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Abstract

Purpose To identify the risk factors and management of the multiple recurrences and reoperations for intracranial
meningiomas.

Methods Data of a neurosurgical series of 35 patients reoperated on for recurrent intracranial meningiomas were reviewed.
Analyzed factors include patient age and sex, tumor location, extent of resection, WHO grade, Ki67-MIB1 and PR expres-
sion at initial diagnosis, time to recurrence; pattern of regrowth, extent of resection, WHO grade and Ki67-MIB1 at first
recurrence were also analyzed. All these factors were stratified into two groups based on single (Group A) and multiple
reoperations (Group B).

Results Twenty-four patients (69%) belonged to group A and 11 (31%) to group B. The age < 65 years, male sex, incomplete
resection at both initial surgery and first reoperation, and multicentric-diffuse pattern of regrowth at first recurrence are risk
factors for multiple recurrences and reoperations. In group B, the WHO grade and Ki67-MIBI1 increased in further recur-
rences in 54% and 64%, respectively. The time to recurrence was short in 7 cases (64%), whereas 4 patients (36%) further
recurred after many years. Eight patients (73%) are still alive after 7 to 22 years and 2 to 4 reoperations.

Conclusion The extent of resection and the multicentric-diffuse pattern of regrowth at first recurrence are the main risk fac-
tors for multiple recurrences and reoperations. Repeated reoperations might be considered even in patients with extensive
recurrent tumors before the anaplastic transformation occurs. In such cases, even partial tumor resections followed by radia-
tion therapy may allow long survival in good clinical conditions.

Keywords Intracranial meningioma - Time to recurrence - Extent of resection - WHO grade - Ki67-MIB1 - Multiple
recurrences

Introduction

Intracranial meningiomas often recur even after gross total
resection with and without adjuvant radiation treatment,
with a rate ranging from 10 to 32% at 10 years [1, 2]. The
main risk factors include the WHO grade [3-5], the prolif-
eration index Ki67-MIB1 [4, 6—8] and mitotic index [9], the
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extent of resection (EOR) according to Simpson [10, 11]
and the postoperative adjuvant treatments [1, 12, 13]. Other
investigated factors include patient age and sex [3, 4, 14,
15], tumor size [14, 16], location [17-21] and morphology
[17, 22], brain invasion, progesterone receptor (PR) expres-
sion [4, 23-26].

While well-defined guidelines of treatment exist for
intracranial meningiomas at first diagnosis [27], identify-
ing the surgical resection as the gold standard of treatment
for symptomatic meningiomas in good clinical conditions
patients, the management of recurrences is more challeng-
ing, especially when occur many times, and often varies
among Institutions. Most patients with recurrent menin-
giomas are cured after one reoperation and adjuvant radia-
tion therapy; nevertheless, a lesser percentage experiences
further recurrences even after many years. Although the
extent of resection is mostly involved, the factors correlated
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to multiple recurrences have scarcely been investigated.
The present study reviews the medical record data from a
monoinstitutional surgical series of recurrent intracranial
meningiomas with the aim to define the main risk factors for
multiple recurrences and reoperations to assist the neurosur-
geon and radiation therapist in the decision-making process
of treatment and in the planning of neuroradiological and
clinical follow-up.

Methods
Patient population

Data of a neurosurgical series of 560 patients operated
on for intracranial meningiomas between June 2006 and
December 2022 at University of Naples Federico II, have
retrospectively been reviewed. Seventy-four (19%) were
reoperations for recurrence in 48 patients. Inclusion criteria
were patients who underwent reoperations, time to reopera-
tion> 18 months, cases with complete surgical and patho-
logical data of both primary and recurrent meningiomas.
According to the inclusion criteria, 35 patients were eligible
for the study. Sample was divided into two groups: group
A (24 pts, 69%) with one recurrence and one reoperation;
group B (11 pts, 31%), with two or more recurrences and
reoperations.

Analyzed factors and methods

The analyzed factors included patient age at initial observa-
tion and sex, meningioma location, Simpson grade [10] of
resection at initial diagnosis, WHO grade, Ki67-MIB1 and
progesterone receptor (PR) expression at initial diagnosis,
pattern of regrowth, topography of recurrence, and extent of
resection at first reoperation, WHO grade and Ki67-MIB1
between initial diagnosis and first recurrence, number of
recurrences, management and outcome of patients with
multiple recurrences and reoperations.

“Recurrence” was defined as the detection of a new
meningioma at the dural site of the primary tumor after its
gross total resection assessed intraoperatively or on the con-
trast-enhanced brain MRI performed 3 months after surgery.

Reoperation was offered to patients with symptomatic
recurrence and in good clinical conditions.

Patients age at initial diagnosis was graded as < 65 years
and > 65 years. Meningioma location was classified as skull
base, parasagittal-falx and brain convexity.

The WHO grade was defined by reviewing the histologi-
cal specimens according to 2021 WHO Classifications [28].

Immunohistochemical studies were performed to evalu-
ate the Ki67-MIB1 and PR expression.
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The expression of Ki67-MIB1 was evaluated in all cases
by using the monoclonal antibody MIB-1 Immunotech®
(DAKO system) (dilution 1:1000, overnight incubation).
The streptavidin-biotin system and the diaminobenzidine
(DAB) were used for antigen detection and visualization.
Ki67-LI count was performed by eye counting, taking the
average on five adjacent representative fields of neoplastic
cells in a hot spot area. The values of Ki67-LI were divided
into three groups: group I 0-4%, group II 5-9%. Group III
>10%.

The expression of PR was determined in all specimens
with monoclonal antibody against the progesterone (DAKO
1:400, overnight incubation). The quantitative evaluation
was expressed as percentage of positive nuclei among 100
cells, for a total of 500 cells. The percentage of PR positivity
was graded as <30%, 31-60%, >61%.

