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Background	and	purpose: The World Health Organization (WHO) subdivided medulloblastoma into genetic

and histopathological groups, each with a speci�ic therapeutic intervention and different clinical outcomes.

These subtypes may present with distinct imaging features. Therefore, the current study aimed to identify

magnetic resonance imaging (MRI) biomarkers to predict the precise pathological characteristics of

medulloblastoma. Methods: This study included 28 patients with a �irst diagnosis of medulloblastoma who

underwent preoperative brain MRI with subsequent surgical resection and histopathological con�irmation at

our hospital between 2010 and 2022. Conventional MRI parameters, including apparent diffusion coef�icient

(ADC) mean values, were correlated with molecular subtypes to identify distinct MRI biomarkers. Results:

Out of 28 tumors, two (7.1%) tumors exhibited wingless (WNT) activation, thirteen (46.4%) exhibited sonic

hedgehog (SHH) activation, and thirteen (46.4%) exhibited non-WNT/non-SHH activation (Group 3 or 4).

Statistical analysis revealed a signi�icant association of SHH-activated tumors with paramidline/cerebellar

location and the presence of peritumoral edema (p value = <0.0001). No signi�icant correlations were found

between the genetic subtypes and the other MRI parameters. A distinctive distribution of the ADC-mean

values among the various genetic subtypes with recognizable tendencies was identi�ied. However, it was

statistically insigni�icant. Conclusion: Conventional MRI features of the paramidline/hemispheric location

and the presence of peritumoral edema were signi�icantly correlated with the SHH activated pathway and

hence can be used to facilitate the preoperative implementation of SHH-targeted therapeutic intervention.

Although the ADC-mean measurements were not statistically signi�icant, a recognizable distribution of values

among the various genetic subtypes was identi�ied.
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Medulloblastoma is a malignant primary brain tumor of embryonal origin. 1 It is the most common malignant

brain neoplasm in children, accounting for nearly 20% of all pediatric brain tumors. 2 In contrast, the tumors

rarely occur in adults, making up only 1% of adult brain tumors. 3 The 2021 revision of the World Health
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Organization (WHO) Classi�ication of Tumors of the Central Nervous System categorized medulloblastoma as

WHO grade IV due to its rapid disease course, aggressive behavior, and inevitable fatal outcome if not treated

with multimodal therapeutic interventions. Given their clinical and biological heterogeneity, the WHO

classi�ication divides tumors into molecular and histopathological groups. The four molecular subgroups

were wingless (WNT)-activated, sonic hedgehog (SHH)-activated, and non-WNT/non-SHH (Group 3 or 4).

The histopathological subgroup is composed of one inclusive generic term known as Medulloblastoma,

histologically	de�ined, which combines four histological types: classic, desmoplastic/nodular,

medulloblastoma with extensive nodularity (MBEN), and large cell/anaplastic.4,5

Various prognostic factors that aid in predicting patient outcomes have been identi�ied. These data included

patient age, stage, extent of residual disease after surgery, presence or absence of metastasis, histological and

molecular subtypes, and rapid implementation of targeted multimodal therapies.2,6,7 In particular, various

medulloblastoma subgroups are linked to markedly distinct survival outcomes. For instance, desmoplastic/

nodular and medulloblastoma with extensive nodularity histologic subtypes are associated with a good

prognosis, while the classic and large cell/anaplastic subtypes are usually indicative of a poor prognosis. 6

The WNT-activated molecular subtype has an excellent prognosis due to its lack of a functional blood brain

barrier, which facilitates the penetration of systemic chemotherapy. 8 In contrast, the Group 3 subtype is

associated with a poor prognosis due to its marked propensity to metastasize. 9 Numerous novel therapeutic

agents are being tested to target certain speci�ic subtypes to maximize ef�icacy.3,8,10

