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Abstract

Recurrence rates of meningiomas have been widely reported in the literature, but it remains challenging for clinicians to
predict recurrence rate depending on treatment, patient demographics and tumor characteristics. To address these needs, we
performed a systematic analysis of the literature to determine the recurrence rate ranges of meningiomas following surgery
or radiation. Our search yielded 13 studies that met all criteria for inclusion, allowing us to include 1539 patients in the
assessment. Recurrence rates ranged from 0.00 to 2.36 per 100-person-years for WHO grade I meningiomas; and from 7.35
to 11.46 per 100-person-years for WHO grade II meningiomas. Our findings suggest that (1) reported recurrence rates are
variable and complicated by the heterogeneity of study populations; (2) as expected, WHO grade II meningiomas generally
have a higher recurrence rate than WHO grade I, when controlling for time of diagnosis (by employing person-years); and
(3) there is a need for more rigorous reporting of recurrence rates, WHO grade, and Simpson grading for individual patients
in order to determine a robust mean of recurrence across WHO grades.

Keywords Meningioma - Recurrence - Microsurgery - Radiation

Introduction

Meningiomas are one of the most common brain tumors
in adults, representing between 20-35% of primary brain
tumors [1, 2]. With advances in treatment over the past
30 years, meningiomas have become a chronic disease, and
it is crucial to consider the risk of meningioma recurrence
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and symptomatic progression when deciding on treatment
[1, 3]. One method of predicting recurrence is to stratify risk
based on WHO grade, as tumor grade has been demonstrated
to predict the risk of recurrence following treatment [1, 4].
Regardless, reports regarding the risk of recurrence and
symptomatic progression of meningiomas following surgical
resection vary greatly, depending on population selection,
population size, and the imaging modality used to evaluate
for recurrence/progression [5, 6]. To address this variability,
we used an organized approach to systematically analyze the
literature in order to determine the recurrence rates of intrac-
ranial meningiomas in adult patients (> 18 years of age) as
stratified by WHO grade following first-time treatment.

Methods
Search strategy and selection criteria

We performed a systematic analysis to identify studies
that reported recurrence rate by WHO grade following
surgery or radiation therapy. References for were identi-
fied through Ovid MEDLINE and EMBASE from January
Ist, 1977 to November 23rd, 2016, within the magnetic
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resonance imaging (MRI) era. Two independent searches
were conducted by V.L. and S.D. and the results compared
for duplicate articles. The search terms used were: menin-
gioma; grade; recurrence; progression; return; reappear;
regrow, repeat. Search history with limitations is available
in Supplementary Materials A1l. The articles were screened
and full text reviewed independently by V.L. and S.D and
results compared. Only articles in English were included.
Articles were chosen for full review if the abstract corrobo-
rated report of recurrence rate data. Selected abstracts were
then reviewed to confirm reporting of recurrence rate data

stratified by WHO grade in adult patients. Inclusion crite-
ria included: (1) randomized control trials or observational
studies with at least one cohort involving at least 20 adults
(> 18 years of age); (2) assessment for postoperative recur-
rence using MRI in all patients; and (3) stratification of some
measurement of recurrence by WHO grade. Studies were
excluded if the reported patients: (1) received chemotherapy;
(2) had a history of recurrent meningiomas at baseline; or (3)
had a history of extra-cranial meningioma. Thirteen studies
were selected for inclusion in the final analysis (Fig. 1).
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Fig.1 The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram summarizes the search results based on
the screening strategy and protocol. Review of full-text articles led to a total of 13 studies selected for incorporation into the systematic analysis
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‘We chose the above inclusion criteria with the goal of limit-
ing bias due to variations in study design. Studies with a small
sample size suffer from low statistical power, inflated effect
size estimates, low probability of finding true effects, and low
positive predictive value [7]. In order to avoid using studies
with small sample size but also to avoid excluding too many
studies, we decided a priori on a cut-off for studies reporting
<20 patients. To limit bias from different imaging modalities,
we ensured that MRI was used as the main imaging modal-
ity for recurrence assessment. CT has difficulty distinguish-
ing between tumor recurrence and radiation-induced adverse
effects due to similarities, such as (1) diffuse hypo-intensity of
the white matter extending into and compressing the overly-
ing cortex likely caused by edema, (2) enhancing focal areas
of lucency suggesting necrosis, (3) irregular and/or extensive
contrast enhancement, and (4) mass effect necrosis [8]. Since
radiation therapy may be a part of treatment, CT remains
limited by its relatively low power to differentiate between
treatment necrosis and tumor recurrence [8]. The articles were
reviewed to determine the level of evidence using the criteria
designated by the Oxford Centre for Evidence-Based Medicine
(available in Supplementary Materials A2) [9]. No randomized
control trials were identified. Five level two studies and eight
level four studies were identified and included in the analysis.

