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BACKGROUND: The extent of initial surgical resection has been identified as the strongest prognostic indicator for survival in child

and adolescent meningioma. Given the paucity of data concerning long-term outcome, the authors undertook a meta-analysis to ana-

lyze morbidity in survivors of this disease. METHODS: Individual patient data were obtained from 19 case series published over the

last 23 years through direct communication with the authors. Ordinal logistic regression models were used to assess the influence of

risk factors on morbidity. RESULTS: Of 261 patients, 48% reported a completely normal life with no morbidity, and 25% had modera-

te=severe meningioma-associated morbidity at last follow-up. Multivariate analysis identified relapse as the only independent variable

associated with an increased risk of morbidity (odds ratio, 4.02; 95% confidence interval, 2.11-7.65; P�.001). Univariate analysis also

revealed an increased risk for patients with neurofibromatosis (odds ratio, 1.90; 95% confidence interval, 1.04-3.48; P 5.04). Subgroup

analysis identified a higher incidence of morbidity among patients who had intracranial tumors with a skull base location compared

with a nonskull base location (P� .001). Timing at which morbidity occurred was available for 70 patients, with persistence of preop-

erative tumor-related symptoms in 67% and as a result of therapy in 20%. CONCLUSIONS: The majority of survivors of child and ado-

lescent meningioma had no or only mild long-term morbidity, whereas 25% had moderate=severe morbidity, with a significantly

increased risk in patients with relapsed disease. In the majority, morbidity occurred as a consequence of the tumor itself, justifying

aggressive surgery to achieve gross total resection. However, for patients with neurofibromatosis and skull base meningioma, a more

cautious surgical approach should be reserved. Cancer 2013;119:4350-7. VC 2013 The Authors. Cancer published by Wiley Periodicals,

Inc. on behalf of the American Cancer Society. This is an open access article under the terms of the Creative Commons Attribution-

NonCommercial-NoDerivs Licence, which permits use and distribution in any medium, provided the original work is properly cited,

the use is noncommercial, and no modifications or adaptations are made.
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INTRODUCTION
Central nervous system (CNS) tumors have the second highest frequency of all childhood cancers.1 With advances in neu-
rosurgery, radiotherapy techniques, the use of combination chemotherapy, and improved supportive care, the last 40 years
have witnessed a significant improvement in the survival of these children. However, the price of survival has not been
inconsequential and has been accompanied by an increased burden of long-term morbidity. Subsequently, the long-term
follow-up of survivors has become essential. Several collaborative groups have been established to study large childhood
cancer survivorship cohorts with the objective of identifying, characterizing, and ultimately reducing such complica-
tions.2-5 Notably, 1 of the largest groups, the Childhood Cancer Survivor Study,3 excludes meningioma within its
selection criteria.

Meningiomas constitute 2.2% of all CNS tumors in children and adolescents.6 We previously undertook a multivar-
iate meta-analysis of individual patient data and identified the extent of initial surgical resection as the strongest prognostic
indicator for relapse-free and overall survival in child and adolescent meningioma; and we concluded that aggressive surgi-
cal management, to achieve gross total resection, was the optimal initial treatment of choice.6 Given our previous findings
and the paucity of data concerning the long-term outcome in survivors of child and adolescent meningioma, we sought to
identify the morbidity profile associated with the treatment of this group of patients. We undertook a pooled analysis,
using the PRISMA reporting guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses),7 of every
child and adolescent meningioma case series published over the last 23 years, with the aim of defining the overall morbid-
ity in survivors of this disease.
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MATERIALS AND METHODS

Search Strategy and Selection Criteria

We searched PubMed, Medline, and Embase for articles
published from January 1989 to January 2013 that
included the following terms: “meningioma,”
“childhood,” “pediatric,” “paediatric,” and “adolescent.”
All single case reports and case series of radiation-
associated meningioma were excluded. No study was
excluded on the basis of language. Two reviewers inde-
pendently assessed full text copies of all case series for

entry into the meta-analysis (R.S.K. and N.G.G.). Addi-
tional studies were traced by checking the references of the
selected publications. The search strategy has been previ-
ously described in detail.6

Figure 1 illustrates the selection of studies and
patient data. Forty-six studies initially were identified,8-53

5 of which were excluded49-53 because they reported
duplicate data. Morbidity was reported in 21 studies,8-28

all of which were exclusive to children and adolescents.
Ten patients who had meningiomas that could not be

Figure 1. The selection of studies and patient data are illustrated.
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categorized histologically according to the 2007 World
Health Organization (WHO) grading system54 (eg,
angioblastic, sclerosing) or that were of unknown histol-
ogy were excluded. Eleven patients with radiation-
induced meningioma, 24 patients for whom outcome was
unknown, and 3 patients24 for whom there were duplicate
data in another included publication25 also were excluded.
Of the remaining 326 patients, 52 had died, leaving 274
patients who were eligible for the selection of individual
patient data.