The extent of surgical resection and the bene�it of performing another surgery for residual tumors can be

signi�icantly altered based on the provided molecular subgroup. 11 For instance, few studies have reported no

signi�icant survival bene�it of complete resection over incomplete resection in patients with WNT and SHH

tumors. Furthermore, surgical resection of small residual tumoral components is not recommended for these

molecular subtypes when the risk of postsurgical morbidity is high. In contrast, disease progression was

signi�icantly associated with incomplete resection of non-SHH/non-WNT tumors compared with complete

surgical resection. Therefore, the preoperative prediction of the molecular subtype of medulloblastoma could

in�luence the selection of a molecular-based surgical approach.11,12

Certain magnetic resonance imaging (MRI) biomarkers can be used to predict the histologic and molecular

subtypes of medulloblastoma and can be particularly utilized when the genetic pro�ile is not available. These

included location, peritumoral edema, hydrocephalus, enhancement, cyst, margin, drop metastasis,

hemorrhage and mineralization.5,7

The apparent diffusion coef�icient (ADC) is a quantitative MRI parameter that correlates with tumor cellular

density and has emerged as a useful tool for characterizing brain neoplasms.5,13–15 The use of ADC values for

distinguishing between medulloblastoma and other posterior fossa neoplasms has been illustrated in many

studies.13–15 The ADC cutoff value of 660 mm2/s was a good indicator of ependymoma. Moreover, a cutoff

value between 700 and 900 mm2/s can be utilized to distinguish medulloblastoma from pilocytic

astrocytoma. 16 Additionally, the use of ADC maps was found to be highly valuable for determining the

in�iltrative pattern of the tumor; hence, these maps can be utilized in preoperative planning for safe and

adequate resection of medulloblastoma. 17 Moreover, the application of ADC values in providing accurate

histopathological classi�ication of medulloblastomas has been well established in many studies.5,18 Only a
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few studies have reported the utility of calculated ADC values in accurately predicting the molecular subtype

of medulloblastoma.7,19 Therefore, it remains substantially underrepresented in the literature.

The preoperative identi�ication of the molecular subtype of medulloblastoma is crucial for determining the

extent of surgical resection, facilitating the preoperative implementation of targeted molecular pathway

therapies, and predicting prognostic outcomes.3,8,10–12 Therefore, the aim of the current study was to

identify certain MRI biomarkers, with particular emphasis on calculating ADC values, for predicting precise

molecular subtypes of medulloblastoma.

This retrospective single-center analysis included patients with a �irst diagnosis of medulloblastoma who

underwent preoperative brain MRI with subsequent surgical resection and histopathological con�irmation at

our hospital from 2010 to 2022. Prior to data collection, ethical approval for this study was granted by our

local institutional review board with a waiver of consent.

The images were obtained using three different MR scanners with different �ield strengths. Out of 28

patients, only four patients were scanned with a 1.5 T Espree (Siemens), and two were scanned with a 3T

Achieva (Philips Health care) MRI scanner. The remaining selected patients were scanned by a 3T Discovery

(GE Healthcare) scanner. The preoperative MRI parameters included T1-weighted (sagittal plane, 4 mm slice

thickness, 5 mm slice spacing), T2-weighted (axial and coronal planes, 4 mm slice thickness, 5 mm slice

spacing), �luid attenuated inversion recovery (FLAIR) [axial plane, 4 mm slice thickness, 5 mm slice spacing],

contrast-enhanced T1-weighted sequences (axial and coronal planes, 1 mm slice thickness, 1 mm slice

spacing), and susceptibility weighted images (SWI) [axial plane, 3 mm slice thickness, 1 mm slice spacing].

Diffusion-weighted imaging (DWI) sequences were acquired in three orthogonal directions and the following

parameters were obtained: 4 mm slice thickness, 5 mm slice spacing, repetition time ms/echo time ms (TR/

TE): 5800.00/107.00 ms (1.5 T) and 7750.00/79 ms (3 T). The corresponding ADC values were generated

from b0 and b1000 data. The majority of the selected patients (23 out of 28 patients) had prior preoperative

brain computed tomography (CT) scans.

