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INTRODUCTION

Despite maximal surgical and medical treatment, the World Health Organization (WHO) 
grade 2 and grade 3 meningiomas behave aggressively with a high proclivity toward recurrence. 
e standard of care for partially resected WHO grade 2 and all WHO grade 3 meningiomas is 
surgical resection followed by adjuvant radiation. e role of adjuvant radiation for completely 
resected WHO grade  2 meningiomas remains debated. Regardless of treatment, these 
meningiomas often recur, presenting with more aggressive, higher-grade features with increasing 
resistance to current treatment modalities.[18]

ABSTRACT
Background: e World Health Organization (WHO) grade  2 meningiomas behave aggressively with a high 
proclivity toward recurrence despite maximal surgical resection. Our institution, a pioneer of proton therapy, uses 
exclusively proton beam radiation, and thus, we present a retrospective cohort analysis of patients with WHO 
grade 2 meningiomas treated with adjuvant proton beam therapy (PBT) at our institution between 2007 and 2019. 
e effects of adjuvant PBT were evaluated.

Methods: Data collected include diagnosis, gender, histological subtype, WHO grade, the extent of surgical 
resection, adjuvant PBT radiation, details of the PBT radiation, recurrence, any additional PBT radiation, 
systemic medical therapy, and disease-specific survival.

Results: Among the WHO grade 2 meningiomas (n = 50) recommended PBT, 80% and 78% of patients with 
gross-total resection (GTR) and subtotal resection (STR), respectively, followed through with PBT. e median 
radiation dose of PBT was 59.5 Gy and 59.92 Gy for patients with GTR and STR, respectively, with a median of 33 
fractions delivered in 1.8 Gy doses for both groups. Combined 3-year progression-free survival (PFS) was 96%, 
and 5-year PFS was 92%. Combined overall survival was 95% at five years. Minimal radiation side effects were 
reported with no grade 3 or higher toxicities.

Conclusion: Our results suggest that adjuvant PBT is well tolerated with minimal radiation toxicity. Alternative 
to photon radiation, PBT may be considered at least as safe and effective for adjuvant treatment of WHO grade 2 
meningiomas when it is available.
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Due to advancements in radiation techniques, several 
new options have emerged for the delivery of radiation to 
meningiomas. While photons are utilized to deliver radiation 
conventionally, particle therapy, using protons or carbon 
ions, is a newer modality to deliver radiation. Similar to 
stereotactic radiation therapy with photons, particle therapy 
also utilizes the stereotactic method. Compared with 
photons, protons, and carbon ions more precisely deliver 
higher radiation doses to tumor cells while limiting radiation 
to adjacent brain structures.[2-6,11,18] However, the application 
of both proton and carbon ion therapies is limited due to 
less availability and higher costs than photon radiation 
therapies.[4,11,18]

Our institution, a pioneer of proton therapy treatment, uses 
exclusively proton beam radiation, and thus, we present a 
retrospective analysis of a cohort of appropriate patients with 
WHO grade 2 meningiomas who were treated with adjuvant 
proton beam therapy (PBT).

MATERIALS AND METHODS

is study was approved by the Loma Linda University 
Institutional Review Board (IRB No.  5190476). Patients 
treated for a WHO grade  2 meningioma at our institution 
between 2007 and 2019 were included in the study. Due to 
the limited treatment of patients with the WHO grade  3 
meningioma, these patients were excluded from the study 
analysis. In 2007, the WHO grading system was updated 
to include brain invasion as a criterion for classification as 
grade 2, and thus, tumor grading from 2007 forward should 
be more homogeneous than with years prior. e 2007 time 
point to ensure similar diagnostic criteria and subsequent 
management decisions was applied to all patients in the study. 
Patients diagnosed at our institution but treated elsewhere 
were excluded from the study. Patients who were treated at 
another institution and established care for follow-up after 
treatment were also excluded from the study.