Preoperative and at follow-up contrast-enhanced mag-
netic resonance imaging (MRI) studies of the brain were
reviewed.

EOR was defined according to Simpson grade on the sur-
geon’s assessment during surgery and confirmed by a post-
contrast MRI of the brain one to three months after surgery.

The pattern of regrowth and topography of the recur-
rences at first reoperation were classified according to our
previous proposal system [29, 30], as: (1) Localized, inside
of the area of the previously resected tumor; (2) Peripheral,
inside and outside within 1 cm from the original tumor mar-
gins; (3) Multicentric, with multiple nodules both at pre-
vious attachment and distal, with seemly health interposed
dura; (4) Diffuse, with diffuse dural infiltration both local-
ized and distant.

WHO grade and Ki67-MIB1 of the meningioma at the
first recurrence, as compared to the initial surgery, were
defined as “stable” (in the same WHO grade and KI67-
MIBI subgroup) or “progression” (WHO grade I to II, from
lower to higher Ki67 values).

All the above cited analyzed factors were statistically
compared between group A and B.

Statistical analysis

The study utilized contingency tables, Fisher’s exact test,
Linear regression analysis and One-Way ANOVA to calcu-
late descriptive statistics. Univariate analysis was performed
to find predictors of outcome for each independent variable:
linear regression analysis for continue variables, and simple
logistic regression for binary variables. Only variables with
a p-value<0.2 from the univariate analysis were included
in the multivariate regression model, to avoid overfitting.
Multivariate analysis was performed using the Cox propor-
tional hazards model to assess the contribution of predictor
variables. The threshold for statistical significance was set
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Table 1 Demographic, radiological and surgical data and number of
recurrences

Table 2 Pathologic findings at initial diagnosis and number of reopera-
tions

Covariation Overall Single Multiple Statistical Covariation Overall Single Multiple Statistical
series 35  recurrence  recurrences signifi- series (35 recurrence recurrences signifi-
pts 24 pts 11 pts cance (p pts) 24 pts 11 pts cance (p
(69%) (31%) value) (69%) (31%) value)

Age WHO Grade

. <65y 20(57%) 12(50%) 8 (73%)  p=0.0013 o1 1131%) 8(33%) 3Q27%)  p=0.44

. >65y 15 (43%) 12(50%) 3 (27%) .11 24 (69%) 16 (67%) 8 (73%)

Sex Ki67 MIB1

*F 22(63%) 17 (71%) 5 (46%) p=0.0005 * I: 0-4% 11 (31%) 8(33%)  3(27%) p=0.44

‘M 13(37%) 7(29%) 6 (54%) «11: 5-9% 9(26%) 6(25%) 3(Q7%)  p=087

Meningioma location o III: > 10% 15 (43%) 10 (42%) 5 (46%) p=0.66

eskullbase 10 6(25%)  4(36%)  p=0.12 Tvs. T vs.

(SB) (28.5%) 1L p=0.65

* parasagittal- 17 13 (54%)  4(36%) p=0.01 PR expression

falx (PF) (48.5%) o1 < 30% 25 (70%) 18 (75%) 7 (64%) p=0.12

* brain convex-  7(20%) 4 (17%) 3(28%)  p=0.08 fI:31-60%  5(15%)  3(12.5%) 2 (18%) p=0.43

ity (BC) CIL>61%  5(15%)  3(12.5%) 2 (18%) p=0.43

* lateral ven- 1 (3%) 1 (4%) -

tricle (LV) Ivs. I vs.

I: p=0.31

SB vs. PF
vs. BC:
p=0.016 meningiomas to experience a single reoperation (group A)

Extent of resection at initial surgery (Simpson grade) (»=0.01); on the other hand, no difference of number of

o1 7(20%)  5(24%) 2 (18%) I-IT vs. 111 reoperations was observed among skull base and brain con-
p=0.03 vexity meningiomas.

.11 (1205 - 8(33%)  2(18%) 1‘1_18’301;/ The EOR at initial surgery was of Simpson grade I in

- 14 &4024) 9 (38%) 5 (46%) II)-II V'S‘ 7 patients (20%), gl'jdde II in 10 (28.5%), grade III ig 14
M-IV (40%), and grade IV in 4 (11.5%). Grades I and Il resections
p=0.0045 were more frequently observed in the single reoperations

W% 4 (11.5%) 2 (8%) 2 (18%) group (group A) (64% vs. 46%). The difference was statisti-

at a p-value of 0.05. The data were aggregated in Micro-
soft Excel (version 14.2.5), and statistical analysis was per-
formed using GraphPad software (version 10.0).

Results

Demographic, radiological and surgical data
(Table 1)

The 35 enrolled patients included 22 females (63%) and
13 males (37%). According to the age at initial surgery,
20 (57%) were younger than 65 years and 15 (43%) were
65 years old or older. The age ranged from 34 to 73 years
(median 59 years). Patients with multiple reoperations, as
compared to those with single reoperation, were mainly
males (p=0.0005) and aged < 65 years old (»p=0.0013).
Meningioma location was on the skull base in 10 patients
(28.5%), in the parasagittal-falx region in 17 (48.5%), on
the brain convexity in 7 (20%) and in the lateral ventricle
in one (3%). The statistical analysis of meningioma loca-
tion revealed significant tendency for parasagittal-falx

cally significant (p =0.0045).

Radiation therapy after initial surgery was administered
in 15 patients and included cases with WHO grade 1 with
subtotal resection and WHO grade II meningiomas.

