Neuroimaging of astroblastomas: a case series and systematic review

Runni“uroimaging features of astroblastoma

Ryo Kuro@a Babal, Mariko Kurokawal, Yoshiaki Otal, Omar Hassanl, Aristides
CapizzanabielmsKim', Timothy Johnson?, Ashok Srinivasan', Toshio Moritani'

'Division 0 roradiology, Department of Radiology, University of Michigan, 1500 E.
Medical c@ Ann Arbor, MI, 48109, US.

? Departmfht jostatistics, University of Michigan School of Public Health, 1415
Washingtort Hetghts, Ann Arbor, MI, 48109, US.

* Correspmuthor

Ryo KuroKawa, M.D., Ph.D.

Division adiology, Department of Radiology, University of Michigan, Ann Arbor,
Michigan

1500 E igal Center Dr, UH B2, Ann Arbor, MI 48109.

Email: gmail.com

Phone: +ls784-219-2884

Fax: +1-7¢800

Funding: nofic.

Keyw&lastoma; neuroimaging features; CT; MRI; systematic review

Abstract :

This is the anuscript accepted for publication and has undergone full peer review but has not
been th copyediting, typesetting, pagination and proofreading process, which may lead to
differences be this version and the Version of Record. Please cite this article as doi:

10.1111/jon.12948.

This article is protected by copyright. All rights reserved.


https://doi.org/10.1111/jon.12948
https://doi.org/10.1111/jon.12948
https://doi.org/10.1111/jon.12948
mailto:kuroro63@gmail.com

Background and Purpose

Astroblast is a rare type of glial tumor, histologically classified into two types with
dlfferelg pro¥oses: igh and low grade. We aimed to investigate the CT and MRI findings of

astroblast(h collecting studies with analyzable neuroimaging data and extracting the

C

imaging fe useful for tumor grading.

Methods

us

We searc ports of pathologically proven astroblastomas with analyzable

§

neuroima using PubMed, Scopus, and Embase. Sixty-five studies with 71 patients

d

with as s met the criteria for a systematic review. We added eight patients from our

hospital g in a final study cohort of 79 patients. The proportion of high-grade tumors

W

was compared in groups based on the morphology (typical and atypical) using Fisher’s exact

[

test.

Results

tho

High-and Yow-grade tumors were 35/71 (49.3%) and 36/71 (50.7%), respectively. There was a

U

significan nce in the proportion of high-grade tumors based on the tumor morphology

(typica logy: high-grade = 33/58 [56.9%] vs. atypical morphology, 2/13 [15.4%],p =

A
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0.012). The reviews of neuroimaging findings were performed using the images included in

{

each art rticles had missing data due to the heterogeneity of the collected studies.

P

Conclu-sions

Detailed ngiroifagging features were clarified, including tumor location, margin status,

Crl

morpholo ttenuation, MRI signal intensity, and contrast enhancement pattern. The

S

classificat mor morphology may help predict the tumor’s histological grade,

U

contributing to clinical care and future oncologic research.

[

Introduc

d

Astrob rare tumor of glial origin, accounting for 0.45-2.8% of all gliomas." It
affects ildren and adolescents more frequently.” Astroblastomas mainly develop in
the supratStorial regions, but may also occur in the ventricles,> brainstem,’ cerebellum,’® and

spinal cor

no

Clinicallyf§patients with astroblastomas often present with headaches. Other common

|

symptomsMnclude seizures, focal neurologic deficits, and vomiting.*’ Cunningham et al.

U

reported t l-demarcated, solid, cystic, and enhanced masses with peritumoral edema

were t aging features for astroblastomas.'

A
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These tumors have been histologically classified into two types: low-grade/well-differentiated

and higWaplastic based on the degree of cellularity, nuclear atypia, mitotic index,

microvachration, necrosis (possibly with pseudopalisades), and the MIB-1

N
proliferatiw.11 Previous studies have reported that histological grouping correlates with

prognosis@vever, the CT and MRI features useful to differentiate between the two

grades ha t been established. Although no study has focused on the relationship between

US

the tumor morph@logy and grades, we noticed that astroblastomas could be classified into the

several m@phological types from clinical experience.

B

e se of this systematic review was to investigate the imaging features of

a

astrobla collecting previous studies with analyzable neuroimaging data and extracting

M

the fea
images, inww cases.