All patients were treated at Loma Linda University 
Medical Center’s hospital-based proton therapy facility. 
ey were immobilized with thermoplastic masks and 
received treatment planning using 3D contrast-enhanced 
computed tomography with magnetic resonance imaging 
(MRI) registration. e clinical target volume included 
a 5  mm expansion, and proton beam-specific apertures 
and compensators were designed using proton treatment 
planning software. Most patients received 2–4 fields of 
passively scattered proton beams, with a 2–3  mm planning 
target volume margin added to account for penumbra and 
immobilization uncertainties. e dose equivalent to photons 
was calculated using a relative biological effectiveness value 
of 1.1. e general policy was to treat the entire tumor 
bed and any residual enhancing disease to 59.4 GyE in 33 
fractions, but alternative fractionation or dose escalation was 

at the physician’s discretion. Organs at risk were limited to 
standard constraints, including a Dmax of 54Gy for optics 
and 60Gy for the brainstem. Data collected include diagnosis, 
gender, histological subtype, WHO grade, extent of surgical 
resection, adjuvant radiation and details of the radiation, 
recurrence, any additional radiation, chemotherapy, or other 
systemic medical therapy, and disease-specific survival. 
Adverse events from radiation were also evaluated. All 
patients treated with adjuvant radiation at our institution 
received PBT.

Data were analyzed using SPSS version  26.0 (IBM SPSS 
Statistics for MacIntosh. Armonk, NY: IBM Corp, 2019). e 
Kolmogorov–Smirnov test for normality determined data is 
not normally distributed, so non-parametric statistics were 
used when appropriate.

RESULTS

WHO grade 2 meningiomas

Fifty patients had WHO grade  2 meningiomas with 54% 
females. e median age of diagnosis was 62 years, ranging 
from 11 to 86 years. More detailed demographic, tumor, and 
treatment information is provided in Table 1.

Convexity meningiomas were the most common (50%), 
followed by falcine (22%) and anterior skull base (22%) 
meningiomas. ree patients had intraventricular 
meningiomas. Tumor size varied from the smallest 
meningioma, measuring 1.8  cm, to the largest, measuring 
10.1 cm, with a median of 5.0 cm.

On histopathology, the WHO grade  2 meningiomas were 
90% atypical, 4% choroid, 4% clear cell, and 2% fibrous 
subtypes. Of note, the fibrous subtype had evidence of brain 
invasion, which independently classifies it as WHO grade 2. 
Gross total resection (GTR) was achieved in 22  patients 
(44%) and subtotal resection (STR) in 28 patients (56%).

Adjuvant radiation using PBT was recommended in 36% 
of patients with GTR and 82% of STR as initial treatment. 
Adjuvant radiation was recommended at physician discretion 
based on patient performance status, extent of tumor 
resection, initial tumor size, extent of tumor invasion of 
local structures, prior infield radiation treatment, and tumor 
proliferation index [Figure 1]. Among those recommended, 
80% and 78% of patients with GTR and STR, respectively, 
followed through with PBT. Among those patients otherwise 
indicated for adjuvant PBT, the main reasons for not 
recommending radiation were prior cranial radiation and 
poor overall health status. Similarly, the main reason patients 
recommended for adjuvant PBT declined was overall poor 
health status. e median radiation dose of PBT was 59.5 Gy 
and 59.92  Gy for patients with GTR and STR, respectively, 
with a median of 33 fractions delivered in 1.8 Gy doses for 
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both groups. Increased MRI T2 changes were seen in 16% on 
repeat imaging after PBT.

roughout the study, among all patients with WHO grade 2 
meningiomas, there were six patients with recurrences with 
a 3-year progression-free survival (PFS) of 96% and a 5-year 
PFS of 92%. Among those patients with GTR, progression 
occurred in 5  patients (18%) and one patient (5%) with 
STR. Among those with GTR, the 3-year PFS was 93%, 
and the 5-year PFS was 89%. Among those with STR, the 
3-year PFS was 100%, and the 5-year PFS was 95%. During 
initial treatment, adjuvant radiation of PBT was previously 
recommended for all six patients who ultimately recurred, 
yet only 50% were radiated. All recurrent meningiomas 

remained WHO grade 2 with no change in histopathologic 
subtype and no gross evidence of malignant progression such 
as a new brain invasion.

Among all WHO grade 2 meningiomas, three total patients 
died for an overall survival (OS) rate of 94% at 3 and 5 years. 
ere was 93% (26 of 28 patients) and 95% (21 of 22 patients) 
OS at 3 and 5 years in those with GTR and STR, respectively. 
One patient with STR died from meningitis shortly after 
surgery before receiving radiation recommendations. One 
patient with GTR was recommended radiation, but he 
ultimately declined the treatment. e other patient with 
GTR was not recommended for adjuvant radiation. Both 
GTR patients died within a year, one of cardiac arrest and 
the other a stroke. None of the deceased patients received 
adjuvant radiation with PBT before death. Furthermore, the 
three deceased patients all died during initial treatment after 
meningioma diagnosis, not from recurrence or recurrence-
related complications.

ere was minimal severity of acute and long-term radiation 
adverse effects with no grade 3 or higher toxicities. Among 
the 36% of patients who reported minor symptoms, the most 
common acute effects included headache (16%), memory 
changes (9%), fatigue (6%), and the most common long-term 
effects included speech changes (4%), hearing loss (2%), and 
hair loss (2%).

