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Abstract

Purpose: Radiosurgery and fractionated intensity modulated radiation therapy (IMRT) are effective treatment modalities for meningiomas
and schwannomas. Although fractionated IMRT yields favorable tumor control, daily treatments for 5 to 6 weeks can be burdensome for
patients and health care systems. Thus, hypofractionated radiation may be a reasonable alternative. The purpose of this study was to review
the results of patients with benign meningiomas or schwannomas treated at our institution with moderately hypofractionated IMRT.
Methods and Materials: After institutional review board approval, patients treated at a single academic institution between 2008 and
2018 with a primary diagnosis of either meningioma or schwannoma and who received 30 Gy at 3 Gy per fraction were identified.
Patient and tumor characteristics, as well as follow-up documentation, were reviewed. Tumor progression was determined by reviewing
patient imaging and provider notations.

Results: From 2008 to 2018, 70 patients with either meningioma or schwannoma were treated to 30 Gy. The median patient age was 73
years (range, 43-92 years). At the median follow up of 3.2 years, the local control was 92.9%. Two patients (2.9%) had disease
progression, which occurred at 9.6 and 6.6 years after treatment. One patient developed asymptomatic radiographic changes consistent
with radiation necrosis, which resolved without intervention. All patients completed the prescribed course without interruption. The
mean tumor volume was 18.9 cm®, median volume was 36.6 cm® (range, 3.4-245.5 cm?), and tumor volume was not associated with
recurrence risk. Both tumors with progression were schwannomas.

Conclusions: Hypofractionated radiation with 30 Gy at 3 Gy per fraction is an effective, convenient, and well-tolerated alternative for
patients with benign meningiomas or schwannomas. Modest hypofractionation provided durable control for a wide range of tumor
volumes and should be considered for patients with a limited life expectancy or those unable to receive a more extended fractionated
radiation therapy course.

© 2020 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Meningiomas and schwannomas are benign tumors of
the central nervous system (CNS). These tumors account
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due to symptomatic burden or interval increase in size.
Both symptomatic burden and rate of growth influence
management decisions. Radiation therapy (RT) can be
used as a primary treatment modality or after surgical
resection as indicated.

Radiation to meningiomas and schwannomas can be
delivered as single-fraction stereotactic radiosurgery
(SRS) or fractionated stereotactic radiation depending on
the tumor size and location relative to critical organs at
risk. In general, patients can be divided into 3 groups of
fractionation: SRS (<5 fractions), fractionated radiation
(>25 fractions), and moderately hypofractionated
radiation.

For tumors not amenable to radiosurgery, fractionated
RT is an alternative option that provides excellent local
control. However, conventional fractionation requires 5 to
6 weeks of daily radiation, which can lead to financial
toxicity and patient inconvenience, especially for the
elderly. Consequently, having a fractionated radiation
treatment available to patients who are not candidates for
radiosurgery would be ideal.

Previous reports have suggested that a lower biologi-
cally effective dose (BED) may be sufficient to control
these benign tumors due to a lower alpha/beta ratio.'
Although multifraction radiosurgery regimens have been
reported, there have been no significant reports of
moderately hypofractionated treatment.'® The purpose of
this study was to review single-institution local control
and toxicity outcomes of patients with meningiomas or
schwannomas treated with a moderately hypofractionated
radiation regimen.

Methods and Materials

After institutional review board approval, our institu-
tional radiation treatment planning database was queried
for patients with a primary diagnosis of either meningi-
oma or schwannoma who had received 30 Gy at 3 Gy per
fraction. This fractionation was typically offered to either
elderly patients (age >65 years) or those with travel
limitations precluding daily treatment for 5 to 6 weeks
that is standard with a conventionally fractionated
approach. In addition to patients with a limited life ex-
pectancy, moderate hypofractionation was also used for
larger volume tumors with an increased risk for toxicity to
critical structures, such as the brain stem or optic struc-
tures, which precludes the use of single- or multifraction
treatments.

Patients were treated using intensity modulated RT.
All patients underwent computed tomography (CT)
simulation after the creation of a thermoplastic head mask
for daily immobilization. CT simulation images were
registered to magnetic resonance images (MRIs) with and
without contrast using Velocity (Varian Medical Systems,
Palo Alto, CA). Gross target volume was defined as the

gross enhancing tumor on postcontrast isotropic 3-
dimensional MRIs. Clinical target volume incorporated
the risk of subclinical disease extension and used an
expansion of 2 mm in most cases (range, 0-5S mm). The
planning target volume, incorporating setup uncertainty,
was generally 3 mm (range, 1-3 mm). On-board imaging
was used daily for setup confirmation.

Medical records were reviewed for patient baseline
demographic information and tumor characteristics such
as tumor site and volume. Additional clinical outcomes,
such as tumor control and treatment toxicities, were
retrospectively reviewed. Toxicities were graded based on
the Common Terminology Criteria for Adverse Events,
version 4.03.”