The diagnosis of medulloblastoma was neuropathologically established at the Department of

Neuropathology by two experienced neuropathologists with more than 8 years of experience. The tumors

were categorized based on the WHO Classi�ication of Tumors of the Central Nervous System (2016).
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The MRI parameters were analyzed blindly and irrespective of the histologic and genetic subtypes of the

patients by a senior radiology resident under the supervision of a neuroradiology consultant with 6 years of

experience. The conventional MRI parameters are location (midline or cerebellar hemisphere), the presence

or absence of edema (using T2WI/FLAIR sequences), hydrocephalus (de�ined as widening of the

supratentorial ventricles due to infratentorial mass), drop metastasis (de�ined as neoplasm spread inferiorly

along the cerebrospinal spaces), cysts (none, small ≤1 cm, large >1 cm), margin (ill-de�ined or well-de�ined),

the presence or absence of hemorrhage and mineralization (using SWI sequence) and tumor signal intensity

(Using T2WI sequence: hypointense, isointense, hyperintense or heterogeneous to gray matter). Contrast

enhancement was characterized (based on Perreault et al. 19 ) as solid (if 90% of the tumor volume was

estimated to be enhanced), heterogeneous (if the degree of tumor enhancement ranged from 10% to 90%),

or minimal (if <10% of the tumor volume was estimated to be enhanced).

The ADC measurements were calculated for each preoperative MRI. The regions of interest (ROIs) were

placed within the solid component of the tumor, avoiding regions of inhomogeneity such as necrosis,

mineralization, hemorrhage or cysts. To avoid discrepancies within the measured values, the ROIs were

placed thrice in each patient, and the results of the ROI calculations were averaged (Figure 1).

Association of imaging biomarkers with molecular subtypes of medul... https://pmc.ncbi.nlm.nih.gov/articles/PMC11590077/

4 di 18 02/12/2024, 17:29



Apparent diffusion coef�icient (ADC) measurement of medulloblastoma. In each patient, three

regions of interest (ROI) were manually placed within the solid component of the tumor avoiding

regions of inhomogeneity such as necrosis, mineralization, hemorrhage, or cysts. Then, the results of

these measurements were averaged.

The statistical data were analyzed using the Statistical Package for the Social Sciences (SPSS). Because of the

general assumption regarding the relationship between MRI parameters, histological and genetic subtypes

could not be determined. Therefore, an exploratory statistical approach was implemented to test MRI

parameters against all histopathological and genetic subtypes to identify possible MRI biomarkers. A p value

<.05 was considered to indicate statistical signi�icance.

The demographic data and genetic and histopathological classi�ication of the study population are presented

in Table 1. Nine of 28 patients (32%) were female. Seven of 28 patients (25%) were adults. The median

patient ages at diagnosis for the pediatric and adult age groups were 5 years (range, 1–11 years) and

22 years (range, 17–33 years), respectively.
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Cohort demographics.

Patient’s	age	group

Adult	n	=	7 Pediatric	n	=	21

Median age (range in years) 22 (17–33) 5 (1–11)

Gender (no.) (%)

 Male 6 (85.7%) 13 (61.9%)

 Female 1 (14.3%) 8 (38.1%)

Genetic subtypes (no.) (%)

 WNT 0 (0.0%) 2 (9.5%)

 SHH 5 (71.4%) 8 (38.1%)

 Non-WNT/non-SHH 2 (28.6%) 11 (52.4%)

Histopathology subtypes (no.) (%)

 Classic 1 (14.3%) 9 (42.9%)

 Desmoplastic/nodular 5 (71.4%) 11 (52.4%)

 Large cell anaplastic 1 (14.3%) 1 (4.8%)

The results of MRI parameters with genetic and histological subtypes are illustrated in Table 2. Among the 28

tumors, two (7.1%) tumors showed WNT activation and manifested only in the pediatric population; thirteen

(46.4%) were SHH activated, and thirteen (46.4%) were classi�ied as non-WNT/non-SHH (Group 3 or 4).

