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Abstract

Purpose To evaluate surgical resection with brachytherapy placement as a salvage treatment in patients with recurrent high-
grade meningioma who exhausted prior external beam treatment options.

Methods Single-center retrospective review of our institutional experience of brachytherapy implantation from 2012 to 2018.
The primary outcome of the study was progression free survival (PFS). Secondary outcomes included overall survival (OS)
and complications. A matched cohort of patients not treated with brachytherapy over the same time period was evaluated as a
control group. All patients had received prior radiation treatment and underwent planned gross total resection (GTR) surgery.
Results A total of 27 cases were evaluated. Compared with prior treatment, brachytherapy implantation demonstrated a
statistically significant improvement in tumor control [HR 0.316 (0.101 — 0.991), p=0.034]. PFS-6 and PFS-12 were 92.3%
and 84.6%, respectively. Compared with the matched control cohort, brachytherapy treatment demonstrated improved PFS
[HR 0.310 (0.103 — 0.933), p=0.030]. Overall survival was not statistically significantly different between groups [HR
0.381 (0.073 — 1.982), p=0.227]. Overall postoperative complications were comparable between groups, although there
was a higher incidence of radiation necrosis in the brachytherapy cohort.

Conclusion Brachytherapy with planned GTR improved PFS in recurrent high-grade meningioma patients who exhausted
prior external beam radiation treatment options. Future improvement of brachytherapy dose delivery methods and techniques
may continue to prolong control rates and improve outcomes for this challenging group of patients.
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Introduction

Outcomes following retreatment for recurrence in high-
grade meningiomas are poor [1]. Repeat treatment is asso-
ciated with increased complication rates [2, 3], worsened
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or preventing recurrence [1, 8, 9]. Consequently, there is a
population of patients with recurrent meningioma with high-
grade pathology (WHO grade II/IIT) who have undergone
prior surgery, maximized external beam radiation treatment
options, and may have failed trials of medical therapy.
Brachytherapy is an attractive alternative treatment
strategy for select cases of recurrent high-grade menin-
gioma, as it allows for delivery of substantial radiation
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doses to the margins of a resection cavity with high con-
formality, delivered over the lifespan of the radioactive
seeds. This is particularly appealing following meningi-
oma resection, as the incidence of local recurrence due to
microscopic disease along the dura or at the tumor-brain
interface is high [10]. Although brachytherapy has histori-
cally been used in neurosurgery following surgical resec-
tion or by stereotactic implantation for brain metastases
[11-22], and gliomas [23-26], case reports and heteroge-
neous case series describing its use in meningioma have
been published [27-35].

For meningioma patients undergoing brachytherapy seed
placement, patient selection criteria, surgical technique, and
the outcomes of brachytherapy placement have been mixed
in the literature to date [28, 29, 33, 35]. In recent years,
our institution has increasingly utilized brachytherapy seed
placement as an adjunct to surgical resection for cases of
recurrent high-grade meningioma that have proven refrac-
tory to prior treatment strategies. Specifically, we consider
brachytherapy seed placement for cases that have maximized
options for additional external beam radiation treatment yet
remain amenable to surgical resection. Herein, we report
the characteristics of our patient cohort, examine the safety
and efficacy of brachytherapy implantation, and compare
outcomes to a matched cohort of patients treated during the
same time period.

Methods
Patient characteristics

A retrospective study of meningioma outcomes from 2012
to 2018 was performed with approval of the institutional
review board [IRB: 2014P000427]. Given the retrospective
nature of the study, informed consent was not obtained. For
the treatment cohort, we identified all cases of brachytherapy
seed implantation performed during this time. Patients with
a recurrent high-grade meningioma that had maximized
external beam radiation treatment options were considered
for brachytherapy implantation. One patient who underwent
brachytherapy seed placement was lost to follow-up imme-
diately following surgery and subsequently suffered death of
unknown cause; this patient was not included in the analysis.

