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BACKGROUND: Vestibular schwannoma (VS) management decisions are made within multidisciplinary meetings (MDMs). The improved accu-
racy of volumetric compared to linear tumor measurements is well-recognized, but current volumetric evaluation methods are too time-inten-
sive. The aim was to determine if the availability of fully automated volumetric tumor measures during MDM preparation resulted in different
radiological outcomes compared to a standard approach with linear dimensions, and whether this impacted the clinical management decisions.

METHODS: A prospective cohort study evaluated 50 adult patients (mean age 64.6, SD 12.8; 24 male, 26 female) with unilateral sporadic VS. Two
simulated MDMs were convened using different methods to measure tumor size during radiology preparation: MDM-mIm used linear tumor
dimensions, while MDM-avm was provided with fully automated deep learning-based volume measurements. Interval changes in VS size from
the index to final and penultimate to final magnetic resonance imaging (MRI) studies defined the radiological outcomes. The subsequent clini-
cal MDM outcomes were classified. Wilcoxon signed rank tests compared the radiological classification of VS size change and the management
outcomes between the MDM-mIm and the MDM-avm.

RESULTS: The 57 interval MRI comparisons in 33 patients showed a significant difference in the classification of VS size change between the
MDM-mIm and MDM-avm for all intervals (z=2.49, P=.01). However, there was no significant difference in the resulting management decisions
between the 2 MDMs (z=0.30, P=.76).

CONCLUSION: Provision of fully automated VS volume measurements to “real-world” MDM preparation significantly impacted the radiological
classification of VS size change but did not influence management decisions.

KEYWORDS: case report, intracranial schwannomatosis, optic nerve, schwannoma, supraorbital approach

INTRODUCTION

Vestibular schwannomas (VS) are benign tumors of the eighth cranial nerve sheath. The lifetime risk of being diagnosed with a VS
likely exceeds 1 in 500.' Since most tumors are indolent and are increasingly detected when small, an initial conservative manage-
ment strategy with observation and magnetic resonance imaging (MRI) monitoring is often proposed. The intensity of serial imag-
ing and the interval between MRI studies will depend on tumor size and location, stability, and duration of follow up.? Determining
that such a “watch and wait” approach has failed and that treatment with microsurgery or stereotactic radiotherapy is required is
multifactorial, and will be influenced by patient age, clinical features, and co-morbidities. However, demonstrating tumor growth
on sequential MRl is a key factor in deciding whether therapeutic intervention is appropriate.
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Monitoring of VS growth has traditionally been performed with
2-dimensional linear measurements.>* However, volumetric evalua-
tion is more reliable and sensitive for the detection of VS growth.>'
Tumor volumes may be measured with manual segmentation, but
this is labor-intensive and subjective,”®" so precluding its routine
clinical application. An alternative approach is with semi-automated
volumetric segmentation tools, which allow for more rapid and
repeatable evaluation, but again there remains a requirement for
operator interactions and alterations of the segmentation.' Fully
automated image segmentation aims to smooth workflow by con-
touring the tumor volume without the need for further manual
adjustments. Such fully automated approaches are now possible
with deep learning (DL) techniques, and these have been applied to
the segmentation of VS across a range of MRI sequences and clinical
datasets.’>°

Information on VS size and growth is of vital importance to multi-
disciplinary team meetings (MDMs) or tumor boards in order to allow
management decisions. However, MDMs and radiology departments
are struggling to provide sufficient time for radiologists to prepare
for MDMs and to perform tumor measurements as the case load
increases."”' The provision of fully automated measurements may
usefully augment the evaluation of serial VS size changes by the radi-
ologist and reduce errors resulting from increased time pressures.?
The implementation of DL-generated automated measurements of
VS size within the MDM setting has been described;?* but the clini-
cal impact of applying fully automated volumetric measurements
remains to be explored. As such volumetric tumor analysis becomes
more feasible to apply in clinical practice, it is important that the
effect on radiological and management outcomes in such real-world
settings is evaluated.

Our primary objective was to determine whether the availability of
fully automated volume measures resulted in different classifications
of VS size changes as compared to manual linear dimensions, and
whether this impacted clinical management decisions in a real-world
MDM setting. Our secondary objectives were to evaluate whether
manual linear dimensions performed outside the MDM setting
resulted in a different classification of VS size change compared to
those performed within the time-pressured environment of MDM
preparation, and to assess whether manual linear measures were

MAIN POINTS

«  The impact of deep-learning-based fully automated volume mea-
surements on radiological outcomes and clinical management was
evaluated in a real-world multidisciplinary meeting (MDM) setting.