Methods O

This st&iiformed according to the Preferred Reporting Items for Systematic Reviews
and Meta-@s (PRISMA) 2020 statement.'*

Study

for grading. It presents the largest cohort with analyzable CT and MRI
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We searched studies published after 2001 in PubMed, SCOPUS, and Embase databases on July

14, 202Many language limit, using the following search words:

1. "astro;;astoma") AND ((radiology) OR (neuroradiology) OR (imaging) OR (magnetic

res& OR (computed tomography)) for PubMed;

2. AL oblastoma AND [(radiology OR neuroradiology OR imaging OR [magnetic
Amance] OR [computed AND tomography]) for SCOPUS;

3. as:ma AND (radiology OR neuroradiology OR imaging OR [magnetic AND

re@ OR [computed AND tomography]) for Embase.

Eligible pmns fulfilled the following criteria:

I. T ors were histologically proven intracranial astroblastomas;

2. Ar!lyzable preoperative CT or MRI images;

3. Ea m t’s demographic data were available.

The ex iteria were:

th

1. Only postsurgical status for astroblastoma;

Ul

2. €0 ence of other tumors;

A
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3. Image quality insufficient for evaluation;

4. Urﬂull text.

N JREEABIsh articles were translated into English using Google Translate

(www.trax@ogle.com) and examined. We obtained an exemption from our institutional

review bo clude unpublished cases from our hospital with histologically proven

S

astroblast preoperative CT and MRI images. We searched the electronic database of

U

our institution without a date limit and found 14 patients with histologically proven

A

astroblastomas. Among them, preoperative neuroimaging examinations were analyzable in

>

eight patients meeting the inclusion criteria. Data were acquired in compliance with all

applicable He nsurance Portability and Accountability Act regulations.

r M

Data anal

no

Two boardcertified radiologists with nine and six years of experience in neuroradiology,

|

blinded tofthe tumor-grade, independently performed the study selection and CT and MRI

U

image reviewe numerical factors, the mean of the values between the two reviewers was

used f lyses. Any discrepancy in the categorical factors between the two reviewers

A
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was arbitrated by a third board-certified radiologist with 13 years of experience in

{

neurora

crip

Collected diita

The followingidata were collected:

us

Demographic:

°
0
oo

all

at diagnosis; sex.

Clinical:

1ng complaint; tumor grade; treatment strategy; recurrence after gross total

M

resgction; period between the initial surgery and tumor recurrence; survival status

I"

wi follow-up period in each study; follow-up duration.

O

Radiologigal:

Uith

, laterality, location, margin status, and morphology (four types, Figure 1);

si ensity of solid and cystic components (relative to the cortex) in T2-weighted

1 T2WI), fluid-attenuated inversion recovery (FLAIR), and T1-weighted images

This article is protected by copyright. All rights reserved.

7



(T1WD); contrast enhancement; diffusion restriction and apparent diffusion coefficient

Mues; peritumoral edema; CT attenuation (relative to the cortex); intratumoral

caQntratumoral hemorrhage. For ADC measurement, we placed three

N
separate ROIs in the solid components of the tumors while carefully avoiding cystic,

ne@kotic, galcified, or hemorrhagic regions and vessels. The mean was used for the

o

analyses.

Cl

UG

The descr the following factors from each study was extracted and included:

1

st enhancement pattern on post-enhanced T1WI when pre-enhanced T1WI

.

nl alyzable;

1on or hemorrhage in inconclusive images.

Y

Quality a

or

Wee 1 to evaluate the methodological quality of case reports/series proposed by

th

Murad et prising eight signaling questions in four domains: selection, ascertainment,

U

causality, and rting.

A
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Statistical d

The prépofieReRhigh-grade tumors was compared between groups based on the recurrence
after gros:@section, tumor margin status, and morphology (typical and atypical) using
Fisher’s ems. The age at diagnosis was compared between the two tumor grades using
Mann-Whi test. The two most frequent tumor morphological types out of the four were
considered typical, while the other two types were considered atypical. Family-wise

€ITor-corr o-sided P values < 0.05 (Bonferroni) were considered statistically

a

significant? ed the intraclass correlation coefficient (2, 1) and kappa analyses to assess

the inter-readet@liability for the numerical and categorical factors, respectively. All

I

statistical analyses were performed using R software (version 4.0.0; R Foundation for

I

Statistical ing, Vienna, Austria).

Result

utho

Study sel

A
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Database searches using PubMed, SCOPUS, and Embase yielded 265 abstracts which were
screenem PRISMA 2020 guidelines.'* After removing duplications, irrelevant

studies bsttract screening, and studies with unavailable full text, 101 potentially
N

eligible stwained. We excluded 36 studies based on the inclusion/exclusion criteria.