Demographic, clinical, and radiation treatment variables
were collected. WHO grade was reported according to the
histopathological criteria at the time of the resection. Chro-
mosomal copy number analyses were performed as previ-
ously described [36]. The Cytogenetic Abnormality Score
(CAS) was calculated as the sum of a defined set of common
chromosomal aberrations observed in meningiomas, as pre-
viously described [37].
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Brachytherapy implantation

Our technique for brachytherapy seed implantation has
been previously described [27]. Following planned gross
total tumor resection (GTR, Simpson Grade 1-3) [10],
brachytherapy seeds were implanted in conjunction with
a radiation oncologist to determine dosage and distribu-
tion of the radiation source. A dosimetric goal of 100 Gy
minimum peripheral dose to a 5 mm margin was planned
for all cases, regardless of the isotope. Radioactive seeds
(I-125 or Cs-131) were prepared into strands in an absorb-
able vicryl mesh with 1 cm spacing between seeds. Strands
were lined along the contour of the resection cavity and
dural margins, also with 1 cm spacing between each row
of seeds. The seeds are fixed to the margins and cavity
using fibrin glue. A postoperative computed-tomography
(CT) scan is obtained to determine final seed placement
and dose distribution.

Outcomes analyses

Treatment history including number of prior surgical
resections, number and modality of prior radiation treat-
ments (RTs), and any trials of medical treatment were
recorded. The primary outcome of our study was PFS.
Overall survival, patterns of recurrence, and complica-
tions were also assessed. Postoperative complications were
reported based on the Common Terminology Criteria for
Adverse Events (CTCAE; Version 4.0) [38].

In order to investigate the impact of brachytherapy on
tumor behavior, we compared the brachytherapy cohort
against two control arms. First, as all patients had a history
of extensive pre-treatment and recurrence, patients were
used as their own controls in order to capture tumor behav-
ior. PFS was calculated from the intervention immediately
before brachytherapy (surgery or RT) and compared with
the PFS after brachytherapy, similar to other reports [33].
Second, a matched cohort of patients with recurrent high-
grade meningiomas treated at our institution during the
same time period without brachytherapy implantation was
evaluated (matched control cohort). For the matched con-
trol cohort, all patients had histologically confirmed WHO
grade II or III meningioma, a history of prior surgery and
prior radiation treatment, and gross-total resection (GTR)
of tumor at the recurrent operation.

PFS was calculated from the time of surgery to the
time of local recurrence or death. Local recurrence was
defined as the appearance or progression of nodular
tumor growth on magnetic resonance imaging studies fol-
lowing treatment in the resection cavity or within 1.5 cm
of the craniotomy. Dosimetry plans were merged with
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preoperative and postoperative imaging studies to evalu-
ate the pattern of recurrence in relation to the radiation
treatment field. Recurrences within the 100% isodose
line were classified as in-field; recurrences outside of
the 100% isodose line but within 1.5 cm of the craniotomy
were classified as marginal. Classification of recurrence
location was determined by an experienced neuroradiolo-
gist not involved in the treatment or study design (LH).
Radiation necrosis was identified on serial postoperative
imaging studies as gadolinium contrast enhancement sur-
rounding the resection cavity and treatment field with
associated T2-intense signal, when present. Severity of
radiation necrosis was retrospectively categorized based
on radiographic reports and clinical history.

The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines for cohort
studies were utilized as the reporting guidelines for this
study (https://www.strobe-statement.org).

Statistical analyses

All statistical analyses were performed using Stata Statis-
tical Software (StataCorp., LLC, College Station, Texas).
Chi-squared tests and independent-samples t tests were
used when appropriate. Cox proportional hazard regres-
sion model was used to examine factors associated with
recurrence in univariate and multivariate analyses. Sta-
tistical significance was defined as P < 0.05.

Results
Patient characteristics

Thirteen operations involving brachytherapy implantation
were performed in eleven patients over the study period.
Mean patient age at time of surgery was 63.5 years (range
34-89) and 69% of cases were in men (n=9) (Table 1).
The majority (77%, n=10/13) of cases had WHO grade
II pathology while the others (23%) were WHO grade
III. Median follow-up from the time of first surgery was
10.4 years (mean 9.9 years, range 1.5-14.1 years); mean
and median follow-up following brachytherapy implantation
were both 36.9 months (range 7.4-80.5). Although GTR was
intended for all cases, one case had a nodule of tumor noted
at the edge of the resection on postoperative imaging (near-
total resection, NTR).