+  There was a difference in the classification of interval vestibular
schwannoma size changes between an MDM applying linear tumor
dimensions, and an MDM where fully automated deep learning-
based volume measurements were provided.

«  Thedifferences in radiological outcomes did not translate into a dif-
ference in the MDM clinical management decisions, although this
may be a result of the small patient cohort.

«  Thedeep-learning-based model may usefully augment the radiolo-
gist interpretive skills while improving workflow and adding cer-
tainty; however, its real benefits will only be achieved when there is
a clear impact on patient care.

able to predict changes in the fully automated volume measures. A
STARD checklist guided this work.

METHODS

Patients

The study was approved by the Research Ethics Committee
(Approval:22/NS/0160(AIMBraTS); date June 12, 2022), and the
requirement for patient consent was waived. This prospective cohort
study evaluated 50 adult patients with unilateral sporadic vestibu-
lar schwannoma (Figure 1). Patients were curated from a list of 200
consecutive patients referred to a tertiary neuroscience center MDM
between December 2009 and September 2012 and were chosen to
be representative of our unit’s typical MDM composition in terms of
the number, surveillance period, and rate of intervention. The final
MRI studies were performed between 9/1/12 and 15/3/21. The mean
interval between the initial and final MRI study was 54.7 (standard
deviation (SD) 31.9) months in the 50 patients, and a total of 187 MRI
studies were performed. This included 4 post-operative and 11 post-
stereotactic radiosurgery (SRS) tumors, with index tumors being
intrameatal (IM) in 13 patients, extrameatal (EM) in 16 patients, and
post-operative remnants in 4 patients (Table 1).

Simulated Multidisciplinary Meetings

An MDM using manual linear measurements (MDM-mIm) and an
MDM with the availability of automatic volumetric assessments
(MDM-avm) were convened 35 days apart. The same cases were con-
sidered in both MDMs, but the order of cases was randomized. In line
with standard practice, both allowed for up to 2.5 hours of prepara-
tion of the cases by the neuroradiologist (SC with 25 years of subspe-
cialty experience) prior to the MDM. The time taken to evaluate each
case during the preparation for each MDM was documented.

MDM-mIm Preparation

The preparation for the MDM-mIm incorporated the local “standard
of care.” All sequences were reviewed at each time point, and the
highest resolution MRI sequences, T2w or gadolinium enhanced (Gd)
T1w MRI sequences, were selected to acquire measurements. Digital
calipers were placed using the Picture Archiving & Communications
System (PACS) workstation (Sectra workstation, Sectra AB, Sweden)
on a section of the tumor that was perceived to demonstrate the
maximal linear dimension. The linear measurements were always
performed in the axial plane; however, subsequent images were
reformatted where possible to correct for differences in obliquity
between interval MRI studies. The maximum whole tumor axial
dimension was obtained when the index tumor was purely IM, and
the maximum EM axial dimension (in any direction) was measured
when theindex tumor EM component was larger than the porus acus-
ticus (Figure 2). The radiological outcomes were recorded for interval
changes in VS linear dimensions from the index to the final (I-F) MRI
and from the penultimate (the imaging study prior to the final study)
to the final (P-F) MRI studies based on measurements performed to
the nearest 0.1 mm. If VS surgery was performed after the initial MRI
study, then the first post-operative MRI was designated as the index
MRI. The radiological outcome was defined as either definite (>2
mm) increase,* equivocal (1-2 mm) increase, stable (<1 mm change),
equivocal (1-2 mm) decrease, or definite (>2 mm) decrease. The
definitions for definite change in linear measurements were based
on consensus guidelines, with the measurement thresholds halved
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Figure 1. Flow chart demonstrating selection process and exclusions for final cohort.

to define equivocal changes.* In accordance with routine practice,
the VS linear measurement (to the nearest 1 mm), radiological out-
come, and free text for any additional relevantimaging features were
recorded on a structured form to present at the MDM-mIm.