Selection of Individual Patient Data

Corresponding authors of the 21 eligible studies were
invited to submit their individual patient data. Variables
for which data were requested included the extent of ini-
tial surgery (subtotal resection, gross total resection), use
of upfront radiotherapy (no, yes), tumor grade according
to the 2007 WHO classification system (WHO grade I,
II, or III),54 tumor location (supratentorial, infratentorial,
spinal), neurofibromatosis (no, yes), patient sex (male,
female), patient age at diagnosis, and whether the patient
suffered a relapse (defined as either progression or recur-
rence; no, yes). To allow a comparison with previously
published data,6 identical categories were selected and
included within the multivariate analysis for each variable.
Data obtained for clinical endpoints included descriptions
of reversible deficits suffered that were no longer apparent
at last follow-up, including immediate postoperative com-
plications (defined by the Ibanez classification system55 as
occurring within 30 days of the procedure) that were
subsequently treated or resolved; any long-term morbidity
that existed at last follow-up; the timing at which the
morbidity occurred in relation to surgery; and the overall
length of follow-up.

Nineteen studies8-26 provided individual patient
data for 261 patients. Data returned were verified by inde-
pendent assessment with the published study by the 2
reviewers. Clarification and confirmation were sought
from the originating center for any discrepancies identi-
fied. Morbidity was graded independently based on sever-
ity into 3 categories—none, mild, or moderate=severe
(Table 1)—by the 2 reviewers. If the assessments differed,
then a consensus opinion was determined in consultation
with a third reviewer (C.H.C.).

Statistical Analyses

Patients were included in the meta-analysis if complete
information for every variable requested was returned.
Data were collated and are presented as number (per-
centage), mean and range, as appropriate for the type of

data. To assess whether these patients provided an
appropriate representation of the previously published
cohort,6 the survivors from the previously published
cohort who were included in the current study were
compared with those who were excluded using the chi-
square test for sex, location, histology, extent of surgery,
and relapse and using the t-test for age.

Ordinal logistic regression models using the propor-
tional odds assumption were used to assess the influence of
prognostic factors on morbidity. Univariate and multivari-
ate odds ratios (ORs) were calculated for each prognostic
factor. Subgroup analysis to assess the effect of intracranial
tumor location (recategorized as skull base vs nonskull
base) on morbidity was performed using the chi-square
test. P values < .05 were considered statistically significant.
Analyses were done with STATA statistical software
(version 12; Stata Corporation, College Station, Tex).

RESULTS
In total, there were 261 patients from 19 studies. Patient
characteristics are listed in Table 2. We determined that
this study provided an appropriate representation of the
previously published patients,6 because no significant dif-
ferences were detected between data sets for the variables
tested. The mean follow-up was 7.11 years. At last follow-
up, 126 patients (48%) were reported as leading a
completely normal life with no meningioma-associated
morbidity or other comorbidity. There were 116 patients
(44.5%) suffering from meningioma-associated morbid-
ity, with 51 cases (19.5%) classified as mild and 65 (25%)
classified as moderate=severe. The majority of patients
with mild morbidity had minimal reductions in their

TABLE 1. Classification of Morbidity According to
Severity

Morbidity
Category

Inclusion
Criteria

No morbidity KPS 100

GOS 5 with no deficit

No morbidity at last follow-up

Mild morbidity KPS 80-90

GOS 5 with deficit

Morbidity described as “slight”

or “mild” at last follow-up

Moderate/severe

morbidity

KPS �70

GOS �4

Persistent neurologic deficit at

last follow-up, eg, visual deficit,

hemiparesis, seizure disorder

Abbreviations: GOS, Glasgow Outcome Score; KPS, Karnofsky perform-

ance status.