Among the 28 tumors, ten (35.7%) were categorized as classic, sixteen (57.1%) as desmoplastic/nodular, and

two (7.1%) as large cell/anaplastic, these patients exclusively exhibited a non-WNT/non-SHH (Group 3 or 4)

genetic subtype with signi�icant statistical correlation (p value <.0001). The majority of desmoplastic/

nodular subtypes were signi�icantly associated with SHH pathway activation (p value <.0001). The presence

of the classic subtype was statistically signi�icant among the non-WNT/non-SHH (group 3 or 4) subtypes (p

value = <0.0001).
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Conventional MRI parameters with genetic and histological subtypes.

Genetic	subtypes

WNT	(n	=

2)

SHH	(n	=

13)

Non-WNT/non-

SHH	(n	=	13)

p	value

Histopathology subtypes

 Classic 2 0 8 <.0001 Fisher's

Exact Test Desmoplastic/nodular 0 13 3

 Large cell anaplastic 0 0 2

Location (midline/

hemispheric)

2/0 2/11 12/1 <.0001 Fisher's

Exact Test

Edema (n) 1 13 3 <.0001 Fisher's

Exact Test

Hydrocephalus (n) 2 12 13 .55 Chi-square

test

T2SI 2 13 13 .577 Fisher's

Exact Test

Enhancement (heterogenous/

minimal/solid)

0/1/1 8/2/3 3/4/6 .187 Fisher's

Exact Test

Cysts (none/small/large) 0/2/0 1/7/5 4/8/1 .235 Fisher's

Exact Test

Hemorrhage/mineralization

(n)

1 5 8 .706 Fisher's

Exact Test

Margin (ill-de�ined/well-

de�ined)

0/2 1/12 0/13 .55 Chi-square

test

Drop metastasis 0 0 1 .55 Chi-square

test

Illustrations of the distinct MRI parameters according to the medulloblastoma molecular subgroups are

presented in Figures 2–6. Table 2 provides further information regarding the associations between MRI
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parameters and genetic subtypes. Statistical analysis revealed a signi�icant difference in tumor location

between the various genetic subtypes (p value <.0001). Furthermore, SHH-activated tumors were

signi�icantly located in the paramidline/cerebellar hemisphere (n = 11/13, 84.6%), while WNT and non-

WNT/non-SHH (Group 3 or 4) medulloblastomas were signi�icantly more frequently located in the midline/

cerebellar vermis (n = 2/2, 100% and 12/13, 92.3%, respectively) (Figure 2).

Illustration of the presence and absence of large or small cysts (macro/microcystic appearance) in

distinct medulloblastoma molecular subgroups using T2-weighted imaging. (A) SHH subtype

demonstrates numerous large cysts (asterisk), measuring >1 cm, (B) WNT subtype shows small

cysts (arrows), measuring <1 cm, and (C) non-WNT/non-SHH subtype shows complete solid

appearance of the tumor without cystic components.
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Characteristic locations of different medulloblastoma molecular subgroups in T2-weighted images.

(A) SHH subtype with para-midline/cerebellar hemisphere location. (B) WNT and (C) Non-WNT/

non-SHH subtypes with midline/cerebellar vermis location.
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Illustration of the presence and absence of hemorrhage and/or mineralization in distinct

medulloblastoma molecular subgroups using SWI and unenhanced CT scan. SWI (A) and brain CT

(B) images of SHH subtype demonstrate no intra-tumoral hemorrhage nor mineralization. SWI

image (C) of WNT subtype shows susceptibility artifact (arrow), corresponding to the marked

intrinsic hemorrhagic component (dashed arrow) on unenhanced brain CT (D). SWI (E) of Non-

WNT/non-SHH subtype shows a central focus of susceptibility artifact (arrow) corresponding to the

intra-tumoral calci�ication (dashed arrow) noted on unenhanced brain CT (F).