We identi@udies, including 71 patients with astroblastomas, meeting the requirements

of the sySWView (Figure 2)," ®!%121672 ranging from 2002 to 2021. In addition, we

included the unpublished reports of eight patients with astroblastomas from our hospital (Table

U

1), resulti@ig in a final study cohort of 79 patients. MN1 expression was reported in nine cases

2,16-21
from sevem. 16

Risk of bias assessment

L

Selection: ection methods were rarely described in the studies since they were case

f

reports and Therefore, selection bias may have been introduced.
AscertaMatment options and outcomes were ascertained in most cases.

Causalily.: ow-up duration in surviving patients ranged from one month to over 11

1
years, ay impact the generalizability of the survival rates.
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Reporting: CT, T2WI, FLAIR, pre-contrast TIWI, ADC values, and post-contrast MRI were

analyzaM9 (34.2%), 53/79 (67.1%), 30/79 (38.0%), 8/79 (10.1%), and 64/79 (81.0%),

respectiveQ

Demographic, clinical data

SCI

The demographi®and clinical data of the 79 patients are summarized in Table 2. The median

U

age at dia as 13 years (range: 0—77 years), with female predominance (62/79, 78.5%).

N

The major; tients were aged < 10 years (27/79, 34.2%), followed by 10-19 years (25/79,

31.6% low-grade tumors were observed in 35/71 (49.3%) and 36/71 (50.7%)

patients vely.

e majority of the patients (51/75, 68.0%) presented with headaches, followed by

=

nausea/vo, @ D2/75, 29.3%), and seizure/epilepsy (20/75, 26.7%). Surgery alone was the

most ccﬂmployed option (44/76, 57.9%), and tumor recurrence after gross total

resecti rved in 16/56 cases (28.6%). During the follow-up period, 58/68 patients

{

4

(85.3%) survivedi(median, 18 months; range, < 1-135 months).
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Neuroimaging data

findings are summarized in Table 3. The majority of tumors were located in

the supr-atent&la compartment (74/79, 93.7%). Tumor morphology I (24/79, 30.4%) and II
(40/79, SO%re considered typical, in contrast to atypical morphology III (8/79, 10.1%)
and IV (7/79%8%%). Contrast enhancement was observed in all but one case (63/64, 98.4%).
Diffusion mon was observed in 9/14 patients (64.3%), with a median ADC value of 0.69
x 107 mﬁatumoral calcification and hemorrhage were observed in 21/30 (70.0%) and
12/23 (52@65, respectively (patient 1, Figure 3). Dynamic susceptibility-enhanced
perfusion @ performed in three cases,”” including one of our patients (patient 8, Figure
4). Elev ebral blood flow and volume were observed in all cases. Representative cases

from o re shown in Figures 3—6. The inter-reader reliability was generally good

(Table 4).&___

Statistical analyses

ttho

There was a si cant difference in the proportion of high-grade tumors based on the tumor

morph ical morphology [I or II]: high-grade = 33/58 [56.9%] vs. atypical

A
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morphology [IIT or IV]: 2/13 [15.4%], p = 0.012), without significant differences in the other

t

factors

crip

Discussio

This systefhafic r@view investigated the demographic, clinical, and neuroimaging findings of

$

71 patients w1 troblastomas with analyzable CT/MRI images in 65 publications and eight

U

patients fr; ospital. Astroblastomas were frequently located in the supratentorial regions

’

(73/79, 92 tients under the age of 20 were mainly affected (52/79, 65.8%), with a

d

female ce (62/79, 78.5%). A significant difference emerged in the proportion of

high-gra rs based on the tumor morphology.

r v

5

@ o to the 2016 World Health Organization (WHO) classification,

astroblast@inas are classified similarly to other neuroepithelial tumors, including choroid

th

. . . . . 73 .
gliomas offthe third ventricle and angiocentric gliomas.”” Recent advances in the molecular

U

understan NS tumors revealed that MNI alteration is characteristic of tumors

exhibit orphology and clinical characteristics of astroblastomas.’”* However,

A
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astroblastoma diagnosis was based on histological features in most previous studies.
Astroblee generally been recognized in two different histological types:

low-gradeQentiated and high-grade/anaplastic. High-grade tumors show a higher
N

1
and recurrence.®!?

