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Abstract
Background

Incidental findings such as meningioma are beconmiegeasingly prevalent. There is no
consensus on the optimal management of these fmati€he aim of this study was to
examine the outcomes of patients diagnosed wiih@dental meningioma who were treated

with surgery or radiotherapy.

Methods
Single-center retrospective cohort study of adudtigmts diagnosed with an incidental
intracranial meningioma (2007-2015). Outcomes m@edrwere post-intervention morbidity,

histopathological diagnosis and treatment response.

Results

Out of 441 patients, 44 underwent treatment. Med@m at intervention was 56.1 years (IQR
49.6-66.5); 35 female and 9 males. The main indindbr imaging was headache (25.9%).
Median meningioma volume was 4.55 ¢(QR 1.91-8.61) and commonest location was
convexity (47.7%). Six patients underwent surgetyingial diagnosis. Thirty-eight had
intervention (34 surgery and 4 radiotherapy) adtenedian active monitoring duration of 24
months (IQR 11.8-42.0). Indications for treatmerdrev radiological progression (n=26),
symptom development (n=6), and patient preferencé&d). Pathology revealed WHO grade
| meningioma in 36 patients and WHO grade Il inrfothe risk of postoperative surgical and
medical morbidity requiring treatment was 25%. faahd late moderate adverse events
limiting activities of daily living occurred in 28% of patients treated with radiotherapy.
Recurrence rate following surgery was 2.5%. All mgiomas regressed or remained

radiologically stable following radiotherapy.

Conclusion
The morbidity following treatment of incidental iatranial meningioma is not negligible.
Considering most operated tumors are WHO gradedtrnent should be reserved for those

manifesting symptoms or demonstrating substant@ith on radiological surveillance.



Introduction

Arising from the arachnoid cap cells in the brameningiomas are the commonest primary
intracranial tumors. Their management consists of surgery, radiothereamiosurgery, and
active clinical-radiological monitoring. Meningiomapresenting with focal neurological
deficits and seizures have clear management aigwsit safe maximal resection being first
line treatment. In contrast, there remains no clear consensushennianagement of
asymptomatic meningiomas diagnosed during radiotdgexamination for non-specific
symptoms or other diseases, often referred to asid&ntal meningiomas'. ® The
widespread availability of magnetic resonance im@giMRI) and computed tomography
(CT) has led to an increased reporting of incidefimaings, and patients are becoming the
so-called Victims Of Modern Imaging Technology (VOWM* ° Incidental findings cause
significant patient anxiety and distress which esenpounded by the uncertainty faced by

clinicians in their on-going managemént.

The IMPACT (ncidentalMeningioma:PrognosticAnalysis Using PatienComorbidity and
MRI Tests) study is a longitudinal analysis of clini@ld radiological outcomes in a
retrospective cohort of patients with incidentatacranial meningiomaHere we report the
surgery and radiotherapy outcomes of patients dedun the IMPACT study who underwent
treatment at initial diagnosis or after a period aotive monitoring. We examine post-
intervention morbidity, mortality and histopathoilog diagnosis and investigate the clinical

and radiological variables associated with outcomes

Material and Methods

The Institutional Review Boards at the authorstitnfons approved this study, which was
conducted and reported based on recommendatiorteeoSTROBE (Strengthening the
Reporting of Observational Studies in Epidemiolosgtement.

Study design and baseline characteristics

The IMPACT cohort comprised of adults (ag&6 y) with a newly identified incidental
asymptomatic meningioma between January 2007 arzkerber 2015, with follow-up
through to March 2018. Patients with radiation-iceld and neurofibromatosis type 2—
associated meningiomas were excluded. Specifier@itfor inclusion in this study were:
patients who (i) had undergone surgery or radiegtnerduring the study period, (ii) had
adequate documentation in the medical recordsmbtyathology, admission, operative and

discharge details, and (iii) had pre- and postdperamaging available. The study setting
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was the Walton Centre NHS Foundation Trust, the gpkcialist stand-alone neuroscience
hospital in the UK. It serves a catchment area &f @illion people and has service

partnerships with 18 other hospitals.

Baseline variables of interest and data sources

Clinical variables included patient age at inteti@m sex, the World Health Organization
(WHO) performance status (PS) and the age-adj@hedison comorbidity index (ACCY),

19 collected retrospectively from electronic and papedical records.