Pathological findings (Table 2)

The eleven patients with WHO grade 2 meningiomas had
no significantly different number of reoperations than the 24
patients with WHO grade 2 tumors (p =0.44).

The Ki67-MIB1 was <4% in 11 cases (31%), between
5% and 9% in 9 (26%) and >10% in 15 (43%).

No statistically significant difference between group
A and B was observed according to Ki67-MIB1 values
(p=0.65). To better investigate the higher rates of multi-
ple reoperations in younger male patients, we have studied
the Ki67-MIB1 in males. The correlation with patient sex
has show significantly lower rate of values < 4% (15%)
and higher rate of values >10% (62%), as compared to the
females (41% and 32%, respectively) (» <0.0001). On the
other hand, no significant differences of Ki67-MIB1 values
were observed between patients aged <65 years and >65
years.
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Table 3 Recurrence-related find-

Covariation Overall series ~ Single recur- Multiple Recur- Statistical
ings and number of reoperations (35 pts) rence 24 pts rences 11 pts signifi-
(69%) (31%) cance (p
value)

Time to recurrence (median) 47 mo 48 mo 57 mo p=0.34

Topography of the recurrence at the first reoperation

* localized-peripheral 23 (66%) 20 (83%) 3 (27%) »<0.00001

* multicentric/diffuse 12 (34%) 4 (17%) 8 (73%)

Extent of resection at first reoperation

* gross-total 26 (73%) 22 (91%) 4 (36%) p<0.00001

* subtotal 9 (27%) 2 (9%) 7 (64%)

WHO grade and Ki67 MIB1 between

initial surgery and first reoperation

WHO grade

* stable 31 (89%) 21 (87.5%) 10 (91%)

* progression 4 (17%) 3 (12.5%) 1 (9%)

Ki67 MIB1

* stable 25 (70%) 17 (71%) 8 (73%) p=0.87

* progression 10 (30%) 7 (29%) 3 (27%)

The PR expression was <30% in 25 patients (70%),
between 31 and 60% in 5 (15%) and >61% in 5 (15%).
No statistically significant difference was observed between
group A and B according to PR expression values (p=0.31).

Recurrence related findings (Table 3)

The 24 patients (69%) who experienced one recurrence and
one reoperation did not show significantly different median
time to recurrence than the 11 (31%) who underwent two or
more reoperations (p =0.34). According to the topographic
pattern of recurrence, the 23 patients who had localized-
peripheral recurrences at the first reoperation had signifi-
cantly lower rates of multiple reoperations (27%) than 12
patients with multicentric-diffuse pattern of recurrences
(73%). This finding is strongly significant (p <0.00001).

The extent of resection at first reoperation is also impor-
tant. A gross-total resection (GTR) was achieved in 26
patients (73%) and a subtotal (STR) in 9 (27%). Among the
24 patients who experienced a single reoperation, 22 (91%)
underwent GTR versus only 4 among the 11 patients (36%)
belonging to the group of multiple recurrences (p < 0.00001).
The radiotherapy was administered after first reoperation in
the 20 patients who had not been treated before.

The WHO grade of meningiomas at first reoperation
was similar to the initial surgery in 31 patients (89%) and
showed progression from 1 to 2 in 4 (17%), with no dif-
ference between single and multiple reoperations groups
(»=0.64).

The Ki67-MIBI at first reoperation was similar to the ini-
tial surgery (in the same subgroup) in 25 patients (70%) and
showed progression in 10 (30%), with no significant corre-
lation with the number of reoperations (p =0.87).

@ Springer

Table 4 Management and outcome of the 11 patients with multiple
recurrences

Covariation N. of patients (%)

Number of reoperations

2 4 (36%)
.3 5 (46%)
4 2 (18%)

Time to further reoperations

« decreased 7 (64%)
« similar/increased 4 (36%)
Postoperative complications

* death -

« infection of craniotomy site 1 (9%)

WHO grade at further recurrences

« stable 5 (46%)
* progression 6 (54%)
Ki67-Li at further recurrences

* stable 4 (36%)
* progression 7 (64%)

Follow-up (years) 7-22.3 years Median (12 years)

Outcome
* alive-stable 7 (64%)
« alive with progression 1 (9%)

* dead 3 (27%) (7-15 years)

Management and outcome of patients with multiple
recurrences (Table 4)

Among the 11 patients of group B, 4 (36%) had 2 reopera-
tions, 5 (46%) had 3 reoperations and 2 (18%) had 4 reop-
erations. The time to further reoperations, as compared to
time to first recurrence, was reduced in 7 patients (64%) and
almost similar or increased in 4 (36%).

The WHO grade at further reoperations increased in 6
cases (54%) (from 1 to 2 in three and from 2 to 3 in in three)
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and was similar to the initial grade in 5 (46%) (all WHO
grade 2).

The Ki67-MIB1 was stable (in the same subgroup) in 4
cases (36%) and increased in 7 (64%).

No postoperative death occurred. One patient (9%) expe-
rienced infection of the craniotomy site.

The follow-up ranges from 7 to 22.3 years (median 16.8
years). Eight patients (72%) are alive with stable residual
tumor and no adjunctive clinical deficits in 7; one with inva-
sive spheno-orbital meningioma shows right proptosis and
amaurosis and tumor progression. Three patients died for
tumor progression after a survival of 7 to 15 years.

Statistical analysis

The simple logistic regressions showed the Simpson grade
was statistically involved in early meningioma recurrence
(2=2.269; p=0.02).

Multivariate analysis using Cox regression showed that
none of the variables were independently associated to the
multiple recurrence rate (Table 5).