Compared with those of the other subtypes, peritumoural edema was predominantly observed in the SHH-

activated medulloblastomas (n = 13/17, 76.4%), and this difference was statistically signi�icant (p value

<.0001) (Figure 3).

Illustration of the presence or absence of edema in various medulloblastoma molecular subgroups

using T2-weighted images. (A) SHH subtype demonstrates marked peritumoral edema (arrows).

Meanwhile (B) WNT and (C) non-WNT/non-SHH subtypes show no appreciative surrounding

edema.

No signi�icant associations were found between the genetic subtypes and the other MRI parameters,

including hydrocephalus, tumoral T2WI signal intensity and margin, contrast enhancement, cyst formation,

hemorrhage or calci�ications and drop metastasis (p value >.05, for any of the abovementioned parameters)

(Figures 4–6).
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Illustration of different enhancement patterns in various medulloblastoma molecular subgroups

using T1 post contrast imaging. (A) SHH subtype shows heterogenous enhancement (arrows), (B)

WNT subtype shows minimal enhancement (curved arrow) and (C) non-WNT/non-SHH subtype

shows solid enhancement (dashed arrows).

The results of the quantitative ADC analysis are shown in Table 3. The calculated ADC-mean (10−6 mm2/s)

was 551.5 ± 105.35 (395.11–1498.11 at 95% CI) for WNT-activated, 617 ± 76.9 (570.52–663.48 at 95% CI)

for SHH-activated, and 626.38 ± 133.29 (545.84–706.93 at 95% CI) for non-WNT/non-SHH medulloblastoma.

These values were not considered to be statistically signi�icant for different genetic subtypes (p value = .667).

Quantitative ADC analysis.

Genetic	subtypes

WNT	(n	=	2) SHH	(n	=	13) Non-WNT/non-SHH

(n	=	13)

p	value

ADC mean (10−6 mm2/

s) ± SD (95% CI)

551.5 ± 105.35

(395.11–1498.11)

617 ± 76.9

(570.52–663.48)

626.38 ± 133.29

(545.84–706.93)

.667
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In the current study, we investigated the possible correlation between neuropathological subtypes of

medulloblastoma and several conventional MRI parameters (including quantitative ADC) in both adult and

pediatric populations to obtain precise pathological information without relying on invasive intervention to

implement targeted regimens.

Two conventional MRI parameters were identi�ied in this study to facilitate the detection of the SHH-

activated pathway among other subtypes in terms of the paramidline/hemispheric location and the presence

of peritumoral edema. Several studies that aimed to identify potential MRI biomarkers of medulloblastoma

reported similar positive �indings,7,19 further augmenting the distinctive biomarkers of SHH-activated

pathway tumors in relation to the others. Nevertheless, there was no signi�icant difference between the WNT

and non-WNT/non-SHH subtypes in terms of location, as they both preferred midline/cerebellar vermis

locations. The abovementioned observation was con�irmed by many studies,7,19,20 rendering it practically

impossible to distinguish both entities based solely on their anatomical location.

Moreover, the distinctive presence of peritumoral edema on SHH-activated pathway tumors was similarly

illustrated in previous studies. For instance, Reis et al. 7 and Keil et al. 21 reported peritumoral edema to be a

highly speci�ic marker for SHH subtypes. In contrast, Yeom et al. 5 and Perreault et al. 19 revealed no obvious

associations between the presented MRI parameter and any neuropathological subtypes, including

pathologically proven SHH tumors.

The remaining conventional MRI parameters did not show any statistically signi�icant associations with any

genetic subtypes. The current �indings contrast with those of a few other authors19,21 who reported a highly

signi�icant difference between non-WNT/non-SHH (Group 3 or 4), particularly Group 4, and other genetic

subtypes in terms of the minimal enhancement pattern and the presence of intrinsic hemorrhagic

component.