DISCUSSION

Adjuvant radiation is considered the standard of care for 
patients with WHO grade  3 and incompletely resected 
WHO grade 2 meningiomas. e role of adjuvant radiation 
for patients with completely resected WHO grade  2 
meningiomas remain debated. Regardless of treatment, 
the WHO grade 2 and 3 meningiomas have a penchant for 
recurrence. Recurrent meningiomas often exhibit higher-
grade features, becoming refractory to standard surgical and 
radiation therapies.

Conventional radiation utilizes photons to deliver radiation 
as fractionated radiotherapy or SRS techniques. Evidence in 
the literature supports photon radiation as a generally safe, 
effective, and widely available treatment for appropriate 
patients with WHO grade 2 and 3 meningiomas. e benefit 
of SRS remains to be clearly defined in the literature. Due 
to the propensity of high-grade meningiomas to infiltrate 
the dura and other adjacent structures combined with the 
smaller margins used for SRS, the 5-year PFS is relatively low, 
ranging from 34% to 56% with recurrences often occurring 
elsewhere in untreated areas of resection cavities.[10,13,17,19]

RTOG 0539 and EORTC 22042-26041 are two prospective 
non-randomized trials that have compared fractionated 
radiotherapy to historical control for the treatment of high-
grade meningiomas.[12,14] RTOG 0539 analyzed 48  patients 

Table 1: Demographic and tumor data.

WHO grade 2, 
GTR

WHO grade 2, 
STR

Number of patients 28 22
Age at diagnosis, median 
(IQR*; range)

50 years (39–71; 
11–86)

66 years (59–73; 
43–80)

Sex (%)
Female 16 (57) 11 (50)
Male 12 (43) 11 (50)

Location (%)
Convexity 15 (54) 10 (46)
Falcine 6 (21) 5 (23)
Skull base 4 (14) 7 (31)
Intraventricular 3 (11) 0 (0)
Tumor size, median (IQR) 4.6 cm (3.5–6.5) 5.4 cm (3.7–6.0)

Adjuvant radiation (%)
Recommended 10 (36) 18 (82)
Received 8 (80)** 14 (78)**

Radiation dose
Total dose, median (IQR) 59.50Gy 

(59.40–60.32)
59.92Gy 

(59.40–60.34)
Number of fractions, 
median (IQR)

33 (31–33) 33(33–38)

Dose per fraction, median 
(IQR)

1.82Gy 
(1.80–1.83)

1.81Gy 
(1.80–1.82)

Recurrence (%) 5 (18) 1 (5)
Time to recurrence, median 
(IQR; range)

5 years (2.5–8.5; 
2–11)

5 years (n/a)***

Death (%) 2 (7) 1 (5)
Time to death 1 year (n/a) n/a
Follow-up length, median 
(IQR)

4.1 years 
(1.9–6.0)

3.9 years 
(1.2–5.4)

*IQR: Interquartile range, GTR: Gross-total resection, STR: Subtotal 
resection, WHO: World Health Organization, Variables with missing 
data are listed with percent of patients with data. **Percent of patients 
radiated among those recommended adjuvant radiation, ***Not enough 
patients to calculate IQR or other measures of variance, Of note, time 
to recurrence was longer than the median follow-up time since the 6 
patients that had recurrence had longer median follow-up than the 
median follow-up of the entire study of 50 patients. See manuscript for 
more details
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with WHO grade 2 meningiomas treated with radiotherapy 
(54 Gy in 30 fractions). e study reported a 3-year PFS of 
98.3% compared with the historic estimate of 70%. e study 
also showed a local recurrence rate of 4.1% over three years 
with no grade  3 or higher radiation toxicities.[12] EORTC 
22042-26041 described 78  patients with WHO grade  2 
meningiomas treated with radiotherapy (60  Gy in 30 
fractions) with a three-year progression of 88.7%. ere was 
a recurrence rate of 14.3% over three years, and this study 
reported 8.9% of patients with late grade  3 or 4 radiation 
toxicity.[14] ese studies have led to two ongoing randomized 
control trials, NRG-BN003 and ROAM/EORTC-1308.