[

rate of pr

radiological findings, Cunningham et al.'® summarized the neuroimaging

USC

characteristics of 127 astroblastomas. They reported that typical neuroimaging findings of

1

astroblast he supratentorial and superficial locations, well-demarcated, mixed

d

cystic-soli s, and contrast enhancement. The tumor location and the frequency of

contrast enhanC8ment are consistent with our results. In this study, we restricted the study

VA

cohort to cases with analyzable CT/MRI images, providing two major advantages. It allowed

I

us to eval ing findings, such as CT attenuation, MRI signal intensity, and tumor

O

margin sta g uniform criteria. Additionally, three board-certified radiologists reviewed

and di images in every case. Thus, several differences emerged between the study

th

by Cunni al. and this study.'® We identified 18/79 (22.8%) tumors with ill-defined

U

margins, whereasqonly 3/82 cases (3.7%) were reported in their study.'® We could evaluate the

signal in f the cystic components of the tumors not examined previously. Furthermore,

A
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we found a significant difference in the proportion of high-grade astroblastomas between the

two catwsidered on examining the tumors based on four morphologies. Considering

the differeero gnosis and recommended treatment strategy between high-and

low-grade stomas, this neuroimaging morphological classification may improve the

E

clinical pragtice @hd promote further oncologic investigations.

USC

This study had some limitations. Although this study presents the largest cohort of

n

astroblast h analyzable CT/MRI images, the number of patients was limited. The

d

reviews o aging findings were performed using the images included in each article,

not the serial ifi@ge slices. However, radiological evaluation was performed by three

V]

board-certified radiologists to mitigate the risk of inappropriate assessments. In addition, some

data were due to the heterogeneity of the studies collected, including tumor size and

Or

findings o ed MRI sequences, such as perfusion MRI and MR spectroscopy. Further

1

studies advanced sequences are required.

Aut
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In conclusion, astroblastoma frequently occurs in supratentorial regions in female

patientswyears of age. By reviewing cases with analyzable CT/MRI images, detailed

neuroimaQs were better characterized, including tumor location, margin status,
N

morpholo

E

ttenuation, MRI signal intensity, and contrast enhancement pattern. The

classiﬁcat@d on tumor morphology may help predict the tumor’s histological grade,

contributi clihical care and future oncologic research.

Us
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I. Solid mass with surrounding cysts Il. Solid mass with internal cysts

l1l. Cystic mass with irregular rim IV. Solid mass without cysts

Figure 1. morphologies of astroblastoma.
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[ Identification of studies via databases and registers 1

é Records identified through
G databasc scarching Records removed before sercening:
% PubMed. SCOPUS, Embase Duplication (n = 101)
g (n=263)
Records sereened Records excluded (n =52)
(n=164) > Full-text unavailable (n = 11)
g
= 4
g K Full-text articles excluded
= Full-text articles (n=36)
” asscssed for eligibility L No CT or MRI imaggs (n = 29)
(n=101) Status post-surgery for astroblastoma (n = 3)
Coexistenee of other tumors (n = 2)
Insufficient image quality (n=1)
TnsufTicient patient data (n = 1)
) Y
E Studies included in review
S5 P
= (n=1063)
=
N
Figure 27 diagram of study identification. n = number.
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Figure 3. Supratentorial high-grade astroblastoma in a 1-year-old child presenting with

L

weakness 0 ft upper and lower extremities (patient 1). The solid components of the tumor

show high intensity on fat-suppressed T2-weighted image (a) and fluid-attenuated inversion

recove&z) and low intensity on T1-weighted image (not shown) with heterogeneous

enhancem iffusion restriction is observed with the mean apparent diffusion coefficient

value 0&-3 mm?/s (d, e). The cystic components show various signal intensities on
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each sequence with a fluid-fluid level indicating intratumoral hemorrhage (a: arrows).

UnenhaMows an intratumoral calcification (f: arrowhead). The tumor appears as a

solid masQunding cysts (morphology I).

Figure Wtorial high-grade astroblastoma in a 7-month-old child presenting with eye
rotation, fever, a; vomiting (patient 8). The solid components of the tumor show mainly high

intensi -weighted image (a) and fluid-attenuated inversion recovery (FLAIR) images
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(b), and high and iso-intensity on T1-weighted image (c¢). The cystic components show high
intensitwweighted image (a) and FLAIR images (b) and low intensity on T1-weighted

image (c).&ghted image shows very low intensity, suggestive of intratumoral

3

calcificati . arrowhead) and a fluid-fluid level, indicating hemorrhage (d: arrow). The

C

tumor presgnts solid mass with surrounding cysts (morphology I). Dynamic susceptibility

contrast p 1oWMRI shows elevated relative cerebral blood volume (e) and blood flow (f) in

S

the solid compon@nts of the tumor.