Quality and risk of bias

Quality and risk of bias of the studies were assessed using the
Newcastle—Ottawa Scale (NOS) for cohort studies (available
in Supplementary Materials A3) [10, 11]. NOS evaluates for
quality based on the selection of patients, comparability of
cohorts, and outcomes; studies that achieved 6 or more stars
were considered to be of high quality [11].

Data extraction and analysis

The data was parsed to retrieve the following: WHO grade,
mean/median age, sample size, gender distribution, tumor
location, intervention, Simpson grade, recurrence rate, post-
operative symptoms, and follow-up period. Symptomatic pro-
gression was defined as the development of new symptoms or
any worsening of existing symptoms.

For comparison, when recurrence was provided as progres-
sion/recurrence-free survival (PFS), the value was converted to
recurrence rate using the formula: recurrence rate = 1 — PFS.
Recurrence rate per person year was calculated, when possible,
based on the equation:

Recurrence rate per-person-years

Number of recurrences

"~ Sample size of cohort X Meant time to recurrence in years

% 100.

Studies that did not report a mean time to recurrence
could not be used to calculate recurrence rate per 100-per-
son-years. Linear and exponential regression models were
performed using Microsoft Excel, in order to demonstrate
the relationship between PFS and time.

Results
Description of studies

The search yielded 1953 unique abstracts, of which 280
studies were selected for full text review. Thirteen studies
met all criteria for inclusion (Fig. 1) [5, 12-23]. The stud-
ies used for the analysis were published between 2010 and
2016 and included data accrued in five different countries:
US (8); China (2); Germany (1); Poland (1); and UK (1).

The patient populations identified from these sources
were heterogeneous. In total, 1539 patients were assessed
for recurrence, with a preponderance of female patients
(442 men: 1123 women). The cohort included 1293
WHO grade I meningiomas, 242 WHO Grade II men-
ingioms, and four WHO grade III meningiomas. Patient
demographics are listed in Table 1. In terms of interven-
tion, 1432 patients received surgery alone, 131 patients
received some form of surgery and radiation therapy, and
two patients received radiation therapy alone. Follow-up
ranged from 1 to 204 months.

The NOS quality assessment of the five cohort studies is
available is available in Supplementary Materials A4 [12,
16, 19-21]. All cohort studies were high quality evidence
based on the NOS scale [11].

Recurrence rates and follow-up for WHO grade

Recurrence rates ranged from 0% at 5 years to 22.5%
over a mean of 26.2 months for WHO grade I meningi-
omas;[17,21] and from 15% at 2 years (2-year PFS =85%)
to 37% over a period of greater than 10 years for WHO
grade II meningiomas [18, 23]. The search identified only
four patients with a WHO grade III meningioma and as a
result, they were not included in the recurrence rate analy-
sis. Alternatively, the recurrence rate ranged from 0.00
to 2.36 per 100-person-years for WHO grade I meningi-
omas;[5, 15] and from 7.35 to 11.46 per 100-person-years
for WHO grade II meningiomas [12, 14]. Recurrence rates
per 100-person-years are listed in Table 2.