Patients returned for follow up 1 month after RT with a
brain MRI with and without contrast. Follow up, con-
sisting of a brain MRI and a history and physical exam-
ination, occurred every 6 to 9 months for the first 3 years
and annually thereafter. Tumor progression was deter-
mined by a review of patient imaging, need for additional
therapy, and provider notation. The presence of radiation
necrosis was based on MRI radiology reports. Patients
without evidence of a recurrence or death were censored
at the time of the last follow up and not counted as events
in the progression-free survival analysis. Tumor volume
changes were calculated by the minimum cross-sectional
tumor length change between treatment planning and the
most recent follow-up image.

Statistical analysis

The descriptive statistics for each variable were re-
ported. For numeric covariates, the median and range
were calculated and presented, and frequency and its
percentage are shown for categorical variables. A Kaplan-
Meier curve is presented for progression-free survival.
The statistical analysis was conducted using SAS, version
9.4.

Results

Between 2008 and 2018, 70 patients with meningi-
omas or schwannomas who received moderate hypo-
fractionation were identified. All 70 patients received
moderately fractionated intensity modulated RT with 30
Gy at 3 Gy per fraction. Sixty-four patients were treated in
the definitive setting and 6 patients in an adjuvant setting.
No patients had received prior radiation, and no patients
were treated in the salvage setting. There were no dif-
ferences in outcomes in adjuvant- versus definitively
treated patients.

The group consisted of 60% meningiomas and 40%
schwannomas. Patient baseline characteristics are listed in
Table 1. The median age at the time of radiation was 73
years (range, 43-92 years), and most patients were
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Table 1  Patient and tumor pretreatment characteristics
Median age, years (range) 72 (56-92)
Sex, n (%) 43 female (61) 27 male (39)
Eastern Cooperative ECOG 0: 14 (20)
Oncology ECOG 1: 47 (67)
Group score, n (%) ECOG 2: 6 (9)
ECOG 3: 3 (4)

Meningioma, n (%); VS, n (%) 40 (57)

Median tumor size, cm’ (range) 36.6 (3.1-245.5)
Prior resection, n (%) 6 (9)
Symptomatic, n (%) 69 of 70 (97)
Abbreviations: ECOG = Eastern Cooperative Oncology Group; VS
= Vestibular Schwannoma.”

30 (43)

symptomatic at the time of presentation. The mean tumor
volume was 18.9 cm® and median volume was 36.6 cm’
(range, 3.4-245.5 cm?). Most patients did not have a prior
biopsy or surgical resection. Of the 6 patients (8%) who
had a surgical resection before radiation, pathology
testing confirmed World Health Organization grade 1
tumors in all cases. The median number of follow up MRI
scans was 5 (range, 1-9).

Ninety-three percent of our population was age >60
years and 61% was age >70 years at the time of treat-
ment. Uncommonly, this schedule was used in younger
patients, such as age 43 years, who were treated for a 100
cm’® tumor bordering the optic apparatus and who lived a
substantial distance from the treatment center.

Local control and survival

At the median follow up of 3.2 years, the local control
rate was 92.9% (Fig 1). The median follow up of 3.2
years included both clinical and radiographic follow up.
The local control at 3, 5, and 8 years was 100.0%,
100.0%, and 92.9%, respectively (confidence interval
[CI], 59.1%-99.0%). Meningioma location was diverse
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Figure 1 K-M curve for progression-free survival.

including cavernous sinus, cerebellopontine angle, sphe-
noid wing, as well as others (Table 2). Vestibular
schwannomas were the most common with respect to
anatomic location (Table 2). Two patients had disease
progression, and the time from radiation treatment until
progression was 9.6 years and 6.6 years. Both tumors that
progressed were schwannomas. After progression, 1 pa-
tient was offered microsurgical resection while the other
had asymptomatic progression and was observed. Post-
treatment tumor volume decrease was uncommon: <10%
of patients had >25% volume decrease (Table 2). All
patients completed the prescribed course without
interruption.

The overall survival data mirrored the local control
data, except for a single patient who passed at our center
from a comorbid condition. Many patients were treated as
community referrals and were lost to follow up or only
seen for interval follow up of their brain tumors.

Toxicity, symptom, and size response

Treatment was well tolerated with most patients
experiencing grade 1 to 2 side effects, including fatigue,
headache, or nausea (Table 2). One patient (1.4%)
developed asymptomatic radiographic changes consistent
with grade 1 radiation necrosis, which resolved without
intervention. Three patients experienced grade 3 fatigue
that resolved without intervention.

Ninety-seven percent of patients were symptomatic at
the time of presentation with a variety of presenting
symptoms, including grade <2 hearing loss or balance
difficulties (60%), visual changes (15%), and trigeminal
pain (15%). Three patients (5%) presented with seizures,
and although none of the patients had a seizure recur-
rence, they remained on antiepileptic treatments
throughout the follow up. One patient developed wors-
ening of symptoms related to tumor recurrence, but the
remainder of patients had stable or marginally improved
symptoms. Of the patients who presented with trigeminal-
related pain (15%), no changes in pharmacologic therapy
was noted. Unfortunately, no objective measures were
assessed, such as baseline hearing or balance testing. Five
patients had a decrease in tumor size of >25%, and most
size changes occurred within the first 3 years.