Imaging factors included (i) calcification on noontrast CT (diffuse/partial/absent), (ii)
tumor signal intensity compared with the contrakdtgray matter on T2-weighted or fluid
attenuated inversion recovery (FLAIR) MRI (hypo/isgper), (iii) peritumoral signal
intensity in relation to tumor volume using thergmychange present on T2/FLAIR MRI (0—
5%/6—33%/34—-66%/67-100%), (iv) meningioma volumengisthe ABC/2 formula on
contrast-enhanced T1-weighted MRI/CT: (A) maximunenmngioma diameter on axial
plane, (B) diameter perpendicular to (A), and (@xmum height on coronal/sagittal plane,
(v) meningioma location, classed into non-—skull ebasnd skull base and further
subcategorized according to the International Cdnso on Meningioma (ICOM)
classification system and (vi) proximity to majarrdl venous sinuses (separat&q mmy}/in
direct contact with sinus wall/invading). All factowere recorded using last available pre-
intervention radiology apart from calcification tsig and tumor signal intensity which were

noted using initial diagnostic scans.

Intervention details and outcomes

Treatment details included indication for intervent(radiological progression/new symptom
development/patient preference) and time to intgrea. For patients who underwent
surgery, the following was noted: (i) Simpson grdde recorded by the surgeon in the
operative notes), (i) tumor grade (reclassifiedoading to the WHO 2016 critefid and
histological subtype, (iii) postoperative medicatlasurgical complications (Landriel-Ibafiez
Classificationt?), (iv) WHO PS postoperatively and (v) tumor reemce on MRI. Simpson
grades |-l denoted gross total resection (GTR)iJst subtotal resection (STR) was defined
as grades IV-V. For patients who underwent stectioteadiosurgery (SRS) and fractionated
stereotactic radiotherapyfSRT), the following was recorded: (i) mode of treant
(primary/adjuvant/salvage), (ii) total dose (Gragy]), (iii) early and late X3 months)
toxicity (assessed by Common Terminology CriteoaAdverse Events v5.0), (iv) WHO PS



post-intervention and (v) radiological tumor respen during follow-up
(progression/regression/stable disease).f&6BT, number of fractions and fractionated dose

were noted.

Statistical analysis

Baseline patient demographics were expressed udeggriptive statistics; normally

distributed variables as mean (standard deviat®])] and skewed variables as median
(interquartile range [IQR]). Statistical differescamong outcome groups for categorical
variables were examined using Chi-squared tegtistrer's exact test if group sizes were less
than five. Normally distributed data were examingsing the Student’'s t-test. Skewed
continuous data were assessed using the Mann-WHitrtest. Differences were considered
statistically significant at P<0.05. The five arfétylear cumulative incidence rates of primary
outcome measures (intervention and recurrence) wstienated using life-table statistics.

Data were analysed using R v3.5.0.

Neuro-oncology service and incidental meningionacpce

The neuro-oncology service at our center servestehment population of 3.5 million
peoples and treats over 500 brain tumor patientsialy. There are seven subspecialized
neuro-oncology surgeons and five radiation neurmtmgists. Management decisions for
meningioma are made by consensus within the neacology tumor board. Patients are
considered for treatment if they become symptomaiicif they are asymptomatic but
showing evidence of meningioma growth on surved&aMRI. Age, performance status and
comorbidities are also considered. Patients awgnméd of the board’s recommendation and
counselled about each management option (surgdigth@rapy/active monitoring) before
making a shared care decision. Patients with asymmggic meningioma may express a
preference to have the meningioma treated. Sungan@oval of meningioma is carried out as
an elective procedure by a neuro-oncology surgeost-operative CT is carried out on day 1
to assess the level of cerebral edema and to neteréesence of hemorrhage. A baseline MRI
is carried out at 3 months post-surgery. Followdigcharge from hospital, patients are
followed-up clinically and radiologically in a spabzed neuro-oncology clinic at appropriate
intervals based on meningioma grade, extent ofcteseand clinical status. Radiotherapy
parameters are determined by the radiation neucotogists and is delivered using modern
Novalis TX® LINAC SRS techniques.