Nearly all cases received the prescribed dose of 100 Gy
(n=10/13). The remaining cases received 75 Gy (n=1),
80 Gy (n=1), and 120 Gy (n=1). Most operations were per-
formed with implantation of I-125 seeds (n=10/13); a sub-
set of more recent cases was performed with Cs-131 seeds
(n=3). For I-125 patients, the median number of seeds used
was 45 (range 9-80) with a median activity of 0.382 mCi
per seed (range 0.287-0.454 mCi) and total activity of
12.84 mCi (range 4.1-29.7 mCi). For Cs-131 patients, the
median number of seeds used was 50 (range 40-79) with a
median activity of 3.77 mCi per seed (range 3.76-3.82 mCi)
and total activity of 188 mCi (range 150.8-301.8 mCi). For
the control cohort, 4 patients received adjuvant radiation
treatment in the form of fractionated RT (30-59 Gy); the

Table 1 Patient characteristics

Variable Brachytherapy cohort* Control cohort* P value
Number of operations (Patients) 13(11) 14 (14)
Age, mean (range), (year) 63.5 (34-89) 67.5 (42-91) 0.45
Sex 0.79
Male 9(69) 9 (64)
Female 4 (31) 5 (36)
Number of prior surgeries, mean (range) 1.5 (1-3) 1.6 (1-5) 0.79
WHO grade 0.75
Grade 11 10 (77) 10 (71)
Grade I1I 3(23) 4(29)
Tumor location 0.1
Falx/parasagittal 11 (85) 6 (43)
Convexity 1(7.5) 4(29)
Anterior skull base/sphenoid wing 1(7.5) 1(7)
Middle fossa 0(0) 321
MIB-1 labeling index, mean (range) 13.1 (3.6-25) 14.2 (3-30) 0.73
Cytogenetic abnormality score, mean (range) 5.6 (2-11) 5.9 (2-10) 0.80

“Values are number (%) unless indicated otherwise
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remainder did not receive additional adjuvant RT given their
radiation history and concern for treatment-related toxicity
secondary to additional external beam radiation.

Tumor control, survival, and complications
following brachytherapy implantation

We sought to evaluate whether brachytherapy conferred
any benefit to tumor control for these multiply treated high-
grade meningioma patients. We first analyzed the time to
recurrence for each patient for the tumor-directed treatment
immediately preceding brachytherapy (surgery or RT) versus
following brachytherapy. When PFS was compared, brachy-
therapy demonstrated a statistically significant improve-
ment in tumor control (HR 0.316 (0.101-0.991), p=0.034)
(Fig. 1a). The PFS-6 and PFS-12 were 92.3% and 84.6%,
respectively. Median PFS was not reached. For the five
recurrences, the median time to recurrence was 14 months
after brachytherapy implantation (range 6-31 months).
Durability of control did not significantly differ between
WHO grade II and III cases during the follow-up period
(Fig. 1b).

We then compared the PFES and OS of our brachytherapy
cohort with 14 patients treated at our institution during the
same period (matched control cohort). These control patients
were matched by age, gender, number of prior surgeries,
WHO grade, MIB-1 index, as well as cytogenetic signa-
tures, compared to patients who underwent brachytherapy
implantation (Table 1). Prior non-operative treatment his-
tory was also similar between groups (Table 2). Notably, all
patients in both groups had received prior radiation treat-
ment, with fractionated EBRT being the most common treat-
ment modality in both groups. Brachytherapy treatment was
associated with improved PFS [HR 0.310 (0.103-0.933),
p=0.030] (Fig. 1c). This did not retain statistical signifi-
cance when patient age was included as a covariate [HR
0.354 (0.117-1.068), p=0.065] (Table 3). There were two
deaths in the brachytherapy cohort and five deaths in the
control cohort. Overall survival was not statistically signifi-
cantly different between groups [HR 0.381 (0.073-1.982),
p=0.227] (Fig. 1d).

A summary of complications in both cohorts according
to CTCAE classification is summarized in Supplementary
Table 1. Most notably, a higher incidence of radiation necro-
sis was observed in the brachytherapy cohort, with 3 patients
requiring additional medical intervention beyond corticos-
teroids with the use of bevacizumab (CTCAE Class 3).

