group, but no statistically signifi-

cant difference, compared with the non-adjuvant treatment 

group (OR= 0.163, p=0.118) (Table 3).

Table 2. Recurrence rate with or without adjuvant treatment

AT (-) AT (+) Adjusted OR* 95% CI p-value

Total 11/19 (57.9) 8/34 (23.5) 0.208 0.057–0.755 0.017

GTR 8/16 (50) 1/13 (7.7) 0.121 0.016–0.912 0.040

STR 3/3 (100) 7/21 (33.3) 0.053 0.002–1.316 0.073

Values are presented as number (%). *Outcome comparison was adjusted for grade of MNG and Mitosis No. per 10 HPFs. AT : adjuvant treatment, OR : 
odds ratio, CI : confidence interval, GTR : gross total removal, STR : subtotal removal

Progression-free survival curve (GTR) Progression-free survival curve (STR)Progression-free survival curve (total)
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Fig. 1. Progression-free survival curve, according to the extent of removal. A : All patients. B : GTR group. C : STR group. GTR : gross total removal, STR : 
subtotal removal.

Table 3. Recurrence rate with or without adjuvant treatment within the grade 2 meningioma

AT (-) AT (+) OR 95% CI p-value

Total 10/18 (55.5) 7/25 (28) 0.147* 0.015–0.457 0.033

GTR 8/16 (50) 1/13 (7.7) 0.163† 0.016–1.675 0.118

Values are presented as number (%). *Outcome comparison was adjusted for Mitosis No. per 10 HPFs. †Analysis was performed by the Fisher’s exact 
test. AT : adjuvant treatment, OR : odds ratio, CI : confidence interval, GTR : gross total removal
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Complications
During adjuvant treatment (i.e., radiotherapy and radiosur-

gery), patients reported fatigue, headache, nausea, dizziness, 

and skin irritation at portals. However, the degree of the 

symptoms was not severe, corresponding to grade 2 or below 

according to Common Toxicity Criteria for Adverse Events 

(CTCAE) version 4.0. All patients were sufficiently treated 

with simple medications (e.g., analgesics, steroid, anti-emetics, 

topical skin agents). According to data, there were no notable 

long-term complications whose severity was above grade 3 in 

modified Rankin Score, although there were some reports 

from patients about memory disturbance, cognitive distur-

bances, and other non-specific symptoms that are possibly re-

lated to radiotherapy. 

DISCUSSION

The aim of this study is to evaluate the efficacy of adjuvant 

treatments after resection of high-grade meningioma (i.e., 

grade 2 or 3). In this study, we found that postoperative adju-

vant treatments could reduce the recurrence rate in patients in 

the GTR group. 

Although it is maximal surgical removal for all meningio-

ma, irrespective of the grade, that most affects the progno-

sis4,13,17,19), high-grade meningioma is well known to recur even 

after GTR. If it recurs, repeated surgical procedures usually 

ensue. This poses problems related not only to mortality but 

also to morbidity, significantly reducing the quality of life15). 

Therefore, reducing the recurrence rate is closely associated 

with better outcomes. However, the literature that has been 

published during the last 10 years has given controversial re-

sults about the role of adjuvant radiotherapy after GTR. Ac-

cording to our results, this study gives more strength to the 

policy that recommends routine postoperative radiotherapy 

even after GTR. 

In 2009, Aghi et al.1) found a high rate of recurrence (41%) 

for atypical meningioma 5 years after GTR; although their 

data did not show a statistically significant effect, the authors 

found a suggested benefit of postoperative radiation in tumors 

after GTR. In 2012, Komotar et al.9) included only a GTR 

group in their study and presented that there was no recur-

rence in 92% of patients who received postoperative radio-

therapy compared with 59% of patients who did not 

(p=0.085), demonstrating a strong trend towards improved 

local controls with adjuvant radiotherapy. In contrast, there 

are still many papers arguing against routine postoperative ra-

diotherapy after GTR. In a 2011 study evaluating the role of 

postoperative radiotherapy for 114 patients after resection for 

atypical meningioma, Mair et al.12) found that neither radio-

therapy nor the extent of resection statistically impacted re-

currence for the entire group; these authors then recommend-

ed against postoperative radiotherapy for patients after GTR 

of their tumors. In 2013, Lee et al.11) reported that although ra-

diotherapy significantly decreased the risk of recurrence 

among patients after STR, there was no statistical effect after 

GTR. In the same year, Hardesty et al.6) suggested that neither 

adjuvant radiotherapy nor adjuvant radiosurgery affected the 

tumor recurrence rate. 