Results

Study population

Figure 1 details the study population selectioncess. During an overall median follow-up
duration of 55.0 months (IQR 37.0-80.0), 10.0% @)Fdnderwent an intervention; six at
initial presentation (due to patient preference) a8 after a median active monitoring period
of 24.0 months (IQR 11.8-42.0). The five- and 1@+ymtervention-free survival rates were
90.0 and 87.0% respectively. Patient demographiod alinical characteristics are

summarized in Table 1.

Surgical outcomes

Extent of resection, histopathology and recurrence

Gross total resection was achieved in 92.5% (3704@atients. The three STRs (Simpson
IV) (7.50%) were for superior sagittal sinus invaglimeningiomas, with two residuals
(WHO grade 1) treated with adjuvant radiotherapgh€ 4). For 36 (90.0%) patients, surgery
revealed WHO grade | meningiomas of the followingtdlogical subtypes: meningothelial
(n=11), psammomatous (n=8), fibrous (n=8), traosdl (n=6), angiomatous (n=1),
microcystic (n=1) and lymphoplasmacyte-rich (n=The remaining four (10.0%) were
WHO grade Il atypical meningioma with increased atiit activity in three cases and
microscopic brain invasion in one case. The fivaryecurrence free survival rate was 97.0%
(median follow-up 35.5 months [IQR 23.0-44.8]). Aatypical meningioma had early
recurrence five months following GTR (Simpson INMhich was treated with fractionated
radiotherapy (54 Gy/30 fractions). The patient vieitowed-up for 37 months following
radiation with no evidence of further recurrencdobe dying from a hospital-acquired

pneumonia that was unrelated to their meningioma.

Postoper ative morbidity and performance status

Neurosurgical complications requiring treatmentagtps Ib-Illb) occurred in 15.0% (6/40) of
patients within 30 days of treatment (Table 2). Tpatients had permanent neurological
complications — both had meningioma invading thpesior sagittal sinus. Five (12.5%)
patients experienced grade la complications, widichnot necessitate further medical or
surgical intervention. Surgical complications ocedrin six of 10 (60.6%) patients with
peritumoral signal change compared to five out 6f (26.7%) with no signal change

(P=0.014). Nine (22.5%) patients experienced pastive medical complications (grades
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la-1b), four of which required medical treatmentra@e Ib). The two outcome groups
(complications vs. no complications) did not stataly differ in baseline clinical

characteristics (Table 3).

Postoperatively 37 patients were PS 0-1. Threéemat (7.5%) had deterioration in
performance status after treatment: two patientement GTR of parasagittal meningiomas
(PS 3 & 4) and one patient (PS 2) underwent GTR mdsterior fossa meningioma in contact

with the transverse sinus.

Radiation treatment outcomes

Radiotherapy treatment details and outcomes aremswired in Table 4. Four patients
receivedfSRT and three had SRS. Radiation treatment wasneteried after a period of
active monitoring (n=4), following subtotal surdicasection of grade | meningioma (n=2)
and at early recurrence of a grade Il meningionthivs months of surgery (n=1). All seven
patients exhibited regression or stable diseasenglar median follow-up period of 31.0
months (IQR 12.0-37.0). Maximum early toxicitiesrevggrade Il in two (28.6%) patients.
Two late grade Il toxicities were also observedfdtemance status post-intervention was 0-1

for all patients.

Case vignettes

Casel

A 62-year old female patient (ACCI 3 and PS 0) wegnosed with an asymptomatic left
posterior parasagittal meningioma during MRI inigegion of migraines. Patient was offered
treatment (surgery/radiotherapy) or active moniigrand opted for the latter. Meningioma
volume increased from 2.47 &no 5.39 cmover the course of 4 years (Fig. 2). Considering
the slow radiological progression and the persteof headaches, the patient requested
surgery. Day one postoperatively, the patient dged right-sided hemiparesis and focal
seizures. CT demonstrated a large cerebral hematithasurrounding oedema causing
effacement of the pre- and post-central gyri (RG). Pathology revealed a WHO grade |
meningothelial meningioma. At the last follow-upgpaptment 32 months following surgery,
there was no evidence of recurrence, and the mpeafoce status (PS=3) and hemiparesis
were unchanged. Patient continues to be under ahe @f a neurologist for uncontrolled

migraines.