Discussion

Intracranial meningiomas sometimes present multiple recur-
rences even in a long time after the initial surgery. Thus,
patients operated on for a recurrent meningioma ask to the
neurosurgeon whether they are definitively cured after the
first reoperation and adjuvant radiation therapy or are at risk
of further recurrences and reoperations. The present study
attempt to answer to this question through a detailed retro-
spective analysis of many demographics, histopathological,
neuroradiological and surgical risk factors. No other study
has discussed these features correlated to the number of
reoperations of intracranial meningiomas.

The unexpected higher frequency of multiple reopera-
tions in younger male patients deserves to be discussed.
Younger patients are at higher risk to develop multiple
recurrences over the years than older ones, because the
longer life expectancy. On the other hand, elderly patients
have a shorter follow-up, due to the higher risk of death for
other causes. The higher incidence of multiple reoperations
among males agrees with the more aggressive behavior of
meningiomas in male sex. The correlation between sex and
Ki67-MIBI1 at initial diagnosis has shown in male patients
significantly lower rate of cases with values <4% (15%)
and higher rate (62%) of values >10% as compared to the
females (41% and 32%, respectively) (»p <0.00001). On the
other hand, the Ki67 values of the overall series are not cor-
related with the number of recurrences.

0) and multiple (= 1) reoperation and categorical independent variables

Std. Error

0.096
0.10

Table 5 Simple logistic regression analysis between single (

Model

p-value
0.31
0.25
0.09
0.77
0.05
0.58
0.86

AUC

0.6

p-value
0.21
0.15
0.06
0.72
0.02
0.49
0.83

Censored (0)

20
22

Missing data

1.24

Patient age

0.61
0.65
0.53
0.69
0.56
0.51

1.419

Sex

1.877
0.35

14

11

0.098

Location*

0.105
0.091

WHO grade

2.269
0.687

17
25

Simpson grade

0.110
0.10

PR expression
Ki67-MIB1

0.210

20

Multivariate Cox proportional hazards regression analysis— only variables with p <0.2 from univariate analysis were included

Variable
Age

p-value
0.27
0.45

0.15
F) ¥WHO grade is expressed as binary variable (1=WHO grade

Std. Error
0,908

95% CI

Estimate HR

3,115

2.723

0,5342 to 20,63

1,974
3,447

1,134
1,252

4) # Sex is expressed as binary variable (1=M; 0

0,09634 to 10,38

1,000
0,1333

* Location is expressed as continue variable (SB=1; PF

Location*

0,009325 to 1,591

3; LV

Simpson

2; BC= =

WHO grade 2)

;2=
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The meningioma location is a relevant factor for recur-
rence [19, 31, 32]. As shown in our previous report [19],
the recurrence rates of non-skull base [17, 33] and lateral
skull base meningiomas [34, 35] are significantly higher
than that of medial skull base ones [36, 37]. This may reflect
the different embryological origin of the meninges and bio-
molecular expression of the meningiomas according to their
location [38—40]. In this study a correlation between initial
location and number of recurrences was evidenced only for
parasagittal-falx meningiomas, whereas the data of other
locations are not significant. This suggests that the number
of recurrences mainly depends on the topography of the
recurrent tumor more than the initial location.

The extent of resection at initial surgery according to
Simpson grade is a well-recognized factor correlated to the
recurrence of meningiomas [1, 10, 11, 37, 41]. This study
shows that this is a risk factor also for multiple recurrences.
Grades III or IV resections were more significantly corre-
lated to multiple recurrences and reoperations than grades
I and II ones (p=0.045). Residual intrasinusal, bone and
intradural tumor is more likely to progress and escape to the
resection at the first reoperation. Although the term “gross-
total resection” is often used to define Simpson grades I-1I-
IIT together, most cases of grade III resections, as in our
study, have different prognostic values than grades I and II.

The lack of correlation between pathological findings at
initial diagnosis and multiple reoperations is an interesting
result of our study. The proliferation index of the menin-
gioma at initial diagnosis, defined as mitotic index using
anti-pHH3 antibody [9] or as Ki67-MIBI1 [4, 7, 24], was sig-
nificantly correlated with the recurrence and also with the
recurrence-free survival [8]. Most studies use a Ki67 cut-off
at 4% to differentiate between high and low risk of recur-
rence. We did not find correlation with the number of reop-
erations also between Ki67 values (5-9% versus >10%)
of atypical meningiomas. Three other studies focusing on
multiple reoperations [42—44] do not include data of Ki67-
MIBI of both initial diagnosis and recurrences.

Many studies have focused on PR expression and recur-
rences of meningiomas; some [23-25, 45] and two by our
group [4, 26] have found significant inverse correlation,
with higher recurrence rates in meningiomas with low PR
expression at initial surgery. The present study first cor-
relates the initial PR expression with the number of reop-
erations; the results do not evidence significant differences
between patients who experienced single and multiple
reoperations.

Meningiomas may recur with different patterns of growth,
as first described in our previous reports [29, 30]. Most
recur at the previous dural site (“localized”) or inside and
outside the original tumor margins within 1 cm (“periph-
eral”); some may recur in multicentric and diffuse forms,
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with multiple nodules, even distant, and interposed seemly
normal (“multicentric”) or infiltrated (“diffuse”) dura. Mul-
ticentric and diffuse recurrences represent the progressive
growth of multiple distant dural tumoral nodules with differ-
ent potential of growth [46, 47]. In our previous studies [29,
30], patients with multicentric-diffuse recurrences, when
compared with those with localized-peripheral recurrences,
showed significantly higher rates of flat-shaped tumors and
ki67-MIB1 > 4% and lower rates of gross-total resections.
In the present study, the multicentric and diffuse patterns of
regrowth at the first recurrence are significantly associated
to multiple reoperations (p <0.00001). Two recent studies
[48, 49] focus on the pattern of recurrence of meningiomas
with the aim to guide the surgical resection and adjuvant
therapy, but they do not correlate them with further recur-
rences and patient outcome.