MDM-avm Preparation

The preparation for the second MDM-avm was augmented by a
report providing automated volume measurements for each VS
MRI derived from DL-based segmentations, using in-house software
trained on a separate dataset.’®?*>* Segmentation was performed on
the highest resolution Gd T1w MRI sequence or the high-resolution
T2w imaging when Gd T1w imaging was not available. Automatically
generated volume segmentations were displayed as 2D masks on
serial sections, and interval changes were depicted in a bar plot. The
neuroradiologist evaluated the segmentation alongside the images

on PACS for index, penultimate, and final VS volumes and decided
whether each was acceptable (Figure 3). Interval changes in VS %
volume (% A vol) and absolute volume for I-F and P-F defined the
radiological outcome.* These were recorded as definite (>20% or
1.2 cm’) increase, equivocal (10%-20% or 0.6-1.2 cm?) increase, sta-
ble (<10% or 0.6 cm?® change), equivocal (10%-20% or 0.6-1.2 cm3)
decrease, or definite (>20% or 1.2 cm?) decrease. The definitions for
definite change in volume measurements were based on consensus
guidelines, with the measurement thresholds again halved to define
equivocal changes.*

Multidisciplinary Meetings and Clinical Management Outcomes

Multidisciplinary meetings immediately followed the preparation
and were conducted in an online and in-person hybrid format as per
normal practice, with 9 clinical staff (2 skull base neurosurgeons, 2

Table 1. Patient Demographics and Tumor Characteristics for All MDM Cases and the Final Study Cohort

All MDM Cases Study Cohort
Number of patients 50 33
Number of comparisons Index-final 47 31
Penultimate-final 45 26
Mean (SD) interval between MRI scans Index-final 54.7 (31.9) 52.3(32.5)
Penultimate-final 24.9 (19.5) 23.9 (22.6)
Mean age (SD) 64.6 (12.8) 65.1(13.7)
Sex (M/F) 24/26 14/19
Treatment interventions before final MRI Surgery 8 (16%) Surgery 4 (12%)
12 SRS (24%) SRS 11 (33%)
Number of index tumors at each location Intrameatal 23 13
Extrameatal 23 16
Index MRI of post-operative remnant 4 4

Mean linear dimension (SD) at each location Intrameatal

9.0cm (3.4 cm)
whole tumor

10.8cm (4.1 cm)
whole tumor

Extrameatal

18.4cm (9.1cm)
extrameatal tumor

143 cm (6.1 cm)
extrameatal tumor

Index MRI of post-operative remnant

17.8cm (9.2 cm)

17.8cm (9.2 cm)

SRS, stereotactic radiosurgery, MDM, multidisciplinary meeting.
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Figure 2. Linear dimensions evaluated for intrameatal and extrameatal
tumors. (A) Post gadolinium T1w image with 3 mm axial sections demonstrates
an extrameatal component larger than the porus acusticus, so a linear
measurement is performed of the maximum axial dimension of the
extrameatal component (in any direction). (B) Three-dimensional T2w image
with 0.7 mm slice thickness demonstrates a purely intrameatal component, so
the linear measurement is performed of the whole tumor.

clinical oncologists, 2 clinical nurse specialists, and 3 neurosurgical
fellows). Each case was demonstrated on the PACS system through
screen sharing with a discussion of the recorded tumor dimensions
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and interval changes. During the MDM-avm, members also referred
to the summary automated report to assist their decision-making
with an emphasis on % A vol. The proposed management out-
come was classified as: 1) discharge from follow-up, 2) surveillance
(increased interval for next MRI), 3) intensive surveillance (decreased
interval for next MRI), or 4) intervention (surgery or stereotactic
radiosurgery).

Final Study Cohort and Analysis of Linear Dimensions Outside the
Multidisciplinary Meeting Setting

Interval MRI comparisons were excluded when 1) VS volume seg-
mentation was not available (due to limited time points), 2) VS vol-
ume could not be calculated (the tumor was depicted on a single
axial section), or 3) VS volume was unacceptable (radiologist judged
it did not to correspond to the contour of the tumor).

Eleven months after the initial MDM-mIm, further manual lin-
ear dimensions were performed for this final study cohort out-
side the MDM setting. These were performed to the nearest 0.1
mm, and radiological outcomes were classified at the same MRI
time points and on the same sequences, while blinded to initial
measurements.

Statistical Analysis
Statistical analyses were performed using SPSS® Statistics 27.0 (IBM
SPSS Corp.; Armonk, NY, USA).

