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Abstract

Background and Purpose: Astroblastoma is a rare type of glial tumor, histologically clas-

sified into two types with different prognoses: high and low grade. We aimed to inves-

tigate the CT and MRI findings of astroblastomas by collecting studies with analyzable

neuroimaging data and extracting the imaging features useful for tumor grading.

Methods:We searched for reports of pathologically proven astroblastomas with analyz-

able neuroimaging data using PubMed, Scopus, and Embase. Sixty-five studies with 71

patients with astroblastomas met the criteria for a systematic review. We added eight

patients from our hospital, resulting in a final study cohort of 79 patients. The propor-

tion of high-grade tumors was compared in groups based on the morphology (typical and

atypical) using Fisher’s exact test.

Results:High- and low-grade tumorswere35/71 (49.3%) and36/71 (50.7%), respectively.

There was a significant difference in the proportion of high-grade tumors based on the

tumormorphology (typicalmorphology: high-grade=33/58 [56.9%] vs. atypicalmorphol-

ogy, 2/13 [15.4%], p= .012). The reviews of neuroimaging findings were performed using

the images included in each article. The articles hadmissing data due to the heterogeneity

of the collected studies.

Conclusions: Detailed neuroimaging features were clarified, including tumor location,

margin status, morphology, CT attenuation, MRI signal intensity, and contrast enhance-

ment pattern. The classification of tumormorphologymay help predict the tumor’s histo-

logical grade, contributing to clinical care and future oncologic research.
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INTRODUCTION

Astroblastoma is a rare tumor of glial origin, accounting for 0.45-

2.8% of all gliomas.1 It affects female children and adolescents

more frequently.2 Astroblastomas mainly develop in the supraten-

torial regions, but may also occur in the ventricles,3,4 brainstem,5

cerebellum,6 and spinal cord.7

Clinically, patients with astroblastomas often present with

headaches. Other common symptoms include seizures, focal neu-

rologic deficits, and vomiting.8,9 Cunningham et al reported that a

well-demarcated, solid, cystic, and enhanced masses with peritumoral

edemawere typical imaging features for astroblastomas.10

These tumors have been histologically classified into two types:

low-grade/well-differentiated and high-grade/anaplastic based on the
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F IGURE 1 The four morphologies of astroblastoma

degree of cellularity, nuclear atypia,mitotic index,microvascular prolif-

eration, necrosis (possiblywith pseudopalisades), and theMIB-1 prolif-

erative index.11 Previous studies have reported that histological group-

ing correlates with prognosis.12,13 However, the CT and MRI features

useful to differentiate between the two grades have not been estab-

lished. Although no study has focused on the relationship between

the tumor morphology and grades, we noticed that astroblastomas

could be classified into the several morphological types from clinical

experience.

The purpose of this systematic review was to investigate the

imaging features of astroblastoma by collecting previous studies with

analyzable neuroimaging data and extracting the features useful for

grading. It presents the largest cohort with analyzable CT and MRI

images, including 79 cases.

METHODS

This study was performed according to the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020

statement.14

Study selection

We searched studies published after 2001 in PubMed, SCOPUS, and

Embase databases on July 14, 2021, without any language limit, using

the following search words:

1. (“astroblastoma”) AND ((radiology) OR (neuroradiology) OR (imag-

ing) OR (magnetic resonance) OR (computed tomography)) for

PubMed;

2. ALL (astroblastoma AND [(radiology OR neuroradiology OR imag-

ing OR [magnetic AND resonance] OR [computed AND tomogra-

phy]) for SCOPUS;

3. astroblastoma AND (radiology OR neuroradiology OR imaging OR

[magnetic AND resonance] OR [computed AND tomography]) for

Embase.

Eligible publications fulfilled the following criteria:

1. The tumors were histologically proven intracranial astroblastomas;

2. Analyzable preoperative CT orMRI images;

3. Each patient’s demographic data were available.

The exclusion criteria were:

1. Only postsurgical status for astroblastoma;

2. Coexistence of other tumors;

3. Image quality insufficient for evaluation;

4. Unavailable full text.

Non-English articles were translated into English using Google

Translate (www.translate.google.com) and examined. We obtained an

exemption from our institutional review board to include unpublished

cases from our hospital with histologically proven astroblastomas

and preoperative CT and MRI images. We searched the electronic

database of our institution without a date limit and found 14 patients

with histologically proven astroblastomas. Among them, preoper-

ative neuroimaging examinations were analyzable in eight patients

meeting the inclusion criteria. Data were acquired in compliance with

all applicable Health Insurance Portability and Accountability Act

regulations.
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F IGURE 2 Flow diagram of study identification. Abbreviation: n, number

Data analyses

Two board-certified radiologists with 9 and 6 years of experience in

neuroradiology, blinded to the tumor-grade, independently performed

the study selection and CT and MRI image review. For numerical fac-

tors, the mean of the values between the two reviewers was used for

the analyses. Any discrepancy in the categorical factors between the

two reviewerswasarbitratedbya thirdboard-certified radiologistwith

13 years of experience in neuroradiology.