The recurrence rate of WHO grade I meningiomas
treated by surgery alone ranged from 0% (at 32.5 months
follow up) to 22.5 (mean recurrence of 26.2 months); [5,
17] and was 37% for WHO grade II (mean recurrence
> 10 years) [23]. WHO grade II meningioma treated with
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Table 2 Recurrence rates per 100 person years

Author and year of publication Grade Recurrence rate per
100-person-years
Koutourousiou et al. [13] 1 2.18
Nowak et al. [12] I 1.19
1I 11.46
Liu et al. [15] I 2.36
Lee etal. [14] 1I 7.35
Ma et al. [5] I 0.00
i 0.00
r? 0.00

Recurrence rate per 100-person-years for the studies that provided a
mean time to recurrence. Although Bloss et al. [17] did have a recur-
rence rate for each cohort, the mean recurrence time was the average
of all cohorts and could not be used to calculate a stratified recur-
rence rate per 100 person years for each separate cohort

4Cohort with fewer than 20 patients

surgical intervention followed by radiation therapy had
a recurrence rate 17% at an unspecified time or a PFS of
85% at 2 years or 62% at 3 years [18].

Analysis of the Level 2 data alone revealed that WHO
grade I meningioma recurrence ranged from 0% at 5 years
to 21% over 5 years [12, 21]. Using Level 2 data alone, the
WHO grade II meningioma recurrence rate was 29.6% over
a mean period of 31 months [12].

Symptomatic progression

Preoperative symptoms and postoperative symptoms are dis-
played in Supplementary Materials A5. Symptomatic pro-
gression is available in Table 3. Only five studies reported
postoperative symptomatic progression [5, 13, 15, 22, 23].
Following treatment for WHO grade I tumors, 67.5% of
patients experienced general improvement, compared to
16.7% who experienced general worsening [5, 22]. Symp-
tomatic progression following surgery included cranial nerve
III palsy (7.4%); general cranial nerve deficits not specified
(5.6%); development of hydrocephalus (5.6%); worsening
of headaches (5.0%); and hemianopia (5.0%) [5, 15, 22].

Recurrence rate over time

Only three studies provided PFS rates at different points in
time [12, 14, 18]. Supplementary Materials A6 demonstrates
the PFS points for the three aforementioned studies with
their coefficient of determination. Due to the limited num-
ber of data points, a meaningful statistical significance was
unable to be calculated.

Post-hoc analysis of Simpson grade and recurrence
rate

Eight studies provided stratification of recurrence rates by
WHO grade and Simpson grade and the results are availa-
ble in Table 4. For WHO grade I meningiomas, recurrence
rate for Simpson grade I, II, III, IV and V ranged from 0
to 21, 0-33, 12-40, 18-40, and 0% respectively [13-16,
19-21]. For WHO grade II meningiomas, recurrence rates
for Simpson grade I-1I were 36.6% and grade I1I-1V were
63.6% from 1 study [23]. There were only three studies
that had at least 20 patients in a Simpson grade cohort and
provided a mean time until recurrence to calculate recur-
rence rate per 100-person-years [13—15]. Amongst these
WHO grade I studies, the recurrence rate per 100-person-
years for Simpson grade I was 0.00 to 0.72 and for WHO
grade Il was 1.06 [13, 15].