U

Figure 5. mtorial high-grade astroblastoma in a 1-year-old boy presenting with

weakn left lower extremity (patient 7). The solid components of the tumor show high
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intensity on T2-weighted image (a) and low intensity on T1-weighted image (not shown) with

heterogmmncement (b). The mean apparent diffusion coefficient value is 1.02 x

107 mmz/sQ‘nor shows a solid mass with internal cysts (morphology II).

Figure Mtorial low-grade astroblastoma in a 3-year-old girl presenting with headache
(patient 2). The s@lid components of the tumor show iso and low intensity on T2-weighted

image intensity on fluid-attenuated inversion recovery image (b), and low intensity on
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T1-weighted image (c) with heterogeneous enhancement (d). Diffusion restriction is observed
with thwarent diffusion coefficient value of 0.65 x 10°mm?/s (e, f). The tumor shows

a cystic m&gular rim (morphology III) and ependymal contact on post-contrast

coronal T ed image (g). Unenhanced CT shows partial calcification (h, arrowhead).

Tables

NUSCE

Table 1. De % phic, clinical, and radiological data of the eight patients with

a

astrobl ur hospital

—_
[\
w
N
W
(@)
|
o)

atients

Dem

ograp 7
LD

hic 1/Fem 3/Fem 30/Fe 3/Fem 12/Fe 13/Fe 1/Mal month
digenosis

& ale ale male ale male male e s/Fem

cal o
{ing LUE  Heada Heada Heada Dizzin LLE  Eye
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data complaint and che che, che, ess, weakn rotatio

H LLE Nause Nause Loss  ess n,
Q weakn a/Vom a/Vom of Fever
N
s ess iting iting  Vision up,
O Vomit
N
T:de High High Low High High High High

n

Yes Yes Yes Yes Yes Yes Yes

Yes No No Yes Yes No Yes

No Yes No Yes Yes No No Autop

Ma

sy

[

45 35 8

No No No N/A month month month

2
3

suggery) ] ] ]

th

Surviv Surviv Surviv Decea Surviv Surviv Surviv Decea

Patient S

J

sed e e e sed

(¢]
(¢]
(¢]

This article is protected by copyright. All rights reserved.

35
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om month month month 1 month month month

{
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USCII
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Leptomeninge
Yes No Yes Yes Yes Yes No Yes

{

L lee!
1]
I<g
=
)

No Yes No Yes Yes Yes Yes Yes

r

LUE =1le

SC

xtremity, LLE = left lower extremity, T1/T2WI: T1/T2-weighted images.

FLAIR: fluid-attghuated inversion recovery, Iso = iso intensity/ iso attenuation, ADC =

J

apparent diffusion coefficient, N/A = Not applicable

Man

[

Table 2. phic and clinical information of the 79 patients with astroblastomas

0

Demograp

h

Median age at diagnosis (years [range]) 13 [0-77]

{

Sex Male = 17, Female = 62

AU
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Clinical

T

Headache

Headache: 51/75 (68.0%); Nausea/Vomiting:

- 22/75 (29.3%); Seizure/epilepsy: 20/75 (26.7%)

Tumor graO Low = 36/71 (50.7%), High = 35/71 (49.3%)

I
Treatmenw
Surgery alon;s 44/76 (57.9%)

Surger)Ciation 14/76 (18.4%)
Surgerymemotherapy 2/76 (2.6%)

Sur chemoradiation 13/76 (17.1%)

Chemotligrapy alone 1/76 (1.3%)

]

O

Chemo nd radiation 1/76 (1.3%)

Aut 1/76 (1.3%)

th

Recurrence after 8ross total resection 16/56 (28.6%)

U

A
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Survive = 58/68 (85.3%), Deceased = 10/68
Patient status

{

(14.7%)

Follow &p uration (median [range]) (n =

18 months [<1-135]
61) L
n= numberO
Table 3. aaging characteristics of the 79 patients with astroblastomas
Parameterc

Size ( e]) (n=38)* 57.5 mm [25-110]