Original Article

4352 Cancer December 15, 2013



Karnofsky performance status (KPS) or Glasgow Outcome
Score (GOS) (KPS 90, 8.4%; KPS 80, 6.5%; and GOS 5
with deficit, 3.4%). The most frequently occurring mor-
bidities in the moderate=severe category included visual
deficit (6.9%), cranial nerve deficit (5.4%), seizure disor-
der (4.6%), GOS 4 (4.6%), and motor deficits (3.4%),
such as hemiparesis and specific limb weakness (Fig. 2).

Meningioma relapse was identified as the only inde-
pendent risk factor for long-term morbidity on multivari-
ate analysis (Table 3), with a 4-fold increased risk in
patients who relapsed compared with patients who did
not relapse (OR, 4.02; 95% confidence interval [CI],
2.11-7.65; P� .001). On univariate analysis (Table 3),
neurofibromatosis was associated with an increased risk of
long-term morbidity (OR, 1.90; 95% CI, 1.04-3.48;
P 5 .04). Subgroup analysis of intracranial tumor loca-
tion revealed a significantly higher incidence of morbidity
for survivors with skull base tumors (61%; n 5 45 of 74
patients) versus those with nonskull base tumors (34%;
n 5 53 of 155 patients; P� .001).

The timing at which the morbidity occurred was
available for 70 of the 116 patients (60%) who suffered
from meningioma-associated morbidity. In the majority
(67%; n 5 47 of 70 patients), the morbidity was pres-
ent before surgery, occurring as a consequence of the

meningioma with subsequent failure of recovery from
symptoms after therapeutic intervention and at last
follow-up. In 20% (n 5 14 of 70 patients), the morbid-
ity occurred as a direct result of treatment. Of these
patients, cranial nerve injury after surgery for skull base
meningioma accounted for 64% (n 5 9 of 14 patients).
The remainder (n 5 5) were individual patients with
growth arrest secondary to radiosurgery, cognitive
impairment after radiotherapy, severe neurologic dis-
ability after surgery for recurrence, chronic headache,
and new-onset seizure disorder. The small number of
patients who suffered morbidity as a consequence of
therapy precluded a meaningful statistical analysis of
therapy as a risk factor. In 13% (n 5 9 of 70 patients),
morbidity was related to multiple craniospinal tumors
in patients with neurofibromatosis.

Information regarding the presence of reversible post-
operative deficits was available for 169 patients, and the
occurrence rate was 22% (n 5 38 of 169 patients). Revers-
ible postoperative deficits comprised infections (n 5 13),
including meningitis and osteomyelitis; reversible motor
deficits (n 5 8); seizure disorders, which subsequently
resolved (n 5 7); intracranial hemorrhage=hematoma
(n 5 4); cerebrospinal fluid leak (n 5 2); hydrocephalus
(n 5 2); pseudomeningocele (n 5 1); and urinary retention
(n 5 1). When only considering the medical complications
in these patients in addition to those that occurred in the
52 patients who died, the overall rate of medical complica-
tions was 8.1% (n 5 18 of 221 patients) and included
infections (n 5 14), postoperative multiorgan failure
(n 5 3), and urinary retention (n 5 1).

DISCUSSION
Meningioma is the most frequently occurring CNS tumor
in adults,56 and several studies have reported an increased
risk of morbidity in survivors.57-61 In contrast, child and
adolescent meningioma is rare, with the majority of
reports for this condition retrospective in nature and re-
stricted to single cases and case series. Consequently, there
is a paucity of literature regarding long-term outcomes in
survivors. To our knowledge, the current individual
patient meta-analysis represents the largest study to date
of morbidity specific to survivors of child and adolescent
meningioma.

This study reveals that, although the majority of
children and adolescents with meningioma have no or
only mild residual morbidity after treatment, 25% of sur-
vivors have moderate=severe morbidity. This compares
favorably with adult meningioma survivors, in which
67% have been reported to suffer from long-term

TABLE 2. Patient Characteristics

Characteristic No. of Patients (n 5 261)