Collected data

The following data were collected:

Demographic:

∙ Patient age at diagnosis; sex.

Clinical:

∙ Presenting complaint; tumor grade; treatment strategy; recurrence

after gross total resection; period between the initial surgery and

tumor recurrence; survival status within the follow-up period in

each study; follow-up duration.

Radiological:

∙ Tumor size, laterality, location, margin status, and morphology (four

types, Figure 1); signal intensity of solid and cystic components (rel-

ative to the cortex) in T2-weighted images (T2WI), fluid-attenuated

inversion recovery (FLAIR), and T1-weighted images (T1WI); con-

trast enhancement; diffusion restriction and apparent diffusion

coefficient (ADC) values; peritumoral edema; CT attenuation (rela-

tive to the cortex); intratumoral calcification; intratumoral hemor-

rhage. For ADC measurement, we placed three separate region-of-

interests (ROIs) in the solid components of the tumors while care-

fully avoiding cystic, necrotic, calcified, or hemorrhagic regions and

vessels. Themeanwas used for the analyses.

The description of the following factors from each study was

extracted and included:

∙ The contrast enhancement pattern on postenhanced T1WI when

pre-enhanced T1WIwere not analyzable;

∙ Calcification or hemorrhage in inconclusive images.
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TABLE 2 Demographic and clinical information of the 79 patients
with astroblastomas

Demographic

Median age at diagnosis

(years [range])

13 [0-77]

Sex Male= 17, Female= 62

Clinical

Headache Headache: 51/75 (68.0%);

nausea/vomiting: 22/75 (29.3%);

seizure/epilepsy: 20/75 (26.7%)

Tumor grade Low= 36/71 (50.7%), high= 35/71

(49.3%)

Treatment strategy

Surgery alone 44/76 (57.9%)

Surgery and radiation 14/76 (18.4%)

Surgery and

chemotherapy

2/76 (2.6%)

Surgery and

chemoradiation

13/76 (17.1%)

Chemotherapy alone 1/76 (1.3%)

Chemotherapy and

radiation

1/76 (1.3%)

Autopsy 1/76 (1.3%)

Recurrence after gross

total resection

16/56 (28.6%)

Patient status Survive= 58/68 (85.3%), deceased=

10/68 (14.7%)

Follow up duration (median

[range]) (n= 61)

18months [<1-135]

Abbreviation: n, number.

Quality assessment

We employed a tool to evaluate the methodological quality of case

reports/series proposed by Murad et al.,15 comprising eight signal-

ing questions in four domains: selection, ascertainment, causality, and

reporting.

Statistical analysis

The proportion of high-grade tumors was compared between groups

based on the recurrence after gross total resection, tumor margin sta-

tus, and morphology (typical and atypical) using Fisher’s exact tests.

The age at diagnosis was compared between the two tumor grades

using Mann-Whitney U test. The two most frequent tumor morpho-

logical types out of the four were considered typical, while the other

two types were considered atypical. Family-wise error-corrected two-

sided p values < .05 (Bonferroni) were considered statistically signif-

icant. We used the intraclass correlation coefficient (2, 1) and kappa

analyses to assess the inter-reader reliability for the numerical and cat-

egorical factors, respectively. All statistical analyses were performed

using R software (version 4.0.0; R Foundation for Statistical Comput-

ing, Vienna, Austria).

