Title: Neurofibromatosis type 2 versus sporadic vestibular schwannoma: The utility of MR diffusion

and dynamic-contrast enhanced imaging

S

Running timted versus sporadic VS: Utility of advanced imaging

YoshiakisO et ric Liao, MD ', Aristides A. Capizzano, MD*, Akira Baba, MD, PhD *, Ryo

Kurokawa, ! Mariko Kurokawa, MD*, Ashok Srinivasan, MD*

CE

Division o diology, Department of Radiology, University of Michigan, 1500 E Medical

Center Dr, nn Arbor, MI 48109, USA

Us

Keywords: “DCE-MRI; Vestibular schwannoma

Corresponding author: Yoshiaki Ota

al)

1500 E ter Dr, UH B2, Ann Arbor, MI 48109, USA

M

Phone: FAX number: 7346159800

I

Email address® iako@med.umich.edu

O

Funding: There was no funding or grant support for this study.

h

Abstract:

{

Backgroun rpose: The goal of this study was to assess the utility of diffusion weighted image

A

(DWI) and dynamic contrast-enhanced (DCE-MRI) to distinguish sporadic vestibular schwannomas

(VSs) fr related to neurofibromatosis type 2 (NF2).
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Methods: We retrospectively reviewed 265 patients pathologically diagnosed with VSs between
January 2015 and October 2020 in a single institution. There were 28 patients (male:19, female:9;
age 11-67 years) including 23 sporadic and 5 NF2-related VSs, who had pre-treatment DWI and
DCE-MRI. mean apparent diffusion coefficient (nADCmean) and DCE-MRI parameters
along with TUmor Characteristics were compared between sporadic and NF2-related VSs as
appropriat?h iagnostic performances were calculated based on the receiver operating

characteristic curve analysis for the values which showed significant differences. To identify

significant w; multivariate logistic regression analysis was performed using nADCmean and

the combi:statistically significant DCE-MRI parameters.

Results: nA , fractional volume of extracellular space (Ve), and forward volume transfer
constant ( re significantly different between sporadic and NF2-related VSs (nADCmean:
median 1.%; P=.002, Ve: median 0.40 vs 0.66; P=.007, Ktrans: median 0.17 vs 0.33; P=.007),

while fractional plasma volume (Vp), reverse reflux rate constant (Kep), and tumor characteristics

were not. The ostic performances of nADCmean, Ve, Ktrans were 0.93, 0.90, and 0.90 area
under the curves with cutoffs of 1.46, 0.51, and 0.29, respectively. nADCmean and the combination

of Ve and ISans were both chosen as significant differentiators by multivariate logistic regression

analysis (PO

Conclusions; d DCE-MRI are both promising modalities to distinguish sporadic and

NF2-rel
Introduction'(

Vestibular schwannomas (VSs) are benign nerve sheath tumors that arise from schwann cells of the
|
vestibular branches of the auditory cranial nerve.' VSs account for approximately 8%-10% of all

intracranial tumors and for 75% tumors in the cerebellopontine angle." Approximately 95% of VSs
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are unilateral and sporadic,” but 5% of VSs are related to neurofibromatosis type 2 (NF2) and usually
occur bilaterally.? Bilateral VSs, family history of NF2, and the onset of clinical features at young age,
multipleml meningiomas, peripheral nerve schwannomas, and ocular abnormalities are
hallmarks re included in the NF2 diagnostic criteria.* However, it is known that half of

patients-wEo not have a positive family history of NF2 and might have unilateral VSs,* which

makes com@agnosis of NF2 difficult.
Head an k MRI can reveal bilateral VSs and can be also used for confirming diagnosis of

NF2 and mm of the lesions.” VSs consist of heterogeneously enhancing tumors with cystic

changes on conveiional MRI and CT.® However, the differences in MRI findings between sporadic
and NF2—reﬁ have not been fully investigated. Besides, NF2-related VSs can progress rapidly
and cause t morbidity, including complete hearing loss, brainstem compression, and lower

cranial ner ction, which makes early diagnosis and treatment highly important.” Prior

have suggested that NF2-related VSs have a higher cellularity and a more
lobular archit than sporadic VSs.®? Apparent diffusion coefficient (ADC) values, calculated
from different b-values, can represent cellularity or microstructure. The quantitative parameters of