The rate of gross-total resections at the first reoperation is
also significantly lower in patients who later required mul-
tiple reoperations. This is a consequence of the significantly
higher rate of multicentric-diffuse patterns of regrowth and
recurrences. This confirms that the gross-total resection at
the first reoperation is the most important factor for obtain-
ing patient cure and no further regrowth.

In this study the histological findings (WHO grade and
Ki67-MIB1) of further recurrences, as compared to those at
the first reoperation, show progression in about half of the
cases; however, only 3 underwent anaplastic transformation
(WHO grade 3), whereas others were atypical (WHO grade
2) also after two or more reoperations. This suggests the
need for reoperating on the further recurrences early, before
the tumor becomes anaplastic.

Lemeé et al. [44] found in their series that the time to
retreatment decreased significantly between surgeries in
patients requiring repeated resections. In our study, this
occurred in 7 among 11 patients (64%) who had multiple
reoperations; on the other hand, in 4 others the second reop-
eration occurred later than the first one. This may probably
result from late histological progression.

The neurosurgeon must often decide when reoperate
on meningiomas which again recur after the first reopera-
tion and radiation treatment. Although the WHO grade and
proliferation index often increase in further recurrences,
in many patients they remain almost unchanged. Surgery
should be considered in symptomatic patients, even with
extensive recurrent tumor, mainly not elderly and without
significant comorbidities. Asymptomatic young patients
with further recurrences after the first reoperation should
also be reoperated on, mainly if harboring large recurrences
in less critical regions. In such cases even partial tumor
resections in repeated operations, followed by radiosurgery
may allow long survival in good clinical conditions.
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Limitation of the study

The retrospective nature of the study and the small size of
the sample of patients included, represent the main limita-
tions of the study.

Conclusion

The pattern of regrowth and the extent of resection at first
recurrence are the most important risk factors for multiple
reoperations of intracranial meningiomas. The extent of
resection at initial surgery is also significant. On the other
hand, the pathological findings at initial diagnosis, although
well-recognized risk factors of recurrence, are not cor-
related to the number of reoperations. Biomolecular stud-
ies will better define this aspect. The often-late anaplastic
transformation must suggest early re-reoperation for further
recurrences.

Acknowledgements Not applicable.

Author contributions F.M. senior surgeon, conceptualization, wrote
the main manuscript text, study supervision; S.C. and G.C. data col-
lection, statistical analysis; M.D.B.D.C.: data collection, study super-
vision.

Funding The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript.

Open access funding provided by Universita degli Studi di Napoli Fed-
erico II within the CRUI-CARE Agreement.

Data availability Data of the current original research are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate Not applicable. The study
is retrospective and all patients are sufficiently anonymized.

Consent to publish Not applicable.
Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1.  Aghi MK, Carter BS, Cosgrove GR, Ojemann RG, Amin-
Hanjani S, Martuza RL, Curry WT, Barker FG (2009) Long-
term recurrence rates of atypical meningiomas after gross total
resection with or without postoperative adjuvant radiation. Neu-
rosurgery 64:56—60 discussion 60. https://doi.org/10.1227/01.
NEU.0000330399.55586.63

2. Nakasu S, Fukami T, Jito J, Nozaki K (2009) Recurrence and
regrowth of benign meningiomas. Brain Tumor Pathol 26:69-72.
https://doi.org/10.1007/s10014-009-0251-2

3. Matsuno A, Fujimaki T, Sasaki T, Nagashima T, Ide T, Asai A,
Matsuura R, Utsunomiya H, Kirino T (1996) Clinical and histo-
pathological analysis of proliferative potentials of recurrent and
non-recurrent meningiomas. Acta Neuropathol 91:504-510

4.  Maiuri F, De Caro MB, Esposito F, Cappabianca P, Strazzullo
V, Pettinato G, de Divitiis E (2007) Recurrences of meningio-
mas: predictive value of pathological features and hormonal and
growth factors. J Neurooncol 82:63—68. https://doi.org/10.1007/
$11060-005-9078-9

5. Franca RA, Della Monica R, Corvino S, Chiariotti L, Del Caro B
M (2023) WHO grade and pathological markers of meningiomas:
clinical and prognostic role. Pathol Res Pract 243:154340. https://
doi.org/10.1016/j.prp.2023.154340

6. Oya S, Kawai K, Nakatomi H, Saito N (2012) Significance of
Simpson grading system in modern meningioma surgery: inte-
gration of the grade with MIB-1 labeling index as a key to pre-
dict the recurrence of WHO Grade I meningiomas. J Neurosurg
117:121-128. https://doi.org/10.3171/2012.3.JNS111945

7. LiuN, Song SY, Jiang JB, Wang TJ, Yan CX (2020) The prognos-
tic role of Ki-67/MIB-1 in meningioma: a systematic review with
meta-analysis. Med (Baltim) 99:e18644. https://doi.org/10.1097/
MD.0000000000018644

8. Mirian C, Skyrman S, Bartek J, Jensen LR, Kihlstrom L, Férander
P, Orrego A, Mathiesen T (2020) The Ki-67 Proliferation Index as
a marker of time to recurrence in Intracranial Meningioma. Neu-
rosurgery 87:1289—1298. https://doi.org/10.1093/neuros/nyaa226

9. Olar A, Wani KM, Sulman EP, Mansouri A, Zadeh G, Wilson CD,
DeMonte F, Fuller GN, Aldape KD (2015) Mitotic index is an
independent predictor of recurrence-free survival in Meningioma.
Brain Pathol 25:266-275. https://doi.org/10.1111/bpa.12174