Case 2

A 58-year old female (ACCI 2 and PS 0) was foundhdee an asymptomatic left posterior
fossa meningioma during MRI investigation of vestiyyolume at initial diagnosis was 3.7
cm® and after 12 months of follow-up, volume increage®.9 cniwith peritumoral edema
and left-sided motor symptoms (Fig. 3). A sharedigien to operate was made. Pathology
revealed a WHO grade | fibrous meningioma. Day 4t gargery, the patient became drowsy
(] GCS). A CT revealed a hematoma causing mass effégt 3D), which required
evacuation. At the last follow-up appointment 30nting postoperatively, patient was PS 0

with no evidence of recurrence.

Discussion

Modern radiotherapy techniques and microsurgicadectgon are treatment options
recommended by several authors as first-line fernttanagement of incidentally-discovered
intracranial meningiomas:*® In this study, the rate and nature of morbiditising both
treatment modalities and the histopathological mp&tars of these tumors are strong
arguments against treatment at initial diagnosisutarsequent ‘soft’ indicators for treatment

such as asymptomatic slow radiological progression.

Post-intervention morbidity

Previous reports have shown old age and co-moybtditcorrelate with post-intervention
morbidity and worse long-term neurological functién*® Our cohort of incidental
meningioma patients was on average younger and avitbw burden of comorbidities,
however, the risk of complications observed washéigthan expected. Description of
outcomes following surgery and radiotherapy foideatal intracranial meningioma is sparse
and the limited number of reports on this topiklagstematic classification and reporting of
morbidity.® ?° The risk of complications in our study requirimgatment was 25%, similar to
the risk following treatment of symptomatic menmmia®® Therefore, the concept of
prophylactic surgery or radiotherapy to avoid fetatinical and radiological progression of
all patients with incidental meningiomas is a somaiflawed argument, particularly as only
10-25% of patients will have growth necessitatingeivention” > A recent study of the
English National Cancer Registry also demonstrabedl approximately a fifth of patients
with ‘benign’ WHO grade | meningiomas were deceasiter 10-years of surgery; over what

one would expect without the dised3doreover, surgical resection of a meningioma may



contribute to a reduced health related quality itd bnd lead to clinically meaningful

impairment in several cognitive domains for up €oygars following surgers’

Patient selection for treatment based on imagimagmaters

In keeping with the ‘meningiomics’ approach to peralised managemeft,selection of
appropriate patients for early intervention carbb#er delineated using existing prognostic
models” 2° Almost half of meningiomas in this treated cotdemonstrated hyperintensity on
MRI and some were associated with peritumoral sigienge indicative of vasogenic
oedema. Whilst these meningiomas are predisposeddiological growth and clinical
progressiort, “ and underwent intervention in our study for suatidations, the increased
risk of treatment-related morbidity seen in botin series and other studi€s**would justify
continuing active monitoring until definitive praggsion (i.e. symptoms of severity that need
treatment e.g. seizures or focal motor deficitjusscLarger meningiomas at presentation are
correlated with progression during follow-up andraesed operative morbidity rfSk
however, meningioma volume in our study did noteham impact on morbidity and only a
few operated meningiomas (n=9, 21%) were >1G. ¢rhis reflects the fact that incidental
meningiomas are typically smaller than symptomatéeningiomas and remain so throughout
follow-up. Similarly, meningioma location and praity to critical neuro-vascular structures
ought to be considered and this has been incogmbriaito recent prognostic models of
incidental meningioma growthThe treated incidental meningioma in this studyeamainly
non-skull base (n=30, 68%) and surgical adversatevaccurred in 9 cases (30%) compared
to only 14% (2/14) in skull bases meningioma. Whihis initially seems counter-intuitive
since skull base meningiomas are more closely appeted to critical neuro-vascular
structures, it serves to highlight the challengssoaiated with apparently straightforward
convexity and parasagittal meningiomas. These mgémnas often overlie motor, sensory or
language cortex, have intimate relationships taicrdraining veins and the sagittal sinus,
and can be prone to idiosyncratic post-operativelral edema. A more conservative
approach to these meningiomas is advised, and taeffestiveness study of earlyersus
delayed (on evidence of progression) interventiod the impact on patient outcome and

healthcare resources would help aid decision mdkinthis group of patients.