DCE-MRI ir!iude Vp (fractional plasma volume), Ve (fractional volume of extracellular space), Kep

(reverse reflux rate constant) and Ktrans (forward volume transfer constant), and can assess a

C

tumor’s mic ation.'® Diffusion-weighted image (DWI) and DCE-MRI have been recently used

for differeftiation of head and neck tumors and treatment effect assessment.****

th

Therefore, in this study we aimed to assess the utility of DWI and DCE-MRI as well as

conventional MRLifhaging findings for differentiation between sporadic and NF2 VSs and to compare

el

the diagno ormances between DWI and DCE-MRI.

A

Methods:

Study population
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Our institutional review board approved this retrospective single-center study and waived the
requirement for informed consent. Data were acquired in compliance with all applicable Health
InsuranMy and Accountability Act regulations. We retrospectively reviewed 265 patients
with patho firmed VSs at our institution between January 2015 and October 2020. We
exclude@ p?ilenswho did not have pre-treatment MRl including DWI or DCE-MRI data (n = 205), or

whose pre-treatment MRI imaging qualities were too poor to evaluate (n = 26). We also excluded

C

the patientShi lateral VSs (n = 6). In total, 28 patients (male:19, female:9; age 11-67 years)

including 28 sp@radic and 5 NF2-related VSs were included in this study.

$

This ¢ s further divided into two groups: the sporadic group and NF2 group. In the

U

sporadic g . re were 23 patients with 23 lesions (age range:18—67; 15 males). All patients had

unilateral \§s and did not meet any of the Manchester criteria for NF2[15] at the diagnosis of VSs or

[

at imaging al follow-up (period: median 20 months after the diagnosis). One patient

3

underwent mutational analysis using blood with negative results of germline NF2 mutation or

LZTR1 and SMARCBL1. In the NF2 group, there were 5 patients with 5 lesions (age range:11-33; 4

\

males). had unilateral VSs and met the Manchester criteria. Four patients had family

history of NF2, and three patients had intracranial multiple meningiomas. Two patients had multiple

[

schwannomas in peripheral nerves. Two patients underwent NF2 mutational analysis with positive

)

results of germline NF2 mutation using blood samples.

MRI proto

All MRI examinations were performed using 1.5T (n=24) or 3T (n=4) (Ingenia; Philips, Eindhoven)

L

using a 16- neurovascular coil. Acquired sequences included axial T2-weighted image (T2W]),

U

T1-weight (T1WI), axial and coronal pre- and post- contrast-enhanced fat-sat TAWI. DWI

scans u -planar imaging were performed with b-values of 0 and 1000 s/mm?” and the

A

following paramet@rs: repetition time (TR) range: 5000—-8700 ms; echo time (TE) range: 58—106 ms;
number of excitation (NEX): 1; slice thickness/gap: 4/0-1 mm; field of view (FOV): 240 mm x 240 mm;

pixel size: 1.5 x 1.5 mm, and 3 diffusion directions.
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DCE-MRI scans were performed using a 3-dimensional T1-weighted fast field echo (FFE). The

parameters of 3D-T1 FFE were as follows: TR =4.6ms, TE = 1.86 ms, flip angles = 30°, slice thickness =

[

2.5 mm; FOV = 240x240 mm?, voxel size = 1.0x1.0x2.5 mm?, NEX = 1, number of slices per dynamic

)

scan = 48, temporal resolution = 8.4 seconds, and total acquisition time of 4 mins and 13 seconds. An

intraver%u?i olus of 20 ml gadobenate dimeglumine contrast (Multihance, Bracco diagnostics) was

administeretusij a power injector with a flow rate of 5.0 mL/s through a peripheral arm vein,

followed b saline flush.

Imaging pm and analysis

Two board—certifi§ radiologists with 7 and 13 years of experience evaluated conventional imaging

findings an ed ADC and dynamic contrast-enhanced (DCE-MRI) analysis with consensus.

The histop al results were blinded to the two radiologists for the analyses of conventional

imaging, DMCE-MRI.