Discussion
Summary of evidence

We performed a systematic analysis of the literature to
determine risk of meningioma recurrence following surgi-
cal resection or radiotherapy, as stratified by WHO grade
and determined by postoperative MR imaging. There were
only four WHO grade III meningioma patients identified
in our analysis and as a result, WHO grade III meningi-
oma recurrence was not analyzed [5, 17]. Survival rates
for WHO grade III meningiomas have been reported to
be as low as 8.3% at 5 years, making it difficult to collect
long term recurrence rate data on this population, which
likely contributed to the low number of patients captured
by our search [24]. Overall, our findings suggest that (1)
reported recurrence rates are variable and complicated by
the heterogeneity of study populations; (2) as expected,
WHO grade II meningiomas generally have a higher recur-
rence rate than WHO grade I, when controlling for time
of diagnosis (by employing person-years); and (3) there
is a need for more rigorous reporting of recurrence rates,
WHO grade, and Simpson grading for individual patients
in order to determine a robust mean of recurrence that
factors different qualities that influence recurrence rate.
Our analysis identified a cohort reflecting the real world
distribution of meningioma WHO grades [1]. In our analy-
sis, 84.0% of the identified meningiomas were WHO grade
I, 15.7% WHO grade 11, and 0.3% WHO grade III, which
closely reflects real world distribution of > 80, 5-15, and
1-3% for WHO grade I, II, and III meningiomas respec-
tively [1]. Since all the studies included were published from
2010 to 2016, the definition for WHO grade would reflect
the WHO Classification of Brain Tumors 2007 definitions,
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Table 3 Symptomatic progression by WHO grade

Postoperative Symptoms/signs

Proportion of patients with WHO  Proportion of patients with WHO  Proportion of patients with

grade I (sample size) grade II (sample size) WHO grade III (sample
size)
Aphasia similar 0.050 (40) NR NR
Blurred vision improved 0.025 (40) NR NR
Changed mental status unchanged 0.017 (75) 0.051 (59) NR
Changed mental status worsened 0.013 (75) NR NR
Cranial nerve deficits (unspecified) 0.056 (36) NR NR
Cranial nerve III palsy 0.074 (27) NR NR
Cranial nerve IV palsy 0.037 (27) NR NR
Cranial nerve V damage 0.037 (27) NR NR
Gait disturbance NR 0.017 (59) NR
General worsening 0.167 (36) NR NR
Generally improved 0.675 (40) 1(1) 1(2)
Headaches improved 0.043 (115) NR NR
Headaches worse 0.050 (40) NR NR
Headaches resolved 0.160 (75) NR NR
Headaches similar NR 0.068 (59) NR
Hemianopia 0.050 (40) NR NR
Hemianopia similar 0.025 (40) NR NR
Hemiparesis new 0.028 (36) NR NR
Hemiparesis similar 0.053 (76) NR NR
Hydrocephalus 0.056 (36) NR NR
Hypopituitarism unchanged 0.013 (75) NR NR
Nausea improved 0.025 (40) NR NR
Nausea/vomiting worse 0.025 (40) NR NR
Seizures unchanged 0.027 (75) 0.051 (59) NR
Visual loss improved 0.333(111) NR NR
Visual loss resolved 0.280 (75) NR NR
Visual loss unchanged 0.080 (75) NR NR
Visual loss worsened 0.040 (75) 0.068 (59) NR
Wound infections 0.028 (36) NR NR

Proportion of patients who demonstrated a certain postoperative symptomatic progression, stabilization, or improvement. Italic values demon-

strate symptomatic progression or complications
WHO grade I1I studies from Ma [5]

WHO grade I studies from Ma [5], Koutourousiou [13], Liu [15], Nanda [22]

WHO grade II studies from Ma [5], Nanda [23]
NR not recorded

which removes the limitation of differing WHO grade defini-
tions over time from our analysis [25].

Study implications

Our study’s importance lies in its ability to provide clinicians
with an appreciation of how recurrence rates have ranged
by WHO grade in the literature. The minimum and maxi-
mum recurrence rates allows for an estimate of expected
recurrence and can be acknowledged as a potential range

@ Springer

of recurrence when planning future studies or considering
treatment options.