Choice of treatment intervention

Most patients in our study who progressed undengengical resection whilst a minority
were treated with radiotherapy. The majority ofidgental meningiomas have a tumor volume

less than 10 cihsuch that surgery and radiosurgery are both redéeroptions to deliver
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good control rate§®. Ultimately, the decision will be based on awvailiay of treatment
facilities, physician experience, meningioma lomatiand importantly patient preference.
Following SRS, up to 14% of patients experienceeasly events including epilepsy and
cognitive deficits™® These are closely related to the development sf-B&S peritumoral
edema, which may be associated with parasagittdl pamafalcine locatioft ** This is
postulated to be due to the breakdown of the tuonain interface complicated by venous
compression and subsequent congestioff. These observations in addition to the surgical
morbidity associated with meningioma invading theus underlines the importance of
including venous sinus invasion as a radiologicatedon of disease progression in

prognostic studie¥’ %

Histopathology and behaviour following treatment

Operated incidental meningiomas in our series \parearily WHO grade | with few tumors
fulfilling WHO grade 1l criteria. There were no mlisgnosed metastatic tumors. Previous
studies of incidental meningioma have shown thattist majority (~94%) are WHO grade |
and therefore active monitoring is entirely justifias the first line manageméhta DNA-
methylome based classification of meningioma hasnty been developed to stratify
symptomatic tumors into six distinct prognostic upe® Although we do not have
methylation data for our cases, we postulate thadtwould fall into the benign methylation
classes (e.g. MC ben-1), however, those that grewrmre likely to be in the intermediate

methylation class.

Study strengths and limitations

This is a single-center retrospective study ofte@ancidental intracranial meningiomas,
which adds to the literature available on postrirdation morbidity and histopathological
parameters enabling better decision making. Quaditylife assessment could not be
performed based on clinical notes available thoiigbhould be noted that most patients
remained under follow-up with the majority repogino change in clinical symptoms; this
comes in support of the notion that most patients an incidental meningioma lead normal
lives — a supposition supported by the limited iyaif life studies’® ** Although we did not
investigate patient anxiety it is neverthelessrapartant factor that merits consideration in
agreeing a management and follow up plan with pttie With regards to generalizability,
the study cohort having been derived from a tertiastitution, which solely serve a large
population of 3.5 million, and the agreement witfopstudies on variables associated with

postoperative outcomes, adds to the strengthsosthdy. However, the external validity of
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our analysis is limited by its meningioma populatiith case complexity which may not
extrapolate to other centers and clinician andepédi bias with determination of treatment

options.

Conclusions

Incidental intracranial meningiomas are increagingdmmon and form a not insubstantial
workload for neurosurgeons and neuro-oncologistensfilering the histopathological
findings of operated meningiomas and the morbidiggociated with surgery and radiation,
prolonged active monitoring with MRI surveillance the recommended management
strategy. This is supported by the decrease in aegdatment intervention despite the rise in
prevalence of new meningioma diagno&eBetails surrounding duration of observation and

interval in-between scans/appointment can be belktdéineated using prognostic models.
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Figurelegends

Fig. 1. Study population and indications for br@f/MRI

Fig. 2. (A) Coronal FLAIR MRI demonstrating a hypeense left posterior parasagittal
meningioma with a volume of 2.5 éiblue arrow). (B) Over the course of 4 years ofofot

up, volume increased to 5.4 €m(C) Coronal non-contrast CT showing a left ceaébr
haematoma 1-day postoperatively causing effacemiettie surrounding gyri (red arrow).
(D) Coronal non-contrast CT 1-week following susgedemonstrating maturation of

haemorrhage and surrounding oedema (3 red arrows).

Fig. 3. (A) Axial T1+contrast MRI demonstratingedtlsquamous occipital meningioma with
a volume of 3.7 crh(blue arrow). (B) Over the course of 12 months afofv-up, volume
increased to 6.9 ¢ (C) axial CT showing a left hematoma (red arravith significant
mass-effect on the left cerebellar hemisphere,tiiowentricle and brainstem. (D) Axial
T1+contrast MRI 30 months with no evidence of reent or residual meningioma.
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Tables