Ma

Right, 38/79 (48.1%); Left, 33/79 (41.8%); Middle,
Laterality
7/79 (8.9%); Bilateral, 1/79 (1.3%)

or

Tumor ext @

Sup 74179 (93.7%)

th

Frontal lobe 44/79 (55.7%)

Ul

A
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Parietal lobe 33/79 (41.8%)

{

Tempor 11/79 (13.9%)
Insulg@ 3/79 (3.8%)
Basal g@inglia 4/79 (5.1%)
Corpus

2/79 (2.5%)

Ventric 4/79 (5.1%)

NUSCEI

Extra-axial (except for ventricles) 1/79 (1.3%)

a

Brai 4/79 (5.1%)

Y

Cer 1/79 (1.3%)

well-defined = 61/79 (77.2%), ill-defined = 18/79

Tumor m

or

(22.8%)

I: 24/79 (30.4%); 11: 40/79 (50.6%); I11: 8/79 (10.1%);

ih

<

Tumor
IV: 7/79 (8.9%)

U

T2WI tensity Solid component Cystoid component

A
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High intensity

{

Iso intensi

Lowlin

g

FLAIR signal int@nsity

G

High infgait

Iso inte

NUS

Low intensit

a

TIWI sa

=
<

Hig

Iso inte

Of

Low intensi

N

Contra ent

Any

Aut

34/53 (64.2%)

16/53 (30.2%)

20/53 (37.7%)

Solid component

18/28 (64.3%)

10/28 (35.7%)

7/28 (25.0%)

Solid component

10/30 (33.3%)

7/30 (23.3%)

17/30 (56.7%)

63/64 (98.4%)

45/46 (97.8%)

3/46 (6.5%)

Cystoid component

16/25 (64.0%)

1/25 (4.0%)

10/25 (40.0%)

Cystoid component

6/28 (21.4%)

1/28 (3.6%)

23/28 (82.1%)
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Heterogeneous 44/64 (68.8%)

{

Homoge 16/64 (25.0%)
Ring™ 1/64 (1.6%)

Scarce 2/64 (3.1%)

SCI

=3

Diffusion 1 9/14 (64.3%)

U

Median A e (10°mm?s)
0.69[0.47-1.3]

[range] (n

df

Peritumoral®e 54/77 (70.1%)

M

CT de Solid component Cystoid component
High at&uation 23/27 (85.2%) 0
Iso attex@ 2/27 (7.4%) 0
Low;x 3/27 (11.1%) 26/26 (100%)
Calcification; Heszorrhage 21/30 (70.0%); 12/23 (52.2%)

A
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Leptomeningeal contact;
61/76 (80.3%); 31/67 (46.3%)
Epend

o

* In cases where measurements in multiple directions were performed, the maximum value

1

was used lculation of the tumor diameter. n = number, T1/T2WI = T1/T2-weighted

C

images, FL = fluid-attenuated inversion recovery, ADC = apparent diffusion coefficient.

Table 4. Inter-reader reliability

anus

kappa ICC
Maxi ize (mm)* 0.99
ADC valu m?*/s)* 0.99
O
Laterality 1
L
Tumor M 1
Tumor m; 0.9

A
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Morphology 0.94

T2WI 0.90
MRI signQ
N

FLAIR 0.66
(solid) L

‘ ’ TIWI 0.85
w T2WI 0.79
MRI signal intensty
FLAIR 0.86
S -
i TIWI 0.73
Diffusi igition 1
Contra ent 0.86
Peritumorh] 0.94
CT solid : 0.70

-

CT cys“ 1

Calciﬁcat: 0.96

<
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Hemorrhage 0.94

Leptomenﬂact 1

Epend y#h J"SEHEae t 1

* ICC of tmor size and ADC value were calculated in the eight cases from

our hospi

SCr

ICC = intraclass@prrelation coefficient, T1/T2WI = T1/T2-weighted images,

u

FLAIR = nuated inversion recovery, ADC = apparent diffusion

coefficien

ara

Table 5. 1 analysis

E

P-value

High-grade Low-grade

tho

Median a nosis (years 12 (0-77) (35 14 (0-54) (36

u

0.86
[range]) patients) patients)
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Recurrence after gross total

resectio#

Ill-deﬁlae(} margm 8/35 (22.9%) 7/36 (19.4%) 0.78

Typical mg#phdlggy 33/58 (56.9%) 2/13 (15.4%) 0.012*

7/24 (29.2%) 8/29 (27.6%) >0.99

Gl

*Statistically Significant

S

Author Manu
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