Characteristics from our analysis that have been predicted
to increase the risk of tumor recurrence include the pres-
ence of any atypical features; MIB-1 index >3%; and low
ADC on preoperative MRI [19, 21]. Koutourousiou and col-
leagues identified four main factors influencing the risk of
tumor recurrence following surgical resection: (1) incom-
plete tumor resection; (2) histological grade; (3) length of
the postoperative follow-up period; and (4) mode and quality
of the assessment for tumor recurrence [13]. Considering
the various factors that influence meningioma recurrence,
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Table 4 Recurrence rate by Simpson grade and WHO grade
Simpson grade (number of recurrence/sample) [Mean time until recurrence] {recurrence rate per
100-person years}
1 II 1 v v
Koutourousiou et al.  WHO gradeT  1.8% (1/57) [29.8] 33.3%" (3/9) [29.8]
[13] {0.72} {13.4}
Lee et al. [14] WHO grade I  15.5% (11/71) [31] {6.00} 31.6%* (6/19) [31]
{12.22}
Liuetal. [15] WHO grade I~ 0%° (0/13) [47.9] 5.3%(1/4)[60] 0%® (0/6) [47.9] {0.00}
{0.00} {1.06}
Sughrue [16] WHO grade I  5-year PFS=95% 5-year PFS=85% 5-year PFS=88% 5-year PFS=81%
(4/88) {N/A} (17/114) {N/A} (7/57) {N/A} (22/114) {N/A}
Marciscano et al. WHO grade I  1.6% (1/63) 12.5%" (2/16) 40%* (2/5) 39.7% (25/68)
[19]° [22.4/24.4] {N/A} [22.4/24.4] {N/A} [22.4/24.4] {N/A} [22.4/24.4] {N/A}
Gallagher et al. [20] WHO gradel  5-year PFS=96.8%  5-year PFS =100% 5-year PFS=82.4%  5-year®
(1/31) {N/A} (0/62) {N/A} (9/51) {N/A} PFS=0%
0/1)
{N/A}
Hwang et al. [21] WHO grade I  5-year recur-
rence=21%
(11/54) {N/A}
Nanda et al. [23]¢ WHO grade I  36.6% (15/41) (> 10 years) {N/A} %63.6% (7/11) (> 10 years)

Recurrence rate when stratified by WHO grade and Simpson Grade during the post-hoc analysis

#Fewer than 20 patients in cohort

°If recurrence =0, then [mean follow up]

‘WHO grade I with atypical characteristics mean time until recurrence =24.4; WHO grade I without atypical characteristics mean time until

recurrence =22.4
4Only 52 patients had follow up

we attribute the variability in recurrence rates found in our
analysis to the heterogeneity of the populations we stud-
ied. Many studies reported on patients with varying tumor
grade who had different forms of treatment. For example,
Marciscano and colleagues reported on 71 WHO grade 1
meningiomas (67 patients received surgery alone, three
patients received surgery and radiation therapy, and one
patient received surgery alone). The Simpson grade varied
from grade I to I'V. Overall, they found a recurrence rate
of 11.1% over a median of 25.6 months [19]. In compari-
son, Ma and colleagues reported on 40 lateral trigone WHO
grade I meningiomas that had a 0% recurrence following
32.1 months follow up [5]. Controlling for WHO grade, we
were unable to determine if differences in recurrence rates
was due to variability in time of follow-up, difference in
Simpson grade, or the addition of radiation therapy. None
of the studies provided specific demographic or treatment
information per patient. As a result, pooling of the data was
not possible and the only alternative to presentation of recur-
rence was using ranges. Overall, the heterogeneity of the
patient population may be responsible for the variability in
recurrence rates.

One of the factors that influences recurrence for any
condition is follow-up time. The longer the follow-up, the

greater the increase in recurrences by allowing for more
time for recurrence. In order to control for follow-up time,
we employed a recurrence per 100-person-year system that
factored in the mean time of recurrence. As expected, the
results demonstrate that WHO grade II meninigomas had a
greater recurrence per 100-person-years than WHO grade [
meningioms [5, 12, 14].