Table 1. Baseline clinical and imaging variables fahe IMPACT cohort and patients who received

intervention
IMPACT cohort Intervention
(N=441) cohort (N=44)
Age Median (IQR) 64.0 (55.0-72.5 56.1 (49.6-66
Sex, N (%) Female 348 (78.9) 35 (79.5)
Male 93 (21.1) 9 (20.5)
ACCI Median (IQR) 4 (3-6) 2 (1-4)
0-2 103 (23.4) 23 (52.3)
3-5 212 (48.1) 18 (40.9)
>6 126 (28.6) 3 (6.80)
PS Median (IQR) 0 (0-1) 0 (0-0)
0-1 387 (87.8) 44 (100)
2-4 54 (12.2) 0 (0)
Indication for treatment, Radiological
N (%) progression 26 (5.9) 26 (59.1)
New symptom
development 6(14) 6(13.6)
Patient preference 12 (2.7) 12 (27.3)
Meningioma count, N
(%)
Single 426 (96.6) 44 (100)
Multiple 2 13 (2.9) 0 (0)
3 1(0.2) 0 (0)
4 1(0.2) 0 (0)
Volume* Median (IQR) 1.6 (0.6-4.0) 4.55 (1.9-8.6
<10 cn? 420 (91.5) 35 (79.5)
>10 cm 39 (8.5) 9 (20.5)
Location, N (%)* Non-skull base Convexity 183 (3.9 21 (47.7)
Parasagittal 77 (16.8) 5 (11.4)
Parafalcine 36 (8.2) 2 (4.50)
Tentorial 21 (4.6) 2 (4.50)
Intraventricular 5(1.1) 0 (0)
Skull base Sphenoid wing 45 (9.8) 6 (13.6)
Posterior fossa —
lateral & posterior 42(9-2) 409-1)
Anterior Midline 34 (7.4) 3 (6.8)
Posterior fossa —
midline 16 (3.5) 1(2.3)
Calcification, N (%)* Diffuse 81 (17.6) 1(2.3)
Partial 74 (16.1) 5(11.4)
Absent 109 (23.7) 13 (29.5)
NA 195 (42.5) 25 (56.8)
'Il\'lu(r(;gi signal intensity, Hypo 75 (16.3) 3 (6.80)
Iso 210 (45.8) 18 (40.9)
Hyper 119 (25.9) 23 (52.3)
NA 55 (12.0) 0 (0)

5)



Peritumoral signal

intensity, N (%6)* 0-5% 373 (81.3) 34 (77.3)
6-33% 16 (3.5) 2 (4.50)
34-66% 13 (2.8) 5(11.4)
67-100% 2 (0.4 3 (6.80)
NA 55 (12.0) 0 (0)
i\r’]‘f/gﬂ/‘fmsgr‘]‘:’SN o | NO 291 (63.6) 20 (45.5)
Yes Separate 49 (10.5) 4 (9.10)
In direct contact 98 (21.4) 12 (27.3)
Invaded 21 (4.6) 8 (18.2)
Venous sinuses
involved, N (%) SSS 95 (56.5) 14 (58.3)
CS 35 (20.8) 4 (16.7)
SS 21 (12.5) 3 (12.5)
TS 15 (8.9) 3 (12.5)
Torcula 2(1.2) 0 (0)

Abbreviations: NA=not available; CS=cavernous sir8#8S=superior sagittal sinus; SS=sigmoid sinusire8sverse sinus
Imaging parameters for the IMPACT cohort are atgméation, however they were recorded using lastabla pre-intervention
radiology (apart from calcification status and tursignal intensity) for the intervention cohort

*The IMPACT cohort imaging parameters are for 45%imgiomas in 441 patients
tFor meningiomas in proximity of venous sinuses




Table 2. Details of postoperative surgical compli¢ions

Patient Extent of WHO | Postoperative Clinical If yes Persisted beyond 30 Landriel-Ibafiez
ICOM category Sub-category resection- P manifestation | YEs, days of treatment? e
number . grade radiology manifestation Classification
Simpson grade (yes/no) (yes/no)
1 Parasagittal Anterior GTR-I I Haemorrhage Yes M(cj)tor deficit, Yes Hlib-P
ysphasia
2 Convexity Anterior GTRI I Subdural Yes Seizure No llia-T
empyema
Decreased level

Posterior fossa—|  Squamous GTR-III of consciousness llla-T
3 - - | Haemorrhage Yes No

lateral & posterior occipital ({Glasgow

Coma Scale)
4 Parasagittal Posterior STRV | Haemorrhage Yes Motor_ deficit, Yes lla-P
seizure
5 Sphenoid wing Lateral GTR-II | - Yes Seizure No b-Ti
6 Convexity Posterior GTR-II I Cerelal Yes Motor deficit No Ib-T
abscess
7 Convexity Posterior GTR-I : - Yes Visual deficit Yes la-P
8 Parasagittal Posterior STR-IV | - Yes Motor diefic Yes la-P
9 Convexity Anterior GTR-I I CSF No NA No la-T
accumulation