1. Cystic ianges, defined as non-enhancing, predominantly T2 hyperintense areas
2. Enhanci ttern (homogeneous/heterogeneous pattern)

3. Maxim@diameten measured using postcontrast fat-sat TLWI imaging.
Dwi anal&

ADC maps were constructed using commercially available software (Olea Sphere, Version 3.0; Olea

Medical). Ta—certified radiologist with 7 years of experience manually contoured a single

freehand of interest (ROI) on the axial postcontrast TIWI under the supervision of another

board-certifie jologist with 13 years of experience. The corresponding ROIs were transposed to

the ADC map in reference to axial postcontrast T1WI, adhering to the following procedure:
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1. ROIs were placed where the tumors predominantly showed solid enhancing components, avoiding

cystic areas.

T

2.The perim of the lesions were excluded to avoid volume averaging.

3. The R@|smwenesadjusted if geometric distortion was observed on the ADC map.

L

4. As an intggnal g@ntrol, an ROl was placed within the cervical spinal cord at the level of the C1-C2
disc space. alized ADC ratio (nADCmean) was calculated by dividing each lesion’s ADC value

by the spirWDC value to adjust for the variation of ADC values across MRI scanners, magnetic

field strengEmatrix sizes.
DCE-MRI aC
e

All quantita lysis was performed using the Olea Sphere 3.0 software permeability module

basedon't ed Tofts model, where pixel-based parameter maps were calculated from time

intensity TICs). ROIs were placed on the solid components of each tumor using the same
metho lysis. The calculated quantitative parameters were: Vp, Ve, Ktrans, and Kep. The

arterial input function was automatically computed, and the corresponding curves with a rapid

increase in

Statistical O
—

Patient demographics, including age and sex, and tumor characteristics, including presence of cystic

hancement and sharp peaks were chosen for DCE-MRI analysis.

changes, enhancement pattern (homogeneous/heterogeneous pattern), and maximum diameter of
tumor, were compared between the sporadic and NF2 groups. Age and maximum diameter of tumor
were compared by the Mann-Whitney U test and described as median (interquartile range [IQR]).
The categorical variables such as sex (ratio of male to total), presence of cystic changes, and
enhancement patterns were compared by Fisher’s exact test. nADCmean and DCE-MRI parameters

were compared by the Mann-Whitney U test and described as median [IQR]. For the metrics that
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showed statistically significant differences, diagnostic performances were calculated based on ROC
curve analysis. The optimal cutoff values in ROC analysis were determined as a value to maximize
the Youden index (sensitivity + specificity - 1). To identify a significant modality to distinguish the
sporadic and NF2 groups, multivariate logistic regression analysis was performed using nADCmean
and the combination of statistically significant DCE-MRI parameters. All statistical calculations were
conducted using R software (version 4.1.1; R Core Team, Vienna, Austria). Variables with P-values of

< .05 were considered statistically significant.

Results: s
Patient de!ograpfics and tumor characteristics

The patient demographics and tumor characteristics are shown in Table 1. The sporadic group

included 2 (15 males; median 44 years [32—49]) with 23 lesions. The NF2 group included 5
patient es, median 30 years [23—33]) with 5 lesions. Patients with NF2-related VSs were
youngeE in the sporadic group (P=.044). Otherwise, there were no significant differences
in patient demographics or tumor characteristics on conventional images (P = .22 — 1.0).

L

DWI and DCE-MRI analysis

Table 2 sh omparison of nADCmean and DCE-MRI parameters between the 2 groups.

nADCmeafas significantly higher in the sporadic schwannoma group than in the NF2 schwannoma

group (nADCmeangsporadic group 1.63 [1.50-1.85] vs NF2 group 1.16 [1.15-1.26]; P = .002). Ve and
Ktrans wer ntly lower in the sporadic schwannoma group than in the NF2 schwannoma

group (Ve: 0.40 [0.31-0.47] vs NF2 0.66 [0.55-0.74]; P = .007, Ktrans: sporadic 0.17 [0.11-