Patterns of recurrence following brachytherapy
We further investigated whether recurrence following

brachytherapy related to failure to control disease within the
treated area or inadequate field coverage by the distribution
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of brachytherapy seeds. Among the five recurrences in the
brachytherapy-treated patients over the study period, two
recurrences were classified as in-field (i.e. within the 100%
isodose line) and three recurrences were marginal (i.e.
within 1.5 cm of the craniotomy) (Fig. 2). Of the two in-
field recurrences, one was the solitary case of NTR in our
series. Considering in-field recurrences alone, PFS follow-
ing brachytherapy implantation was significantly improved
in the brachytherapy group compared to treatment before
brachytherapy [HR 0.2097 (0.059-0.747), p=0.007] and
the matched control cohort [HR 0.147 (0.037--0.578),
p=0.002] (Fig. le, f).

Discussion
Rationale for brachytherapy

Outcomes of recurrent high-grade meningiomas are poor
with high rates of re-recurrence, increased risk of subse-
quent intervention, and increased disease-related mortal-
ity [1-7]. For patients who have maximized external beam
radiation options, surgery alone offers limited prolongation
of PES and OS. The addition of brachytherapy is an appeal-
ing option for these patients because of a number of factors.
Namely: (1) its ability to be used as an adjunct to surgical
resection, (2) the immediate delivery of radiation following
maximal cytoreduction, (3) the administration of a high dose
at the resection margin with a steep dose fall off, and (4) the
ability to achieve a conformal, highly-targeted placement of
radiation seeds to the areas at risk.

Efficacy of brachytherapy

In a cohort of heavily pretreated recurrent high-grade menin-
giomas, planned GTR followed by brachytherapy seed place-
ment improved PFS. This was demonstrated in comparison
to the cohort’s prior treatment history (Fig. 1a), as well as
a matched cohort of patients treated at our institution dur-
ing the same time period (Fig. 1c). Importantly, this was
achieved with an acceptable complication profile despite the
increased risks associated with retreatment in this challeng-
ing patient population (Supplementary Table 1).

Our results demonstrating brachytherapy efficacy and
relatively high PFS-6 and PFS-12 rates compare favorably
with prior reported series of meningioma patients [28-31,
33, 35]. We hypothesize this effect is attributable to several
factors related to patient selection and treatment strategy.
Most importantly, brachytherapy implantation was only pur-
sued in cases amenable to GTR on preoperative evaluation.
The radiation dose penetration to tissue adjacent to brachy-
therapy seed placement is limited, and thus brachytherapy
seed placement adjacent to nodular tumor is known to have
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Fig. 1 Kaplan-Meier survival analyses. a PFS analysis before and
after resection with brachytherapy placement demonstrating a sta-
tistically significant improvement in PFES following surgery with
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Grade 3 tumors demonstrating no statistically significant difference
(P=0.885). ¢ PFS analysis of the brachytherapy cohort compared
to the matched control cohort demonstrating a statistically signifi-
cant improvement in PFS in the brachytherapy group (P=0.030). d

limited efficacy. Indeed, this was demonstrated in our series,
as one of our cases of in-field recurrence occurred in the
single case of NTR in our series.
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The limited dose penetration of brachytherapy seeds
may also explain the limited efficacy of brachytherapy
in the literature. In a series of 49 patients wherein the
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Table 2 Prior non-surgical

. Variable Brachytherapy cohort* Control cohort* P value
treatment history

Number of patients 13 14

Number of prior radiation treatments, 25 (1.92, 1-3) 22 (1.57,1-3) 0.32
total (mean, range)

Radiation modality
Fractionated EBRT or IMRT 9 (69) 10 (71) 1.0
SRS 7 (54) 2 (14) 0.05
Proton beam 4 (31) 3(21) 0.68

Chemo- or immunotherapy 1.5 (1-3) 1.6 (1-5)
Avastin 1(8) 1(7)
Anti-PD1 2 (15) 1(7)

EBRT external-beam radiation treatment, /MRT intensity-modulated radiation therapy, SRS stereotactic