10 Convexity Anterior GTR-III Il Haemorrhage No NA No la-T
11 Parafalcine Posterior STR-IV | Haemorrhape No NA No la-T

Abbreviations: P=permanent; T=transient; NA=notlmajble




Table 3. Difference in clinical and radiological claracteristics among the postoperative
complication groups
Overall postoperative complications P
Yes (N=15) No (N=25)
Age Median (IQR) 59.0 (49.5-66.8 53.5 (49.0-64.8) 0.670
Sex, N (%) Female 12 (36.4) 21 (63.6) 0.769
Male 3(42.9) 4 (57.1)
ACCI Median (IQR) 2 (1-3) 2 (2-4) 0.431
Postoperative surgical complications
Yes (N=11) No (N=29)
Meningioma volume Median (IQR 7.84 (5.33-21.6) 68(1.92-7.33) 0.077
Meningioma location, N (%)| Non-skull base 9 (31.0) 20 (69.0) 0.694
Skull base 2 (18.2) 9 (81.8)
. - . . =0
Ele(r(';)l;moral signal intensity,| 0-5% 5 (16.7) 25 (83.3) 0.014
6-100% 6 (60.0) 4 (40.0)
Eg/e();ous sinus involvement, NNo 3 (15.8) 16 (84.2) 0.163
Yes 8 (38.1) 13 (61.9)




Table 4. Radiation treatment details and outcomes

o

Patient Age at ICOM Sub- Meningioma Mode Modalit | Duration of | Doseffrac | Follow-up Treatment Early CTCAE Late CTCAE
number | treatment category category volume (cms) y treatment | tion (Gy) (months) Response toxicity-(0-4) toxicity-(0-4)
, Sex (days)
1 56, F Convexity Anterior 0.50 Primary SRS 1 125 70 Regression Fatigue-1 Neuralgia-1
Headache-1
2 49, M Posterior Petro-clival 0.26 Primary SRS 1 125 12 Stable \logi 1 Paresthesia-1
fossa -
midline
3 45 M Anterior Tuberculum 3.20 Primary fSRT 42 54/30 33 Stable Nausea-1 Headache-2
midline sellae
4 67, F Sphenoid Medial 0.56 Primary | fSRT 42 54/30 8 Regression Nausea-1 TN disorder
wing Fatigue-2
5 56, F Parasagittal Posterior NM Adjuvant SR$ 1 512 31 Stable Fatigue-1 NR
Paresthesia-1
6 52, F Parafalcine Posterior NM Adjuvant fSRT 42 54/30 24 Stable Nausea-1 NR
Fatigue-1
Alopecia-2
7 68, M Convexity Anterior NM Salvage| fSRT 42 54/30 37 Stable Fatigue-1 Phantom pain-

Abbreviations: NM=not measured; NR=none reported




Incidental intracranial meningioma
(n=474)

Inaccessible medical
records (n=33)

v

Patients examined (n=441)

v

Indication for MR/CT
- Headache (25.9%)
- Cerebrovascular disease (13.8%)
- Audiovestibular symptoms (12.9%)
- Head trauma (7.9%)
- Cognitive deficits (6.1%)
- Visual problems (5.0%)
- Loss of consciousness (4.1%)
- Miscellaneous (24.3%) including sinusitis
and lethargy

y

Intervention after active
monitoring (n=34)

v

Surgery at initial
diagnosis (n=6)

A 4

Radiotherapy
(n=4)

v

Surgery
(n=34)










Abbreviations
ACCI, Age adjust Charlson comorbidity index

CT, Computed tomography

fSRT, Fractionated stereotactic radiotherapy
GTR, Gross total resection

Gy, Gray

IMPACT, Incidental meningioma: prognostic analysis using patient comorbidity and MRI
tests

IQR, Interquartile range

MRI, Magnetic resonance imaging

PS, Performance status

SD, Standard deviation

SRS, Stereotactic radiosurgery

STR, subtotal resection

STROBE, Strengthening the reporting of observational studies in epidemiology
VOMIT, Victims of modern imaging technology

WHO, World Health Organization
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