Sex

Male 150

Female 111

Age, y

<3 13

3 to <12 90

�12 158

Location

Supratentorial 204

Infratentorial 33

Spinal 24

Histology: WHO grade

I 200

II 41

III 20

Neurofibromatosis

Yes 44

No 217

Initial surgery

Gross total resection 204

Subtotal resection 57

Upfront radiotherapy

Yes 27

No 234

Relapse

Yes 48

No 213

Abbreviations: WHO, World Health Organization.
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neurologic sequelae.57 The lower incidence revealed in
our study may be explained by the increased ability of
children to undergo neurologic recovery compared with
adults62 and=or the increased risk of comorbidities associ-
ated with age and lifestyle in adults. The incidence of
moderate=severe morbidity identified in this study is sim-
ilar to that reported in a previous study of long-term neu-
rologic morbidity in a heterogeneous group of patients
with low-grade childhood brain tumors who underwent
surgery alone; in that study, 35% of patients had persis-
tent moderate or severe neurologic deficits at last follow-
up.63 Historically, the focus of survivorship has been
related primarily to the sequelae of chemotherapy and
radiotherapy. Because aggressive surgical resection is the
recommended optimal therapeutic strategy for child and
adolescent meningioma,6 our study further highlights the
importance of monitoring and time-appropriate interven-
tion for late effects in survivors of childhood brain tumors
for whom surgery is the mainstay of treatment.

Although we have demonstrated an appreciable
morbidity profile in survivors of child and adolescent
meningioma, morbidity attributable to therapy was low.
The rate of clinically detected, serious medical

Figure 2. Morbidity is illustrated among survivors of childhood and adolescent meningioma. KPS indicates Karnofsky perform-
ance status; GOS, Glasgow Outcome Score.

TABLE 3. Univariate and Multivariate Ordinal Logis-
tic Regression Results for Individual Patient Data:
Morbidity According to Prognostic Factor

Univariate Multivariate

Prognostic Factor OR 95% CI P OR 95% CI P

Age, y

<3 1 1

3-<12 0.51 0.15-1.67 .27 0.44 0.13-1.51 .19

�12 0.68 0.21-2.16 .51 0.60 0.18-2.00 .41

Sex

Female 1 1

Male 1.22 0.76-1.96 .42 1.16 0.70-1.92 .55

Relapse

No 1 1

Yes 4.32 2.34-7.97 < .001 4.02 2.11-7.65 < .001

WHO grade

I 1 1

II 1.54 0.84-2.85 .17 1.58 0.82-3.03 .17

III 0.73 0.28-1.87 .51 0.69 0.25-1.91 .48

Neurofibromatosis

No 1 1

Yes 1.90 1.04-3.48 .04 1.52 0.79-2.92 .21

Location

Supratentorial 1 1

Infratentorial 1.08 0.54-2.15 .82 1.02 0.49-2.09 .97

Spinal 1.81 0.86-3.79 .12 1.23 0.55-2.75 .61

Abbreviations: CI, confidence interval; OR, odds ratio; WHO, World Health

Organization.
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complications after resection of child and adolescent me-
ningioma was low (8.1%) and was comparable to the
reported incidence in adults (6.8%).64 In adults, a wide
spectrum of serious medical complications has been
reported after meningioma surgery64; however, in our
analyses, infection was the primary cause of a serious post-
surgical medical complication (78%; n 5 14 of 18).
Given this finding, appropriate antibiotic prophylaxis
should be instigated perioperatively,65 and immediate
presumptive treatment with broad-spectrum antibiotics
should be undertaken if there is any clinical suspicion of
infection after surgery for child and adolescent meningi-
oma. For patients in whom timing at which the morbidity
occurred was available, morbidity predominantly
occurred as a direct consequence of the meningioma, was
present before surgery, and the patient failed to recover
from the symptoms. One possible explanation may be
that the majority of meningiomas have an indolent
growth pattern over a period of years, with consequent
prolonged pressure exerted by the tumor on intracranial
structures resulting in irreversible neurologic deficits
before diagnosis. Indeed, in adults with untreated, radio-
logically suspected, WHO grade I meningiomas, neuro-
cognitive deficits and reductions in health-related quality
of life have been demonstrated, suggesting that these
effects occur as a result of the tumor itself or as a conse-
quence of tumor-related edema.60 These findings, in
combination with the previously demonstrated low peri-
operative mortality (3%; n 5 20 of 664 patients),6 sup-
port the recommendation for initial aggressive surgical
management for child and adolescent meningioma.