10. SIMPSON D (1957) The recurrence of intracranial meningiomas
after surgical treatment. J Neurol Neurosurg Psychiatry 20:22-39

11. Hwang WL, Marciscano AE, Niemierko A, Kim DW, Stemmer-
Rachamimov AO, Curry WT, Barker FG, Martuza RL, Loeffler
JS, Oh KS, Shih HA, Larvie M (2016) Imaging and extent of sur-
gical resection predict risk of meningioma recurrence better than
WHO histopathological grade. Neuro Oncol 18:863—872. https://
doi.org/10.1093/neuonc/nov285

12. Rogers L, Barani I, Chamberlain M, Kaley TJ, McDermott M,
Raizer J, Schiff D, Weber DC, Wen PY, Vogelbaum MA (2015)
Meningiomas: knowledge base, treatment outcomes, and uncer-
tainties. A RANO review. J Neurosurg 122:4-23. https://doi.org/1
0.3171/2014.7.JNS131644

13. Sun SQ, Kim AH, Cai C, Murphy RK, DeWees T, Sylvester P,
Dacey RG, Grubb RL, Rich KM, Zipfel GJ, Dowling JL, Leu-
thardt EC, Leonard JR, Evans J, Simpson JR, Robinson CG, Per-
rin RJ, Huang J, Chicoine MR (2014) Management of atypical
cranial meningiomas, part 1: predictors of recurrence and the
role of adjuvant radiation after gross total resection. Neurosur-
gery 75:347-354 discussion 354-345; quiz 355. https:/doi.
org/10.1227/NEU.0000000000000461

14. Domingues PH, Sousa P, Otero A, Gongalves JM, Ruiz L, de
Oliveira C, Lopes MC, Orfao A, Tabernero MD (2014) Proposal
for a new risk stratification classification for meningioma based

@ Springer


https://doi.org/10.1227/01.NEU.0000330399.55586.63
https://doi.org/10.1227/01.NEU.0000330399.55586.63
https://doi.org/10.1007/s10014-009-0251-2
https://doi.org/10.1007/s11060-005-9078-9
https://doi.org/10.1007/s11060-005-9078-9
https://doi.org/10.1016/j.prp.2023.154340
https://doi.org/10.1016/j.prp.2023.154340
https://doi.org/10.3171/2012.3.JNS111945
https://doi.org/10.1097/MD.0000000000018644
https://doi.org/10.1097/MD.0000000000018644
https://doi.org/10.1093/neuros/nyaa226
https://doi.org/10.1111/bpa.12174
https://doi.org/10.1093/neuonc/nov285
https://doi.org/10.1093/neuonc/nov285
https://doi.org/10.3171/2014.7.JNS131644
https://doi.org/10.3171/2014.7.JNS131644
https://doi.org/10.1227/NEU.0000000000000461
https://doi.org/10.1227/NEU.0000000000000461
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

534

Journal of Neuro-Oncology (2024) 168:527-535

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

on patient age, WHO tumor grade, size, localization, and karyo-
type. Neuro Oncol 16:735-747. https://doi.org/10.1093/neuonc/
not325

Maiuri F, Corvino S, Lorenzetti M, Franca RA, Esposito F, Del
Caro B M (2023) Intracranial meningiomas in patients aged > 80
years: pathological features and Surgical problems. World Neuro-
surg 173:¢498—-e508. https://doi.org/10.1016/j.wneu.2023.02.086
Magill ST, Young JS, Chae R, Aghi MK, Theodosopoulos PV,
McDermott MW (2018) Relationship between tumor location,
size, and WHO grade in meningioma. Neurosurg Focus 44:E4.
https://doi.org/10.3171/2018.1.FOCUS17752

Nakasu S, Nakasu Y, Nakajima M, Matsuda M, Handa J (1999)
Preoperative identification of meningiomas that are highly likely
to recur. J Neurosurg 90:455-462. https://doi.org/10.3171/
jns.1999.90.3.0455

McGovern SL, Aldape KD, Munsell MF, Mahajan A, DeMonte
F, Woo SY (2010) A comparison of World Health Organization
tumor grades at recurrence in patients with non-skull base and
skull base meningiomas. J Neurosurg 112:925-933. https://doi.
org/10.3171/2009.9.JNS09617

Maiuri F, Mariniello G, Guadagno E, Barbato M, Corvino S, Del
Basso De Caro M (2019) WHO grade, proliferation index, and
progesterone receptor expression are different according to the
location of meningioma. Acta Neurochir (Wien) 161:2553-2561.
https://doi.org/10.1007/s00701-019-04084-z

Maiuri F, Corvino S (2023) Meningiomas of the rolandic
region: risk factors for motor deficit and role of intra-operative
monitoring. Acta Neurochir (Wien) 165:1707-1716. https://doi.
org/10.1007/s00701-023-05630-6

Maiuri F, Mariniello G, Barbato M, Corvino S, Guadagno E,
Chiariotti L, Del Caro B M (2022) Malignant intraventricular
meningioma: literature review and case report. Neurosurg Rev
45:151-166. https://doi.org/10.1007/s10143-021-01585-3
Nawashiro H (2000) Tumor shape and recurrence. J Neurosurg
93:528

Fewings PE, Battersby RD, Timperley WR (2000) Long-term fol-
low up of progesterone receptor status in benign meningioma:
a prognostic indicator of recurrence? J Neurosurg 92:401-405.
https://doi.org/10.3171/jns.2000.92.3.0401

Roser F, Nakamura M, Bellinzona M, Rosahl SK, Ostertag H,
Samii M (2004) The prognostic value of progesterone receptor
status in meningiomas. J Clin Pathol 57:1033—1037. https://doi.
org/10.1136/jcp.2004.018333