The current study did not identify any signi�icant difference between genetic subtypes in terms of varied

ADC-mean values within the solid tumoral components, which is likely attributed to the small sample size,

primarily in the WNT-activated pathway (n = 2). Nonetheless, there was a distinctive distribution of the mean

ADC values among the various genetic subtypes, with the highest and lowest ADC values observed in the non-

WNT/non-SHH (626.38 ± 133.29) and WNT (551.5 ± 105.35) subtypes, respectively. The aforementioned

observation is concordant with many authors7,22 who reported equivalent �indings.

The advantages of incorporating this information into the clinical domain are numerous. The four molecular

subgroups have shown distinct clinical behaviors and prognostic outcomes; therefore, multimodal

therapeutic interventions are being tailored to target a speci�ic molecular activated pathway to maximize

ef�icacy.8,19 Identifying such MRI biomarkers could further assist and reinforce the radiopathological

interpretations of the molecular analysis of medulloblastoma. It could play a key role in molecular

classi�ication when access to genetic strati�ication is not feasible and may enable immediate initiation of

personalized treatments while awaiting surgical resection and histopathology results. 19 Furthermore,

arti�icial intelligence in neuroradiology is considered a promising technology, for the precise differentiation
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of medulloblastoma mimics and their genetic subtypes through the incorporation of clinical, molecular and

radiomic markers extracted from conventional MRI parameters. Recognizing the MRI features of molecular

subgroups might provide insight into these endeavors to improve patient outcome. 23

Conventional MRI features of the paramidline/hemispheric location and the presence of peritumoral edema

were signi�icantly correlated with the SHH-activated pathway; and therefore, they can be used to facilitate the

preoperative implementation of SHH-targeted therapeutic intervention and to predict clinical outcomes. A

distinctive distribution of the ADC-mean values among the various genetic subtypes with recognizable

tendencies was identi�ied. Nevertheless, it remains statistically insigni�icant.

Further con�irmation of the validated imaging features is advised through the implementation of an

international multicenter study with an adequate sample size to properly construct a reliable MRI-based

diagnostic algorithm. As a result, the use of MRI biomarkers for the preoperative identi�ication of the

molecular subtype could facilitate the preoperative implementation of targeted molecular pathway therapies,

determine the extent of surgical resection, minimize postoperative de�icits, and predict the prognostic

outcome. Furthermore, the incorporation of additional quantitative MRI studies, such as MRI perfusion and

spectroscopy, might add a novel perspective to the current understanding of radiopathological analysis of

medulloblastoma.

The major limitation of the present study was attributed to the small patient cohort and the nonuniform

distribution of data across different neuropathological subtypes, particularly in WNT-activated tumors, which

might have negatively impacted the accurate identi�ication of potential biomarkers. Further validation of

these MRI-based molecular strati�ications through the implementation of a multicentric study with an

adequate sample size is crucial for predicting its accuracy and feasibility.

Since preoperative brain CT was not performed on all selected patients, the present study was additionally

limited by the lack of independent statistical analysis of hemorrhage and mineralization. As a consequence,

the inclusion of these conventional parameters as potentially useful tools in the preoperative molecular-

based strati�ication of medulloblastoma was adversely affected by the present limitations.

The mean ADC values of the ROIs were calculated, and the ROIs were placed within the solid component of

the tumor on each preoperative MRI to avoid regions of inhomogeneity to the greatest extent. Nonetheless,

microscopic intra-tumoral variation, including imperceptible necrosis on imaging, may have marginally

altered the analysis of the ADC values. Providing ADC values with full precision could be achieved through

concomitant utilization of MR spectroscopy and/or perfusion, which might aid in more accurate placement of

ROIs within the solid components of the tumor.
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