Our search identified five studies that reported on post-
operative symptoms [5, 13, 15,22, 23]. Following treatment
the majority of patients reported neurologic improvement [5,
22]. This has been previously demonstrated in the literature
as a number of studies have reported improvement in qual-
ity of life following meningioma resection and improved
capabilities of performing usual activities [26, 27]. The most
common symptoms/signs following surgery were cranial
nerve deficits, however this finding might be the result of
bias, as Liu et al. were the only identified group that reported
on postoperative cranial nerve deficits [15]. More studies
reported on postoperative headache outcomes, with more
patients reporting improvement of headaches in comparison
to worsening [5, 13, 23]. Previous studies have also demon-
strated reduction in pain and anxiety following meningioma
surgery [26, 27].
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The literature supports that meningiomas can fall into
one of three growth categories: no growth, linear growth, or
exponential growth [2, 28, 29]. We attempted to calculate
the relationship between PFS and time. Due to the limited
number of data points (studies at most included recurrence
rates at 3 points in time) it was not possible to calculate
a meaningful statistical significance to determine whether
recurrence reflected a linear or exponential model. As a
substitute, coefficients of determinations were calculated
using Microsoft Excel and broadly compared in order to
demonstrate whether a linear or exponential model best fit
the data. The coefficient of determination of WHO grade I
meningiomas was r2=0.986 for an exponential model and
r2=0.988 for a linear model which suggests that recurrence
could fit either an exponential or linear model in Nowak
et al. study [12]. The coefficient of determination of WHO
grade Il menigniomas were more varied in our analysis and
it is unclear whether recurrence followed a linear or expo-
nential model. Although growth rate patterns have been
demonstrated to follow one of three aforementioned cat-
egories, in order to elucidate recurrence rate patterns future
studies need to include more time interval points at which
recurrence rates are assess [2, 28, 29].

Simpson grade for resection has been demonstrated to
influence the recurrence rate of meningiomas [30]. We
attempted to perform a post-hoc analysis to investigate the
relationship between Simpson grade and WHO grade with
recurrence. Only three studies had cohorts with at least 20
patient, but from our analysis WHO grade I Simpson grade
I had a lower recurrence rate per 100-person-years when
compared to WHO grade I Simpson grade II [13—15]. These
results reflect the literature where a higher Simpson grade is
correlated with increased rates of recurrence [31]. In order
to determine level of significance and perform a systematic
analysis, more studies need to provide stratification of recur-
rence rates by WHO grade and by Simpson grading.

Limitations

Our analysis has multiple limitations. Of the 13 included
studies, only five were cohort studies (Level 2 evidence), and
the remaining eight studies were case series (Level 3 or 4).
As both cohort and case series are unable to determine cau-
sation, our analysis did not enable us to determine causality
for differences in recurrence rates following intervention, but
focused instead on the observational changes of recurrence
based on WHO grade [32]. Due to the lack of reporting of
recurrence rates for individual patients, variability in report-
ing of recurrence rate, and a lack of reporting of time until
recurrence, it was not possible to pool the recurrence rates
for each WHO grade to compare to see whether there was a
meaningful statistical significance between recurrence rate.
This represents a major limitation and as a result we were

@ Springer

unable to account for significance or draw conclusions, but
instead focus on ranges of recurrence rates in the literature,
describe noticeable patterns, and provide suggestions for
future research.

The heterogeneity in the study populations also made
comparison difficult. Heterogeneity of demographics is use-
ful for generalizability of results, but the heterogeneity in
intervention type (i.e. different Simpson grading; inclusion
of radiation therapy; radiation therapy dosage) made it dif-
ficult to compare results [33].

Finally, there were limitations from the search and gath-
ering of data. There is a possibility that some studies may
have been missed, though we attempted to minimize this
limitation through use of a comprehensive search strategy,
as outlined in the “Methods”.

Conclusion

Our analysis reveals a need for more rigorous study of men-
ingioma cure and control following surgical therapy. In order
to allow for a more rigorous study of recurrence rates by
WHO grade, future studies should consider stratifying recur-
rence rates by WHO grade and Simpson grade and including
recurrence rates at several points in time so that clinicians
can determine whether a linear, exponential or other model
best reflects the recurrence rates of menigniomas. Future
studies should be prospective in nature to account for the
most recent definitions based on the WHO grade classifi-
cation of brain tumors. If possible, demographics and out-
comes for each patient should be included in the study to
allow for combining data points to accrue the most robust
mean of recurrence.
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