Discussion

This study demonstrated effective local control with
the use of moderately hypofractionated radiation for
benign CNS tumors. This finding is supported by the
relatively large single-institution cohort described
and with adequate follow up for an elderly population
with a limited life expectancy. Additionally, a variety
of tumor locations and sizes were amenable to
treatment with this regimen. Although originally used to
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Table 2

Tumor sites, treatment planning, toxicity, and volume change

Meningioma location (n = 40)

Schwannoma location (n = 30)

Adverse effects, n (%)™

Clinical target volume margin, mm (%)

Volume change, decrease, n (%)

Sphenoid wing 9
Cerebellopontine angle 9
Cavernous sinus 6
Other 16
Vestibular 26
Trigeminal 3
Facial 1
Fatigue grades 1-2 48 (69)
Fatigue grade 3 2(3)
Nausea grade 1 10 (14)
Headache grade 1 10 (14)
Radiation necrosis grade 1 1(1)
0 10 (14)
2 27 (39)
3 22 (31)
5 9 (13)
Stable 65 (93)
>25% 5(@)

* Common Terminology Criteria for Adverse Events, version 4.03

maximize convenience for elderly patients, the regiment
also capitalizes on the radiobiologic advantage of
hypofractionation.

Numerous publications have previously reported a low
BED for benign CNS tumors. One study by Vernimmen
et al. investigated this ratio for both meningiomas and
vestibular schwannomas through the use of fractionation
equivalent plots and Tucker calculations incorporating
previously published studies that cover a variety of
conventionally and hypofractionated radiation schedules.'
The researchers identified an alpha/beta ratio of 3.3 Gy to
3.7 Gy for meningioma and 1.8 Gy to 2.4 Gy for acoustic
neuroma. These values are congruent with other pub-
lished literature.>'*'? Given an alpha/beta ratio of 3, a
schedule of 30 Gy at 3 Gy per fraction delivers a BED of
60 Gy. This is comparable to a schedule of 25 Gy at 5 Gy
per fraction that delivers a BED of 66.67 Gy.

The control rate we observed using moderately hypo-
fractionated radiation was similar to other series, our
median tumor volume was significantly larger, and our
side effect burden was lower. Flickinger et al. reported on
the single-fraction treatment of 219 benign meningiomas
using gamma-knife SRS, and found a control rate of 93%
at 5 and 10 years with a median treatment volume of 5.0
cm?® (range, 0.47-56.5 cm3). However, the researchers
also encountered actuarial post-SRS injury in 8.8% of
patients with an increased risk of injury correlating with
larger tumor volumes, which is similar as shown in other
published reports.'”'® Pollock reported on 356
meningiomas treated with single-fraction SRS, found a
control rate of 94% at the median follow up of 3.5 years,
and noted a median tumor volume of 7.3 cm? (range,
0.5-50.5 cm’) and treatment-related complication rate of
8%."" Similarly, Vernimmen reported on 18 skull

meningiomas treated with a 3-fraction course of proton
radiation, and found a control rate of 88% with a mean
target volume of 15.6 cm’ (range, 2.6-63 cm?).'®
Publications of hypofractionated regimens have reported
similar rates of control (>90%), but with a limited range
of tumor volumes (<75 cm®).*'"'?* In the context of
these studies, our findings support a similar efficacy of
moderately hypofractionated radiation for larger tumor
volumes (up to 245 cm?) and those near critical structures.

In addition to convenience, tolerance, and radiobio-
logic advantages, this regimen could also decrease health
care-associated costs of treatment. With the advent of
advanced payment models, the capacity to deliver hypo-
fractionated radiation for a variety of tumor sizes and
locations will be critical. As shown in prostate cancer,
where a shift from 44 to 20 treatment days decreased
treatment-associated costs by 50%,” the ability to move
from 30 to 10 treatments for benign meningiomas and
schwannomas could have a similar impact.

The limitations of our study include a lack of objective
symptomatic measures at the time of diagnosis and follow
up, limited long-term follow up in an elderly patient
population, and problems inherent to a retrospective
analysis, such as selection bias. In particular, longer
follow up is critical in evaluating meningioma treatment
regimens based on the capacity for recurrence at >10
years after treatment.”® Given the elderly population we
evaluated, patients could have died from comorbid con-
ditions before evidence of tumor progression. Despite
these limitations our study provides substantial evidence
for moderately hypofractionated radiation from a sizeable
single-institution cohort. Additionally, given the age of
our study population, a follow-up of 3 years supports the
use of this regimen in patients with multiple comorbid
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conditions and a limited life expectancy. We believe this
study supports further multi-institutional investigation in
prospective trials to confirm its efficacy and safety for a
variety of tumor sizes and locations.

Conclusions

A moderately hypofractionated regimen of 30 Gy at 3
Gy per fraction was efficacious and well tolerated in this
sizeable single-institution cohort. This regimen allowed
for the treatment of large tumors, especially those that
bordered the brain stem or other critical structures. This
regimen should be considered for patients with a limited
life expectancy or for whom fully fractionated radiation
regimens are too tedious.
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