Pravdenkova S, Al-Mefty O, Sawyer J, Husain M (2006) Proges-
terone and estrogen receptors: opposing prognostic indicators in
meningiomas. J Neurosurg 105:163—173. https://doi.org/10.3171/
jns.2006.105.2.163

Maiuri F, Mariniello G, de Divitiis O, Esposito F, Guadagno E,
Teodonno G, Barbato M, Del Caro B M (2021) Progesterone
receptor expression in Meningiomas: pathological and prognos-
tic implications. Front Oncol 11:611218. https://doi.org/10.3389/
fonc.2021.611218

Goldbrunner R, Stavrinou P, Jenkinson MD, Sahm F, Mawrin C,
Weber DC, Preusser M, Minniti G, Lund-Johansen M, Lefranc
F, Houdart E, Sallabanda K, Le Rhun E, Nieuwenhuizen D,
Tabatabai G, Soffietti R, Weller M (2021) EANO guideline on
the diagnosis and management of meningiomas. Neuro Oncol
23:1821-1834. https://doi.org/10.1093/neuonc/noab150

Louis DN, Perry A, Wesseling P, Brat DJ, Cree 1A, Figarella-
Branger D, Hawkins C, Ng HK, Pfister SM, Reifenberger G,
Soffietti R, von Deimling A, Ellison DW (2021) The 2021
WHO classification of tumors of the Central Nervous System:
a summary. Neuro Oncol 23:1231-1251. https://doi.org/10.1093/
neuonc/noab106

Maiuri F, Corvino S, Guadagno E, Del Caro B (2021) M Topo-
graphic distribution of intracranial meningioma’s recurrences:

@ Springer

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

localized versus diffuse-multicentric. [Internet]. Frontiers in Clin-
ical Neurosurgery. IntechOpen; 2021. https://doi.org/10.5772/
intechopen.97120

Maiuri F, Mariniello G, Peca C, Guadagno E, Corvino S,
d’Avanzo S, Del Caro B, de Divitiis M O (2020) Multicentric and
diffuse recurrences of meningiomas. Br J Neurosurg 1-8. https://
doi.org/10.1080/02688697.2020.1754335

Mansouri A, Klironomos G, Taslimi S, Kilian A, Gentili F, Khan
OH, Aldape K, Zadeh G (2016) Surgically resected skull base
meningiomas demonstrate a divergent postoperative recurrence
pattern compared with non-skull base meningiomas. J Neurosurg
125:431-440. https://doi.org/10.3171/2015.7.JNS15546
Savardekar AR, Patra DP, Bir S, Thakur JD, Mohammed N,
Bollam P, Georgescu MM, Nanda A (2018) Differential Tumor
progression patterns in Skull Base Versus Non-skull Base menin-
giomas: a critical analysis from a long-term Follow-Up study and
review of literature. World Neurosurg 112:¢74—e83. https://doi.
org/10.1016/j.wneu.2017.12.035

Materi J, Mampre D, Ehresman J, Rincon-Torroella J, Chaichana
KL (2020) Predictors of recurrence and high growth rate of resid-
ual meningiomas after subtotal resection. J Neurosurg 134:410—
416. https://doi.org/10.3171/2019.10.JNS192466

Sandalcioglu IE, Gasser T, Mohr C, Stolke D, Wiedemayer H
(2005) Spheno-orbital meningiomas: interdisciplinary surgical
approach, resectability and long-term results. J Craniomaxillofac
Surg 33:260-266. https://doi.org/10.1016/j.jems.2005.01.013
Mariniello G, de Divitiis O, Corvino S, Strianese D, Tuliano A,
Bonavolonta G, Maiuri F (2022) Recurrences of Spheno-Orbital
meningiomas: risk factors and management. World Neurosurg.
https://doi.org/10.1016/j.wneu.2022.02.048

Nanda A, Vannemreddy P (2008) Recurrence and outcome in
skull base meningiomas: do they differ from other intracranial
meningiomas? Skull Base 18:243-252. https://doi.org/10.105
5/s-2007-1016956

Lam Shin Cheung V, Kim A, Sahgal A, Das S (2018) Menin-
gioma recurrence rates following treatment: a systematic
analysis. J Neurooncol 136:351-361. https://doi.org/10.1007/
s11060-017-2659-6

Bi WL, Abedalthagafi M, Horowitz P, Agarwalla PK, Mei Y,
Aizer AA, Brewster R, Dunn GP, Al-Mefty O, Alexander BM,
Santagata S, Beroukhim R, Dunn IF (2016) Genomic landscape
of intracranial meningiomas. J Neurosurg 125:525-535. https:/
doi.org/10.3171/2015.6.JNS15591

Boetto J, Peyre M, Kalamarides M (2021) Meningiomas from
a developmental perspective: exploring the crossroads between
meningeal embryology and tumorigenesis. Acta Neurochir
(Wien) 163:57-66. https://doi.org/10.1007/s00701-020-04650-w
Okano A, Miyawaki S, Hongo H, Dofuku S, Teranishi Y, Mitsui J,
Tanaka M, Shin M, Nakatomi H, Saito N (2021) Associations of
pathological diagnosis and genetic abnormalities in meningiomas
with the embryological origins of the meninges. Sci Rep 11:6987.
https://doi.org/10.1038/s41598-021-86298-9

Gousias K, Schramm J, Simon M (2016) The Simpson grading
revisited: aggressive surgery and its place in modern meningioma
management. J Neurosurg 125:551-560. https://doi.org/10.3171/
2015.9.UNS15754