However, we have identified several caveats for
which a more cautious surgical approach should be con-
sidered. The first is for meningioma located at the skull
base. Subgroup analysis revealed a significantly higher
incidence of morbidity among patients with skull base
tumors overall; and it is noteworthy that, of the 14
patients who had therapy-related morbidity, 9 developed
a cranial nerve deficit secondary to surgical excision of a
skull base meningioma. The proximity of the cranial
nerves to the skull base, poor accessibility, more
complex approach, and dural attachments that cannot be
sacrificed increase the complexity and duration of surgery
for skull base meningioma and, ultimately, the ability to
perform gross total resection.26 For these patients, the risk
of significant long-term neurologic morbidity needs to be
carefully considered against the benefit of aggressive sur-
gery to achieve gross total resection. If the risk of morbid-
ity precludes gross total resection for skull base
meningioma, then it may be more beneficial to perform a

subtotal resection and to reserve repeat surgery for tumor
progression.

Second, caution should be undertaken for patients
who have neurofibromatosis. Meningiomas are the
second most frequently occurring tumors in patients with
neurofibromatosis type 2,66 whereas they reportedly occur
at the same incidence as the general population in patients
with neurofibromatosis type 1.67 Several studies have
demonstrated that a large proportion of meningiomas in
patients with neurofibromatosis type 2 exhibit minimal or
saltatory growth on serial imaging.68,69 Both types of neu-
rofibromatosis predispose patients to multiple craniospi-
nal tumors, and the natural history of the disease has to be
balanced against the risk of additional long-term morbid-
ity with aggressive surgical management. Our results have
indicated an increase in meningioma-associated
morbidity among patients with neurofibromatosis, with
the effect persisting at a reduced level after adjustment for
covariates. Our findings add further support to the
recommendation that surgery should be reserved for
symptom-producing tumors,69 with the overall neurosur-
gical goal of achieving symptom control rather than
radical resection in patients with neurofibromatosis.

Our study demonstrated a significant increase in
morbidity for patients who relapsed. This may occur
because of the cumulative effect of pressure on intracranial
structures by recurrent=progressive tumor and=or
repeated therapeutic intervention resulting in irreversible
neurologic deficits. In our analyses, only 3 patients
developed morbidity as a result of repeat surgery after a
relapse, and 2 of those patients had meningiomas located
at the skull base. Patients with meningioma relapse are
challenging, because this likely signifies recalcitrant dis-
ease with potential for a higher proliferative index.70

Given our findings and taking into consideration the
aforementioned caveats, we advocate aggressive surgical
management for children and adolescents with meningi-
oma relapse.

This study has several limitations, the most notable
being that it is retrospective. In addition, there is no stand-
ardized classification system for morbidity, which has
resulted in heterogeneous recording and reporting by
different authors. Furthermore, morbidity was reported as
an ancillary finding within the majority of studies for
child and adolescent meningioma. Indeed, only 21 of the
41 studies (51%) that were eligible for entry reported
morbidity data. Moreover, examination of long-term
sequelae, such as neurocognitive and health-related qual-
ity of life assessment, was not undertaken. To our
knowledge, only 1 detailed case report exists documenting
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time-dependent recovery of motor and cognitive func-
tions in a boy aged 6 years who had a right frontal lobe
atypical meningioma.71 The paucity of data regarding
these outcome measures is in contrast to adult meningi-
oma survivors, in which several studies have demonstrated
that significant numbers of patients experience impaired
cognition and worse health-related quality of life
compared with healthy matched controls.58-61 Because
child and adolescent meningioma is rare, the number of
patients available for study is small, which may explain
the lack of statistical significance for several variables asso-
ciated with morbidity. The small number of patients who
suffered morbidity as a consequence of therapy precluded
meaningful statistical analysis for therapy as a risk factor.
For the same reason, we were unable to distinguish
between the different types of neurofibromatoses. A feasi-
ble approach to overcome the limitations of this analysis
and definitively assess the extent of morbidity and risk
factors pertaining to long-term sequelae in survivors of
child and adolescent meningioma would be to establish a
central registry with standardized international reporting
of morbidity data.

In conclusion, in contrast to adults, the majority of
survivors of child and adolescent meningioma had no or
only mild long-term morbidity. However, 25% of
patients had moderate=severe long-term neurologic mor-
bidity. Given that the risk of morbidity is significantly
increased in patients with relapsed disease and that, in the
majority of patients, morbidity occurs as a consequence of
the tumor itself, we conclude that aggressive surgery to
achieve gross total resection is warranted. However, for
children and adolescents with neurofibromatosis and for
those with meningioma of the skull base, a more cautious
surgical approach should be observed.
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