A P value <.05 was considered statistically significant. Normality of
data was evaluated with the Shapiro-Wilk test, with non-parametric
tests performed when P < .05. Descriptive statistics documented
the mean and SD for normally distributed data and recorded the
median and interquartile range (IQR) for data that was not normally
distributed.

Wilcoxon signed rank tests and Kendall’s Tau compared the 3 clas-
sifications of VS size change (stable, equivocal, or definite), and the
5 management outcomes (discharge from follow-up, surveillance,
intensive surveillance, and intervention) between those documented
at the MDM-mIm and those recorded at the MDM-avm.

40 50

TP4:2015-05-01

e

TP5: 2016-05-21

Figure 3. Example of volume segmentations and report available for MDM-avm preparation. Five serial gadolinium-enhanced T1w MRI studies demonstrate an
increase in VS volume and subsequent regression following stereotactic radiotherapy. The index MRI at TP (time point) 1 is the same as that depicting the linear
measurement in Figure 2A. The segmentations were considered acceptable, and volume comparisons were performed from both TP1 to TP5 and TP4 to TP5.



Weighted Cohen’s kappa evaluated the reliability of the radiologi-
cal outcomes (definite increase, equivocal increase, stable, equivo-
cal decrease, definite decrease) recorded from linear measures
within and outside the MDM setting. The Wilcoxon signed-rank test
compared the classification of VS size change derived from linear
dimension measures outside the MDM setting with those during the
MDM-mIm preparation and with those obtained from MDM-avm vol-
ume measures.

Spearman rank correlation coefficient established the relationship
between changes in the linear interval changes in the manual linear
dimensions and the volumetric change in VS size. Volume change is
proportional to the cube of linear diameter change, so to evaluate
linear growth in a comparable manner to volumetric growth, % lin-
ear interval changes were cubed (% A linear®) for comparison with
the automated % volumetric changes (% A vol). The sensitivity and
specificity of equivocal (1 mm) and definite (2 mm) increases in linear
dimensions for the detection of definite volumetric tumor growth
were also evaluated.

RESULTS

Descriptive Data for Cohort and Multidisciplinary Meetings

Of the 50 adult patients included in the MDM cohort (mean age 64.6
SD 12.8; 24 male, 26 female), there were 17 patients in whom both
the I-F MRI and P-F MRI comparison were excluded and 9 patients
in whom one comparison was excluded. Therefore, the study cohort
included 33 patients (mean age 65.1, SD 13.7; 16 males, 19 females)
with 57 interval MRI comparisons (Figure 1). The median index tumor
volume [IQR] was 610.3 [253.6-2374.0] mm?>.

The linear measurement comparisons in MDM-mIm and outside the
MDM setting were performed on serial MRI sequences with weight-
ing and section thickness as documented in Table 2.

The time taken to review imaging for each of the 33 patients was a
mean 2 minutes 50 seconds (SD 1 minute 4 seconds) for the MDM-
mlm preparation and 3 minutes 3 seconds (SD 1 minute 31 seconds)
for the MDM-avm preparation. There was no significant difference
between the MDM-mIm and the MDM-avm for the time required for
the preparation of each case (z=1.36, P=.10). Additional recorded
findings not reflected by the MDM-avm volumetric assessment
included significant interval internal necrosis (n=3) and the pres-
ence of non-enhancing peritumoral cysts (n=1) in tumors with sur-
veillance as the management strategy.

Table 2. MRI Sequences and Section Thickness for the Linear Dimensions
(n=57)

Index or Penultimate MRI Final MRI

Slice Thickness (Sequence) Slice Thickness (Sequence) Number
3mm (GdT1w) <1 mm (Gd T1w) 20
3mm (GdT1w) 2-3mm (Gd T1w) 14
0.7 mm (T2w) 0.7 mm (T2w) 10
<Tmm (GdT1w) <1 mm (Gd T1w) 5
0.7 mm (T2w) <1 mm (Gd T1w) 4
0.7 mm (T2w) 2-3mm (Gd T1w) 4

Gd, post-gadolinium.
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Multidisciplinary Meeting-mIim and Multidisciplinary Meeting-
avm Classifications of Vestibular Schwannomas Size Change and
Management Outcomes

There was a significant difference in the classification of VS size
change recorded in the MDM-mIm compared to the MDM-avm,
both for I-F alone (z=2.44, P=.02) and all intervals (z=2.49,
P=.01). There was also no significant correlation between the
classification of VS size change obtained from MDM-mIm linear
dimensions and MDM-avm volumetric measures for these inter-
val comparisons (r=0.502, P=.003; 7=0.403, P < .001). There
were 24 interval comparisons judged to show definite changes
in the MDM-mIm while 35 interval comparisons with definite
changes in the MDM-avm. There was no difference between the
management decisions resulting from the 2 MDMs and they
were significantly correlated (z=0.30, P=.76;,7=0.716, P=.357)
(Figure 4, Table 3).