radiosurgery

“Values are number (%) unless indicated otherwise

Table 3 Univariate and
multivariate predictors of
progression free survival

and overall survival for
brachytherapy versus control
cohorts

Characteristic Univariate Multivariate

Hazard Ratio (95% CI) P value  Hazard Ratio (95% CI) P value
Progression free survival
Patient age 1.05 (1.003-1.101) 0.031 1.05 (0.997-1.095) 0.068
Gender (male) 2.55(0.717-9.103) 0.117
WHO grade 2.28 (0.771-6.762) 0.158
Number of prior surgeries 1.32 (0.766-2.271) 0.345
Tumor location 1.23 (0.785-1.938) 0.383
MIB-1 labeling index 1.04 (0.964-1.126) 0.302
Cytogenetic Abnormality score  0.986 (0.786-1.237) 0.904
Brachytherapy 0.310 (0.103-0.933) 0.030 0.354 (0.117-1.068) 0.065
Overall survival
Patient age 1.12 (1.017-1.235) 0.005 1.66 (1.042-2.632) 0.033
Gender (male) 3.04 (0.366-25.306) 0.244
WHO grade 9.03 (1.629-49.994) 0.01 30.1 (0.829-1094.11) 0.063
Number of prior surgeries 2.83 (1.375-5.841) 0.007 39.5(1.322-1182.5) 0.034
Tumor location 1.09 (0.566-2.101) 0.780
MIB-1 labeling index 1.12 (0.986-1.272) 0.075
Cytogenetic abnormality score 1.26 (0.863-1.838) 0.223
Brachytherapy 0.381 (0.073-1.982) 0.227

WHO World Health Organization

majority of cases underwent subtotal resection (n=31/49,
63%), the median time to progression was relatively poor
(11.4 months) compared with our series, although their
cohort did contain a higher proportion of WHO grade III
tumors (n=28/42, 67%) [28]. Similarly, a recent publication
of 15 patients with recurrent high-grade meningioma and
brachytherapy implantation reported a 47% subtotal resec-
tion rate (n=7/15) and equally poor median time to progres-
sion (8.5 months for WHO grade 2 tumors, 4.5 months for
WHO grade 3 tumors) [35].

The importance of extent of resection in meningioma
brachytherapy cases is highlighted in another series of 19
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patients with recurrent meningiomas who, as in our series,
underwent planned GTR with placement of Cs-131 seeds
[33]. Only two cases of local progression (within 1.5 cm of
the operative bed) were observed in their series, and both
recurrences occurred in patients who underwent near gross-
total resection (> 90%). Similar to our study, when compared
with time to local progression before brachytherapy, resec-
tion with brachytherapy implantation significantly improved
local control. Although the median time to local progression
was not reached, overall survival was poor, with only 58%
of patients remaining alive at a median observation period
of 19.7 months, and PFS was not reported in their study.
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Fig.2 Illustrative case example of a marginal recurrence. a—c Post-
operative CT-based dosimetry plan superimposed on 6-month follow-
up MRI, axial (a), coronal (b), and sagittal (c), demonstrating the
recurrent nodule anterior to the resection cavity. The recurrence was

Taken together, the results of our study, as well as the
studies above, highlight the importance of extent of resec-
tion in cases of planned brachytherapy treatment. At our
institution, the goal of planned GTR is a major selection
criterion when evaluating candidates for brachytherapy, and
we hypothesize that this strategy strongly impacts the excel-
lent local control achieved in our study.

Recurrences within versus outside of
the brachytherapy treatment field

Importantly, measuring PFS may underestimate the impact
of brachytherapy seed placement in recurrent high-grade
meningioma patients. This is supported by the nature of
the recurrences documented in our study. Over half of
the recurrences in our study were marginal (i.e. within
1.5 cm of the craniotomy; n=3/5), and all three marginal
recurrences occurred along the convexity and parasagittal
dura. Tumor control within the brachytherapy field was
excellent, with only two recurrences observed within the
brachytherapy field over the study period, as demonstrated
in a subset analysis (Fig. le, f). We evaluated marginal

Il 80% Dose

Bl 90% Dose

outside of the 50 Gy isodose line but within the limits of the crani-
otomy. d Three-dimensional representation of the radiation dose dis-
tribution with the recurrent nodule segmented (orange) and illustrated
adjacent to the radiation field

recurrences separately since they may be considered a fail-
ure to achieve a wide treatment field at the time of surgery
more than a failure of the treatment itself.

Furthermore, it should be noted that small recurrences
adjacent to the resection cavity or at marginal locations
may remain amenable to subsequent intervention. This is
supported by two patients in our study who underwent
repeat resection with additional brachytherapy seed place-
ment after recurrence of disease. Thus, although patients
with marginal recurrence were included as local failure
in our study and the progression timepoint was reached,
resection with brachytherapy seed placement may confer
a greater benefit to the long-term outcomes in these chal-
lenging patients.