0.22] v¢)31—0.39]; P =.007).
There were no significantly differences in Vp and Kep between the two groups (P =.71 and .11,

respectively). Representative cases of sporadic and NF2 VSs are shown in Fig. 1 and Fig. 2.
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Table 3 and Fig. 3 present the diagnostic performance of nADCmean, Ve, and Ktrans. The

multivariable multivariate logistic regression analysis using nADCmean and the combination of Ve

and Ktrans'Showed statistically significant differences both in nADCmean and the combination of Ve
and Ktransa

I

-

Discussion
This retros imefStudy aimed to assess the clinical utility of DWI and DCE-MRI between sporadic
and NF2—rm, and to identify significant imaging modalities for differentiation of the two
groups usi d DCE-MRI. nADCmean, Ve, and Ktrans were identified as statistically significant
discrimina::bles while conventional imaging tumor characteristics, Vp, and Kep failed to
show signi‘ant differences. nADCmean and the combination of Ve and Ktrans were both significant

differentia een the two groups. These findings suggest that DWI and DCE-MRI can be used

for differentfati f sporadic and NF2-related VSs.

aracteristics on conventional MRIs, there was no significant difference in

prevalence of cystic changes or enhancement pattern in this study. A pathological study reported no
significant !fference in presence of Antoni A and B histology between sporadic and NF2
schwanno erefore tumor characteristics on conventional imaging are not expected to show

differences n the two groups. The patients with NF2 VSs were younger than those with

sporadic Vs: as the previous studies showed.*"’

Regar8ling DWI analysis, the ADC value can represent cellularity and internal structure and can
be used for assessifig tumor differentiation and gene mutation status. In this study, normalized
mean ADC ificantly higher in the sporadic VSs than in the NF2-related VSs. Based on
pathologica ies, high cellularity, lobular pattern, and whorl pattern were reported in

8,16,18

NF2-related schwannomas. The differences in these pathological characteristics are expected to

result in lower ADC values in NF2-related VSs than in sporadic VSs. One previous study using DTI to
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compare sporadic and NF2-related VSs showed lower fractional anisotropy and higher mean
diffusivity in NF2 VSs,"” although the study did not exclude the cystic component when delineating

componen g normalized mean ADC values to control for variation between MRI

the Iesionsl. V-V: (jxcluded cystic components from ROls in order to compare the solid tumoral

scanner?, riqigne iC field strengths, and matrix sizes, we believe that diagnostic performance of

nADCmean for differentiation of the two groups is robust.

In additionﬁCE-MRl can help to assess tumor permeability with Ve and Ktrans.”>?° In our study,

Ve and Ktr higher in NF2 VSs than in sporadic VSs, suggesting higher tumor permeability in
NF2—reIate@cently, one study showed no difference in Ve and Ktrans between the sporadic
and NF2 VS this was performed by delineating tumors without avoiding cystic components,
which can the values of DCE-MRI parameters.'” As we did for DWI analysis, our

methodold the cystic components to evaluate vascularity and permeability in the solid

compo nsidering that NF2-related VSs typically grow faster than sporadic VSs, and that

4,21,22

growing schw as show higher Ktrans than static schwannomas, it is reasonable that

NF2-related VSs could demonstrate higher vascular permeability than sporadic VSs, as our study

showed. !
In thiDCmean and the combination of Ve and Ktrans were both chosen as significant

discriminat een sporadic and NF2 VSs by multivariate logistic regression analysis. The
patientﬁsually show bilateral VSs, but half of the patients with NF2 have no family history,
and may present with unilateral VSs or other clinical features.” When it is uncertain whether patients
carry an NF2 diagn@sis or not from their clinical manifestations and conventional MRI imaging

findings, a | and DCE-MRI to the head and neck protocol can be helpful to differentiate

NF2-relate sporadic VSs and thus aid in the appropriate clinical workup and treatment.