A major disadvantage to photon radiation is off-target 
radiation damage to the surrounding healthy tissue. 
Particularly in recurrent meningiomas, photon radiation 
utility is often limited by the surrounding healthy tissue’s 
tolerance to more radiation.[4,11] Particle therapy utilizes 
protons or carbon ions to deliver radiation. Compared with 
photons, particles are more massive, allowing for more precise 
and homogenous delivery of higher radiation doses to tumor 
cells while minimizing off-target radiation to the surrounding 
healthy brain tissue. Several studies described fewer radiation-
induced toxicities with particle therapy and are considered 
safe and effective for both initial treatment and re-irradiation 
in patients with recurrent or progressive disease.[1-4,6,8,11] 
Disadvantages of particle therapy include limited availability 
and higher cost than photon radiation.[4,11,16,18]

Although there is a paucity of high-quality evidence on 
particle therapy in the treatment of WHO grade  2 and 3 
meningiomas, several smaller retrospective studies have 
been published.[7,9,15] Murray et al. describe their analysis 
of 35 patients with the WHO grade 2 (n = 33) or 3 (n = 2) 
meningioma combined and treated with adjuvant PBT 
with a mean dose of 62.0 Gy (range 54–68 Gy). e authors 
report nine recurrences and five deaths, all occurring in 

the WHO grade  2 meningiomas, over a median follow-
up of 56.9  months (range 12–207  months).[9] In another 
study, McDonald et al. described 22 patients with the WHO 
grade  2 meningioma treated with PBT with a median dose 
of 63  Gy (54–68  Gy) over a median of 39  months (range 
7–104 months). Five recurrences occurred over a median of 
20  months (range 13–39  months) following completion of 
PBT, and all patients were alive at the end of the study.[7]

However, few studies evaluate solely PBT for the treatment 
of WHO grade  2 meningiomas, and to the best of our 
knowledge, the present study is the largest study with 
50  patients. Furthermore, ours is the only study that 
delineates between extent of resection and does not combine 
results for initial and recurrent treatments. Fortunately for 
our patients, only a minority of patients suffered recurrence 
or mortality; however, this small number of patients limited 
the extent of subgroup statistical analysis on those patients. 
Based on the results of the present study, PBT appears to be 
at least as effective as photon based fractionated radiotherapy 
for adjuvant treatment of the WHO grade 2 meningiomas. As 
described above, the RTOG 0539 and EORTC 22042-26041 
reported 3-year PFS of 98.3% and 88.7%, respectively. e 
present study found a 3-year PFS of 96% among all patients 
treated with PBT. Furthermore, PBT also appears to be at least 
as safe as SRS, with the above studies reporting 0% and 14.3% 
of patients with grade 3 or higher radiation toxicity, and the 
present study found no grade 3 or higher radiation toxicities.

Limitations include the small sample size and short 
length of follow-up. Another limitation includes analysis 
of the patients who died. Of the patients with grade  2 
meningioma, three patients died, making subgroup analysis 
of these patients challenging. Interestingly, none of these 
patients died of complications related to meningioma. 
Finally, another limitation of our study is the difficulty with 
comparing photon radiation with PBT as our institution does 

Figure 1: Flow chart of patient selection for treatment with proton beam therapy (PBT).
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not have photon therapy for comparison, and according to 
the literature, many of the studies on photon-based therapies 
for the treatment of meningioma are small, poorly powered 
studies with inconsistent results.[18] However, further research 
may consider additional exploration of morbidity and 
mortality in these patients.

CONCLUSION

PBT is considered at least as safe and effective as conventional 
photon radiation for both initial treatment and re-irradiation 
of recurrent meningiomas. e results of this study suggest 
that adjuvant PBT is well tolerated with minimal radiation 
side effects and no grade  3 or higher radiation toxicity 
reported. PBT is associated with improvements in the 
progression, recurrence-free survival, and OS in appropriate 
patients with WHO grade  2 meningiomas compared with 
historical data, and it appears to be at least as effective and 
safe as SRS. Alternative to photon radiation, PBT may be 
considered safe and effective for adjuvant treatment of WHO 
grade 2 meningiomas when it is available.
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