However, according to a systematic review article published 

in 2014, the most important cause of these disparate results 

driven from the previous studies is a consequence of flaws in 

each paper. This study has reviewed a total of 14 studies pub-

lished from 1994 to 2011. They insisted that several studies 

showed trends toward clinical benefits with adjuvant radio-

therapy and that the paucity of statistical significance is likely 

a result of small sample sizes and a lack of statistically signifi-

cant correlation8). Furthermore, they found that an increased 

radiation dose almost always correlated with better prognosis 

in terms of disease control, which makes it probable that adju-

vant radiotherapy plays a positive role compared with surgery 

alone. Additionally, in 2015, Hasan et al.7), through a meta-

analysis, conclude that adjuvant radiotherapy provides im-

proved local control of atypical meningioma. This study in-

cludes the patients from most of the articles mentioned above 

and has shown the overall benefit of the adjuvant radiotherapy 

for reducing the recurrence rate, regardless of the conclusions 

derived from each paper. 

In our study, relatively constant intervals between surgery, 

adjuvant treatments and routine imaging follow-up helped to 

better assess the relationship between the adjuvant treatments 

and the recurrence rate. All patients in the adjuvant treatment 

group had received the treatment within 6 months after the 

first surgery. It has been reported that adjuvant radiotherapy 

seems to be more likely to control a disease when it is admin-

istered during the initial diagnosis rather than during the re-

currence of high-grade meningioma8). Dziuk et al.5) found that 

adjuvant radiotherapy at initial diagnosis was associated with 
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a reduced recurrence rate of malignant meningioma (20% vs. 

67%), while patients with recurrent disease fared poorly re-

gardless of adjuvant radiotherapy administration (75% radio-

therapy-treated vs. 78% untreated). After surgery, the first 

postoperative MRI was followed up 1 month after surgery. 

Then, almost all patients visited every 3 or 6 months for their 

MRI follow-up. In most other retrospective studies, the au-

thors perform a time-to-event analysis, depending on patients’ 

symptoms, to decide whether or not to follow-up with an im-

aging study. 

The adverse effects of radiotherapy on the brain should al-

ways be taken into account when patients are given this treat-

ment. It is important to consider these effects thoroughly be-

fore making a consensus to support routine adjuvant 

radiotherapy, regardless of the extent of removal. The adverse 

effects include radionecrosis, malignant transformations, and 

delayed cognitive disorders. However, these sequelae may be-

come less problematic with the introduction of more modern 

methods of radiation delivery, such as intensity-modulated ra-

diotherapy, and reduced radiation exposure to adjacent brain/

neural structures10). Furthermore, van Nieuwenhuizen et al.21) 

demonstrated that radiotherapy following surgery did not 

have additional deleterious effects on impaired long-term 

neurocognitive function in meningioma patients, and it was 

suggested that neurocognitive deficits could be partly attrib-

uted to the use of antiepileptic drugs as well as tumor location, 

but not to the use of radiotherapy2).

The current study has several limitations including the ret-

rospective nature of the study, the relatively small number of 

patients, and the possible heterogeneous decisions about adju-

vant treatment according to the physicians even within the 

same institute. Additionally, the patient group was not homo-

geneous in that both grade 2 and 3 meningioma are grouped 

together and classified as high-grade meningioma. Although 

we indeed showed the efficacy of the adjuvant treatment in re-

ducing the recurrence within grade 2 meningioma, we could 

not show the same efficacy in the most controversial group 

which the patients with grade 2 meningioma and GTR belong 

to. This is because the number of the patients was insufficient 

to reveal a statistically significant conclusion. Further valida-

tion will be possible through the results from the randomized 

trials with large numbers of patients.  

CONCLUSION

This study showed that adjuvant treatment appears to be 

safe and effective, and could lead to a lower recurrence rate in 

high-grade meningioma, regardless of the extent of removal. 

Our results might be used as a reference for decision making 

when planning adjuvant treatment for patients with high-

grade meningioma after surgery. 
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