This study had several limitations. First, this was a retrospective study from a single-center

study with a small population. Further studies with a larger sample size would be required to confirm
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the result of our study. Second, we used 1.5 T and 3 T scanners, which may add heterogeneity to the

calculated ADC and DCE-MRI parameters. Third, a temporal resolution of 8.4 sec was used for

[

DCE-MRI analysis, although a temporal resolution of 2—4 sec is recommended. This might cause

)

inaccuracy in DCE-MRI parameters. Finally, genetic tests were not performed for the majority of the

patientsﬂn € sporadic VSs group. However, they were not suspected to have

£

germline NF2 mutation given the Manchester criteria at the diagnosis of VSs, and did not show any
evidence o ated manifestations at follow-up. One patient underwent NF2 mutational

analysis usling Bloo@, which was negative for germline NF2 mutation or LZTR1 and SMARCB],

SC

because th had a previous history of schwannoma in the extremity.

U

In con WI and DCE-MRI are both promising biomarkers for differentiation between

N

sporadic a lated VSs and can help to arrive at a proper clinical assessment when NF2

mutation sgat nknown.

d
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Tables:

Table 1. Patient demographics and tumor characteristics

; 2 Sporadic NF2 P value
m k@kers of lesions 23 5 Not applicable
hale/total) 15/23 4/5 1.0
‘ Ag.(years) 44 (32-49) 30 (23-33) .044
Mmﬂameter (mm) 28 (16.5-32.5) 20(17-27) 22
Pres:/stic components 12/23 2/3 1.0
ent pattern
14/23 3/5 1.0
neous/total)

The numb< 3 i‘ entheses represent interquartile range.

Table 22 mean ADC and DCE-MRI parameters of the sporadic and NF2-related vestibular

schwannomas

L Sporadic (23 lesions) NF2 (5 lesions) P Value

Normalized meQ 1.63 (1.50-1.85) 1.16 (1.15-1.26) .002

Vp s 0.05 (0.03-0.098) 0.09 (0.07-0.09) 71

Ve el 0.40 (0.31-0.47) 0.66 (0.55-0.74) 007

Ktrans i 0.17 (0.11-0.22) 0.33(0.31-0.39) .007

Kep 0.40 (0.36-0.48) 0.48 (0.42-0.71) A1
The numbers ntheses represent interquartile range. ADC, apparent diffusion coefficient; Vp,

fractional plasma volume; Ve, fractional volume of extracellular space; Ktrans, forward volume

transfer constant; Kep, reverse reflux rate constant

This article is protected by copyright. All rights reserved.



Table 3. Optimal cut-off values and diagnostic performance of nADCmean and Ve and Ktrans to

distinguish sporadic and NF2-related vestibular schwannomas.

{

Parameters Cut-off AUC  Sensitivity Specificity Accuracy PPV NPV
SE— -
nADCmean 1.46 0.93 1.0 0.79 0.83 0.56 1.0

[

Ve R0.51 0.90 1.0 0.82 0.85 0.56 1.0

C

Ktrans 0.29 0.90 1.0 0.86 0.89 0.63 1.0

S

nADC, normalized apparent diffusion coefficient; Ve, fractional volume of extracellular space; Ktrans,

U

forward vo nsfer constant; AUC, area under the curve; PPV, positive predictive value; NPV,

1

negative pj iveyvalue

Ma

Figures

Figure 1

or

Auth
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Fig. 1
A 49—year—he with a sporadic vestibular schwannoma in the left cerebellopontine angle.

(a) ADC man nADCmean of 1.55. (b) On DCE-MRI permeability map, a region of interest was

placed on !e solid component and (c) fractional volume of extracellular space (Ve) and (d) forward

volume tralsfer c’stant (Ktrans) were calculated. The values of Ve and Ktrans were 0.41 and 0.19,

respectiveI:

Figure 2<
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e

Fig. 2

A 11-year-hwith Neurofibromatosis type 2-related vestibular schwannoma in the right

cerebellopgle extending into the right internal auditory canal. (a) ADC map showed
nADme(b) On DCE-MRI permeability map, a region of interest was placed on the solid
compo ; fractional volume of extracellular space (Ve) and (d) forward volume transfer

constant (Ktrans) were calculated. The values of Ve and Ktrans were 0.74 and 0.37, respectively.

Figure <
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NC

Receiv haracteristic curves of nADCmean, Ve, and Ktrans are demonstrated.

L

nADCm ized mean apparent diffusion coefficient; Ktrans, forward volume transfer

constant; V€, nal volume of extracellular space; AUC, area under the curve

u
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