RESULTS

Study selection

Database searches using PubMed, SCOPUS, and Embase yielded 265

abstracts, which were screened using the PRISMA 2020 guidelines.14

After removing duplications, irrelevant studies by title and abstract

screening, and studies with unavailable full text, 101 potentially eli-

gible studies remained. We excluded 36 studies based on the inclu-

sion/exclusion criteria. We identified 65 studies, including 71 patients

with astroblastomas, meeting the requirements of the systematic

review (Figure 2),1–6,10,12,16–72 ranging from 2002 to 2021. In addition,

we included the unpublished reports of eight patients with astroblas-

tomas from our hospital (Table 1), resulting in a final study cohort of

79 patients. MN1 expression was reported in nine cases from seven

studies.2,16–21

Risk of bias assessment

Selection

The selection methods were rarely described in the studies since they

were case reports and series. Therefore, selection bias may have been

introduced.

Ascertainment

Treatment options and outcomes were ascertained inmost cases.

Causality

The follow-up duration in surviving patients ranged from 1 month to

over 11 years, which may impact the generalizability of the survival

rates.

Reporting

CT, T2WI, FLAIR, precontrast T1WI,ADCvalues, andpostcontrastMRI

were analyzable in 27/79 (34.2%), 53/79 (67.1%), 30/79 (38.0%), 8/79

(10.1%), and 64/79 (81.0%), respectively.

Demographic and clinical data

The demographic and clinical data of the 79 patients are summarized in

Table 2. The median age at diagnosis was 13 years (range: 0-77 years),

with female predominance (62/79, 78.5%). The majority of patients

were aged < 10 years (27/79, 34.2%), followed by 10-19 years (25/79,
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TABLE 3 Neuroimaging characteristics of the 79 patients with astroblastomas

Parameters

Size (median [range]) (n= 38)a 57.5mm [25-110]

Laterality Right, 38/79 (48.1%); left, 33/79 (41.8%); middle, 7/79 (8.9%); bilateral, 1/79 (1.3%)

Tumor extension

Supratentorial 74/79 (93.7%)

Frontal lobe 44/79 (55.7%)

Parietal lobe 33/79 (41.8%)

Temporal lobe 11/79 (13.9%)

Insula 3/79 (3.8%)

Basal ganglia 4/79 (5.1%)

Corpus callosum 2/79 (2.5%)

Ventricle 4/79 (5.1%)

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

Brainstem 4/79 (5.1%)

Cerebellum 1/79 (1.3%)

Tumormargin Well-defined= 61/79 (77.2%), ill-defined= 18/79 (22.8%)

Tumormorphology I: 24/79 (30.4%); II: 40/79 (50.6%); III: 8/79 (10.1%); IV: 7/79 (8.9%)

T2WI signal intensity Solid component Cystoid component

High intensity 34/53 (64.2%) 45/46 (97.8%)

Iso intensity 16/53 (30.2%) 0

Low intensity 20/53 (37.7%) 3/46 (6.5%)

FLAIR signal intensity Solid component Cystoid component

High intensity 18/28 (64.3%) 16/25 (64.0%)

Iso intensity 10/28 (35.7%) 1/25 (4.0%)

Low intensity 7/28 (25.0%) 10/25 (40.0%)

T1WI signal intensity Solid component Cystoid component

High intensity 10/30 (33.3%) 6/28 (21.4%)

Iso intensity 7/30 (23.3%) 1/28 (3.6%)

Low intensity 17/30 (56.7%) 23/28 (82.1%)

Contrast enhancement

Any 63/64 (98.4%)

Heterogeneous 44/64 (68.8%)

Homogeneous 16/64 (25.0%)

Ring 1/64 (1.6%)

Scarce 2/64 (3.1%)

Diffusion restriction 9/14 (64.3%)

Median ADC value (10−3mm2/s) [range] (n= 8) 0.69 [0.47-1.3]

Peritumoral edema 54/77 (70.1%)

CT density Solid component Cystoid component

High attenuation 23/27 (85.2%) 0

Iso attenuation 2/27 (7.4%) 0

Low attenuation 3/27 (11.1%) 26/26 (100%)

Calcification; hemorrhage 21/30 (70.0%); 12/23 (52.2%)

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

aIn cases wheremeasurements in multiple directions were performed, themaximum value was used for the calculation of the tumor diameter.

Abbreviations: ADC, apparent diffusion coefficient; FLAIR, fluid-attenuated inversion recovery; n, number; T1/T2WI, T1/T2-weighted images.
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F IGURE 3 Supratentorial high-grade astroblastoma in a 1-year-old child presenting with weakness of the left 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
recovery images (B) and low intensity on T1-weighted image (not shown) with heterogeneous enhancement (C). Diffusion restriction is observed
with themean apparent diffusion coefficient value of 0.81× 10−3 mm2/s (D, E). The cystic components show various signal intensities on each
sequence with a fluid-fluid level indicating intratumoral hemorrhage (A: arrows). Unenhanced CT shows an intratumoral calcification (F:
arrowhead). The tumor appears as a solid mass with surrounding cysts (morphology I)

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

and 36/71 (50.7%) patients, respectively.