Magill ST, Dalle Ore CL, Diaz MA, Jalili DD, Raleigh DR, Aghi
MK, Theodosopoulos PV, McDermott MW (2018) Surgical out-
comes after reoperation for recurrent non-skull base meningio-
mas. J Neurosurg 1-9. https://doi.org/10.3171/2018.6.JNS18118
Magill ST, Lee DS, Yen AJ, Lucas CG, Raleigh DR, Aghi MK,
Theodosopoulos PV, McDermott MW (2018) Surgical outcomes
after reoperation for recurrent skull base meningiomas. J Neuro-
surg 130:876—883. https://doi.org/10.3171/2017.11.JNS172278


https://doi.org/10.5772/intechopen.97120
https://doi.org/10.5772/intechopen.97120
https://doi.org/10.1080/02688697.2020.1754335
https://doi.org/10.1080/02688697.2020.1754335
https://doi.org/10.3171/2015.7.JNS15546
https://doi.org/10.1016/j.wneu.2017.12.035
https://doi.org/10.1016/j.wneu.2017.12.035
https://doi.org/10.3171/2019.10.JNS192466
https://doi.org/10.1016/j.jcms.2005.01.013
https://doi.org/10.1016/j.wneu.2022.02.048
https://doi.org/10.1055/s-2007-1016956
https://doi.org/10.1055/s-2007-1016956
https://doi.org/10.1007/s11060-017-2659-6
https://doi.org/10.1007/s11060-017-2659-6
https://doi.org/10.3171/2015.6.JNS15591
https://doi.org/10.3171/2015.6.JNS15591
https://doi.org/10.1007/s00701-020-04650-w
https://doi.org/10.1038/s41598-021-86298-9
https://doi.org/10.3171/2015.9.JNS15754
https://doi.org/10.3171/2015.9.JNS15754
https://doi.org/10.3171/2018.6.JNS18118
https://doi.org/10.3171/2017.11.JNS172278
https://doi.org/10.1093/neuonc/not325
https://doi.org/10.1093/neuonc/not325
https://doi.org/10.1016/j.wneu.2023.02.086
https://doi.org/10.3171/2018.1.FOCUS17752
https://doi.org/10.3171/jns.1999.90.3.0455
https://doi.org/10.3171/jns.1999.90.3.0455
https://doi.org/10.3171/2009.9.JNS09617
https://doi.org/10.3171/2009.9.JNS09617
https://doi.org/10.1007/s00701-019-04084-z
https://doi.org/10.1007/s00701-023-05630-6
https://doi.org/10.1007/s00701-023-05630-6
https://doi.org/10.1007/s10143-021-01585-3
https://doi.org/10.3171/jns.2000.92.3.0401
https://doi.org/10.1136/jcp.2004.018333
https://doi.org/10.1136/jcp.2004.018333
https://doi.org/10.3171/jns.2006.105.2.163
https://doi.org/10.3171/jns.2006.105.2.163
https://doi.org/10.3389/fonc.2021.611218
https://doi.org/10.3389/fonc.2021.611218
https://doi.org/10.1093/neuonc/noab150
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1093/neuonc/noab106

Journal of Neuro-Oncology (2024) 168:527-535

535

44,

45.

46.

47.

Lemée JM, Corniola MV, Meling TR (2020) Benefits of re-do
surgery for recurrent intracranial meningiomas. Sci Rep 10:303.
https://doi.org/10.1038/s41598-019-57254-5

Strik HM, Strobelt I, Pietsch-Breitfeld B, Iglesias-Rozas JR,
Will B, Meyermann R (2002) The impact of progesterone recep-
tor expression on relapse in the long-term clinical course of 93
benign meningiomas. Vivo 16:265-270

Borovich B, Doron Y (1986) Recurrence of intracranial menin-
giomas: the role played by regional multicentricity. J Neurosurg
64:58—63. https://doi.org/10.3171/jns.1986.64.1.0058

Kinjo T, al-Mefty O, Kanaan I (1993) Grade zero removal of supra-
tentorial convexity meningiomas. Neurosurgery 33:394-399 dis-
cussion399. https://doi.org/10.1227/00006123-199309000-00007

48.

49.

Obiri-Yeboah D, Soni P, Oyem PC, Almeida JP, Murayi R, Reci-
nos PF, Kshettry VR (2023) Beyond the Surgical Margin: patterns
of recurrence in World Health Organization Grade 2 intracra-
nial meningiomas. World Neurosurg. https://doi.org/10.1016/.
wneu.2023.06.100

Ong K, Rizzuto M, Makarenko S (2023) Location pattern
of recurrence of fully resected grade 1 meningiomas. Acta
Neurochir (Wien) 165:2865-2871. https://doi.org/10.1007/
s00701-023-05758-5

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.wneu.2023.06.100
https://doi.org/10.1016/j.wneu.2023.06.100
https://doi.org/10.1007/s00701-023-05758-5
https://doi.org/10.1007/s00701-023-05758-5
https://doi.org/10.1038/s41598-019-57254-5
https://doi.org/10.3171/jns.1986.64.1.0058
https://doi.org/10.1227/00006123-199309000-00007

	﻿Single versus multiple reoperations for recurrent intracranial meningiomas
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Patient population
	﻿Analyzed factors and methods
	﻿Statistical analysis

	﻿Results
	﻿Demographic, radiological and surgical data (Table ﻿1﻿﻿﻿﻿﻿)
	﻿Pathological findings (Table ﻿2﻿﻿﻿﻿﻿)
	﻿Recurrence related findings (Table ﻿3﻿﻿﻿﻿﻿)
	﻿Management and outcome of patients with multiple recurrences (Table ﻿4﻿﻿﻿﻿﻿)

	﻿Discussion
	﻿Limitation of the study

	﻿Conclusion
	﻿References