Continued follow-up and analysis of OS is essential to
evaluate the potential long-term benefit of brachytherapy
in these patients. A significant difference in OS was not
observed in our study, although the OS in the brachyther-
apy cohort was promising (Fig. 1d). The statistical analysis
of OS in our study is limited by the small number of deaths
to date in the brachytherapy cohort (n=2) and the limited
follow-up in the retrospective control cohort.
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Technical considerations

In addition to surgical technique refinements, such as
maximizing the resection of gross disease and improv-
ing brachytherapy seed coverage, technical refinements
in radiation delivery methods continue. Brachytherapy
seed implantation carries theoretical benefit over low
dose intraoperative radiation therapy (IORT) for menin-
giomas due to its delivery of the radiation dosage over
time, as opposed to one isolated timepoint with IORT
[2, 39]. Depending on the radiation isotope used, dose
delivery occurs over the half life of 9.7 days (Cs-131
seeds) to 59 days (I-125 seeds). In recent years, there has
been a shift to the Cs-131 isotope rather than I-125 due
to Cs-131's shorter half-life. This has been associated
with decreased complication rates, particularly regarding
wound complications and radiation necrosis [20], which
have been a limiting factor in earlier reported series [28,
29, 35]. While the predominant application of Cs-131 seed
implantation has been in the context of metastatic dis-
ease [19-21], it remains to be determined if the shorter
half-life of Cs-131 will be of equal, greater, or lesser effi-
cacy in meningioma cases. The longer half-life of I-125
carries theoretical benefit in a tumor that is not rapidly
dividing, as may be true in meningioma. Alternatively, it
may be true that these meningiomas have already become
highly proliferative and Cs-131 is an appropriate and effec-
tive strategy. Although we have recently shifted to using
Cs-131 in more recent cases of brachytherapy seed implan-
tation, direct comparison of the efficacy of I-125 versus
Cs-131 was not possible in our series at the time of this
analysis. Further investigation of Cs-131 control rates with
additional follow-up is underway.

Refinements in brachytherapy seed implantation meth-
ods continue to improve radiation delivery and limit the
migration of seeds post-operatively. At our institution,
we utilize brachytherapy seeds implanted in vicryl suture
strands that are manually spaced 1 cm apart within the
surgical resection cavity, as previously reported by our
group and others [27, 34, 35]. In the series reported by
Brachman et al., a collagen-based delivery system was
used to improve the precision of implantation and to alter
the dose distribution [33]. They report that this delivery
system improves the surgeon’s ability to target high-risk
regions of the resection cavity and limits seed migration
following implantation. Despite these refinements, several
barriers remain. Improved delivery methods that allow for
safer posterior fossa and skull base implantation, as well
as methods for protecting adjacent brainstem and cranial
nerve structures, would further expand applications of
brachytherapy in difficult-to-treat tumors. Our results dem-
onstrate the efficacy of brachytherapy on tumor control
in recurrent high-grade meningiomas, and improving the

@ Springer

safety of implantation may allow for expanded indications
for this strategy.

Limitations

Our results must be viewed in the context of several limi-
tations. First, its retrospective design carries the inherent
limitations and biases of any study of this nature. Future
prospective cohort studies and registries will be more
rigorous for evaluating and comparing the results of this
treatment strategy in future patients. Second, patient selec-
tion criteria for brachytherapy seed placement were strin-
gent and dependent on the evaluation of both the neurosur-
geon and the radiation oncologist. Enrollment was based
on their experience and expertise, which limits the number
of patients enrolled and the generalizability of the results.
Third, we compared the PFS before and after brachy-
therapy placement in the brachytherapy cohort, assuming
similar biological activity of the tumors; future studies
examining the underlying genetic and molecular profiles
of these tumors before and after brachytherapy placement
may provide additional insight into the impact of brachy-
therapy on tumor recurrence. Lastly, given the extensive
treatment history and heterogeneous pathology of these
patients, comparison to the cohort of control patients from
our institution, as well as prior patients reported in the
literature, is potentially limited in this complex population.

Conclusions

Brachytherapy after planned GTR improved PFS in recur-
rent high-grade meningioma patients who had maximized
external beam radiation treatment options. This was
achieved with an acceptable complication rate in com-
parison to a matched cohort of patients with recurrent
meningiomas treated without brachytherapy at our insti-
tution. Future improvement of brachytherapy dose delivery
methods and techniques may continue to prolong control
rates and limit complications in this challenging group of
patients.
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