The majority of the patients (51/75, 68.0%) presented with

headaches, followed by nausea/vomiting (22/75, 29.3%) and

seizure/epilepsy (20/75, 26.7%). Surgery alone was the most com-

monly employed option (44/76, 57.9%), and tumor recurrence after

gross total resection was observed in 16/56 cases (28.6%). During the

follow-up period, 58/68 patients (85.3%) survived (median, 18months;

range,< 1-135months).

Neuroimaging data

The neuroimaging findings are summarized in Table 3. The majority

of tumors were located in the supratentorial compartment (74/79,

93.7%). Tumor morphology I (24/79, 30.4%) and II (40/79, 50.6%)

were considered typical, in contrast to atypical morphology III (8/79,

10.1%) and IV (7/79, 8.9%). Contrast enhancement was observed in

all but one case (63/64, 98.4%). Diffusion restriction was observed

in 9/14 patients (64.3%), with a median ADC value of 0.69 × 10−3

mm2/s. Intratumoral calcification and hemorrhage were observed

in 21/30 (70.0%) and 12/23 (52.2%) cases, respectively (patient 1,

Figure 3). Dynamic susceptibility-enhanced perfusion MRI was per-

formed in three cases,2,25 including one of our patients (patient 8,

Figure 4). Elevated cerebral blood flow and volume were observed

in all cases. Representative cases from our hospital are shown in

Figures 3–6. The inter-reader reliability was generally good

(Table 4).



208 NEUROIMAGING FEATURES OF ASTROBLASTOMA

F IGURE 4 Supratentorial high-grade astroblastoma in a 7-month-old child presenting with eye rotation, fever, and vomiting (patient 8). The
solid components of the tumor showmainly high intensity on T2-weighted image (A) and fluid-attenuated inversion recovery (FLAIR) images (B),
and high and iso-intensity on T1-weighted image (C). The cystic components show high intensity on T2-weighted image (A) and FLAIR images (B)
and low intensity on T1-weighted image (C). A T2*-weighted image shows very low intensity, suggestive of intratumoral calcification (D:
arrowhead) and a fluid-fluid level, indicating hemorrhage (D: arrow). The tumor presents as a solid mass with surrounding cysts (morphology I).
Dynamic susceptibility contrast perfusionMRI shows elevated relative cerebral blood volume (E) and blood flow (F) in the solid components of the
tumor

Statistical analyses

There was a significant difference in the proportion of high-grade

tumors based on the tumor morphology (typical morphology [I or II]:

high-grade = 33/58 [56.9%] vs. atypical morphology [III or IV]: 2/13

[15.4%], p = .012), without significant differences in the other factors

(Table 5).

DISCUSSION

This systematic review investigated the demographic, clinical, and neu-

roimaging findings of 71 patients with astroblastomas with analyzable

CT/MRI images in 65 publications and eight patients from our hospital.

Astroblastomas were frequently located in the supratentorial regions

(73/79, 92.4%). Patients under the age of 20 were mainly affected

(52/79, 65.8%), with a female predominance (62/79, 78.5%). A signif-

icant difference emerged in the proportion of high-grade tumors based

on the tumormorphology.

According to the 2016 World Health Organization classifica-

tion, astroblastomas are classified similarly to other neuroepithe-

lial tumors, including choroid gliomas of the third ventricle and

angiocentric gliomas.73 Recent advances in the molecular understand-

ing of central neural system tumors revealed that MN1 alteration is

characteristic of tumors exhibiting the morphology and clinical char-

acteristics of astroblastomas.74 However, astroblastomadiagnosiswas

based on histological features in most previous studies. Astroblas-

tomas have generally been recognized in two different histological
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F IGURE 5 Supratentorial high-grade astroblastoma in a 1-year-old boy presenting with weakness of the left lower extremity (patient 7). The
solid components of the tumor show high intensity on T2-weighted image (A) and low intensity on T1-weighted image (not shown) with
heterogeneous enhancement (B). Themean apparent diffusion coefficient value is 1.02× 10−3mm2/s (C). The tumor shows a solid mass with
internal cysts (morphology II)

F IGURE 6 Supratentorial low-grade astroblastoma in a 3-year-old girl presenting with headache (patient 2). The solid components of the
tumor show iso and low intensity on T2-weighted image (A), high intensity on fluid-attenuated inversion recovery image (B), and low intensity on
T1-weighted image (C) with heterogeneous enhancement (D). Diffusion restriction is observedwith themean apparent diffusion coefficient value
of 0.65× 10−3mm2/s (E, F). The tumor shows a cystic mass with irregular rim (morphology III) and ependymal contact on postcontrast coronal
T1-weighted image (G). Unenhanced CT shows partial calcification (H, arrowhead)
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TABLE 4 Inter-reader reliability

kappa ICC

Maximum tumor size (mm)a 0.99

ADC value (10−3mm2/s)a 0.99

Laterality 1

Tumor extension 1

Tumormargin 0.9

Morphology 0.94

MRI signal intensity (solid)

T2WI 0.90

FLAIR 0.66

T1WI 0.85

MRI signal intensity (cystic)

T2WI 0.79

FLAIR 0.86

T1WI 0.73

Diffusion restriction 1

Contrast enhancement 0.86

Peritumoral edema 0.94

CT solid 0.70

CT cystic 1

Calcification 0.96

Hemorrhage 0.94

Leptomeningeal contact 1

Ependymal contact 1

aICC of tumor size and ADC value were calculated in the eight cases from

our hospital.

Abbreviations: ADC, apparent diffusion coefficient; FLAIR, fluid-attenuated

inversion recovery; ICC, intraclass correlation coefficient; T1/T2WI, T1/T2-

weighted images.

TABLE 5 Statistical analysis

High grade Low grade p-values

Median age at diagnosis

(years [range])

12 (0-77) (35

patients)

14 (0-54) (36

patients)

.86

Recurrence after gross

total resection

7/24 (29.2%) 8/29 (27.6%) >.99

Ill-definedmargin 8/35 (22.9%) 7/36 (19.4%) .78

Typical morphology 33/58 (56.9%) 2/13 (15.4%) .012a

aStatistically significant.

types: low-grade/well-differentiated and high-grade/anaplastic. High-

grade tumors show a higher rate of progression and recurrence.8,13

Regarding radiological findings, Cunningham et al.10 summa-

rized the neuroimaging characteristics of 127 astroblastomas. They

reported that typical neuroimaging findings of astroblastoma are

the supratentorial and superficial locations, well-demarcated, mixed

cystic-solid masses, and contrast enhancement. The tumor location

and the frequency of contrast enhancement are consistent with our

results. In this study, we restricted the study cohort to cases with ana-

lyzable CT/MRI images, providing two major advantages. It allowed

us to evaluate imaging findings, such as CT attenuation, MRI signal

intensity, and tumormargin status, using uniform criteria. Additionally,

three board-certified radiologists reviewed and diagnosed the images

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

by Cunningham et al. and this study.10 We identified 18/79 (22.8%)

tumors with ill-defined margins, whereas only 3/82 cases (3.7%) were

reported in their study.10 We could evaluate the signal intensity of the

cystic components of the tumors not examined previously. Further-

more, we found a significant difference in the proportion of high-grade

astroblastomas between the two categories considered on examining

the tumors based on four morphologies. Considering the difference

in the prognosis and recommended treatment strategy between high-

and low-grade astroblastomas, this neuroimaging morphological clas-

sification may improve the clinical practice and promote further onco-

logic investigations.

This study had some limitations. Although this study presents the

largest cohort of astroblastomas with analyzable CT/MRI images,

the number of patients was limited. The reviews of neuroimaging

findings were performed using the images included in each article,

not the serial image slices. However, radiological evaluation was

performed by three board-certified radiologists to mitigate the risk

of inappropriate assessments. In addition, some data were missing

due to the heterogeneity of the studies collected, including tumor size

and findings of advanced MRI sequences, such as perfusion MRI and

MR spectroscopy. Further studies with these advanced sequences are

required.

In conclusion, astroblastoma frequently occurs in supratentorial

regions in female patients under 20 years of age. By reviewing cases

with analyzable CT/MRI images, detailed neuroimaging features were

better characterized, including tumor location,margin status,morphol-

ogy, CT attenuation, MRI signal intensity, and contrast enhancement

pattern. The classification based on tumor morphology may help pre-

dict the tumor’s histological grade, contributing to clinical care and

future oncologic research.
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