Radiological Outcomes Obtained Outside the Multidisciplinary
Meeting Setting

Weighted Cohen'’s kappa (k) demonstrated very good agreement
between the 5 radiological outcomes documented during MDM-
mlm preparation and those recorded outside the MDM setting for all
interval comparisons (weighted x=0.848; 95% Cl, 0.748-0.949).

0 .F;n;l(rve Differences

Negative Differences
)
Number of Ties = 32
x|
Radiological outcome score

O=stable

Frequency

1=equivocal change

2=definite change

Differences in classification of VS size change with fully automated volume
measurements (c-MDM) compared to linear measurements (s-MDM)

[ Positive Difierences
@

mlatie Difrences

Number of Ties = 25

Management score

Frequency

0=discharge
1=surveillance
2=intensive surveillance

3=intervention

Differences in management outcomes with fully automated volume
measurements (c-MDM) compared to linear measurements (s-MDM)

Figure 4. Chart demonstrating differences in VS size change classification
and management outcome between MDM-mIm and MDM-avm.
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Table 3. Comparison of Radiological Management Outcomes Between the MDM-mIm and MDM-avm

Classification of VS Size Wilcoxon
Comparison ! ! 2 Number MDM-mIm (Linear)  MDM-avm (Volume) . ficox Kendall’s Tau
Change Signed Rank
Radiological outcome
Index to final MRI Stable 31 intervals 8 3 P=.02 P=.003
Equivocal 2 increase 3increase z=244 7=0.502
4 decrease 1 decrease
Definite 10 increase 13 increase
7 decrease 11 decrease
Penultimate to final MRl Stable 26 intervals 12 9 P=.24 P=.249
Equivocal 3increase 3increase z=1.19 7=0.211
4 decrease 3 decrease
Definite 3increase 5increase
4 decrease 6 decrease
All intervals Stable 57 intervals 20 12 P=.01 P <.001
Equivocal 5increase 6 increase z=249 7=0.403
8 decrease 4 decrease
Definite 13 increase 18 increase
11 decrease 17 decrease
Management outcome  Discharge 33 patients 3 4 P=.763 P=.357
Surveillance 17 15 z=030 7=0716
Intensive surveillance 9
Intervention 4 5

There was no difference between the 3 classifications of VS size
change based on linear dimensions acquired during MDM-miIm
preparation and those performed outside the MDM setting (z=133.0,
P=.088). The classification of VS size change using linear dimensions
outside the MDM setting remained significantly different from that
obtained when applying the MDM-avm volume measures (z=64.0,
P=.001).

Relationships Between Linear Dimension and Fully Automated
Volume Changes

Since the radiological outcome was reflected by interval changes in
VS % volume (% A vol) in all cases and absolute volume changes in
only 48/57 cases, the % A vol was used for a comparison with the lin-
ear measures. There was a significant positive relationship between
changes in the cube of the manual linear dimensions (% A linear?)
(mean 15.46 SD 85.62%) and the % A vol (median 9.90 IQR [-90.4 to
110.2] %) for all intervals (r,=0.76, P < .001) (Figure 5). A threshold
of 1 mm (equivocal) increase in linear dimension predicted definite
(>20%) % A vol with sensitivity 83.3%, specificity 71.8%, and diag-
nostic odds ratio (DOR) of 12.73 (95% Cl 3.07-52.78), while a thresh-
old of 2 mm (definite) increase predicted volumetric tumor growth
with sensitivity 67.7%, specificity 87.2%, and DOR of 13.60 (95% Cl
3.50-52.83).

DISCUSSION

This study of real-world application of fully automated VS volume
changes in the MDM setting demonstrated a significant difference
in the classification of all interval VS size changes when compared
with standard linear measurements (P=.01) and a greater number
of cases were classified as definite change, although this did not sig-
nificantly impact management decisions (P=.76). The evaluation of
linear dimension changes outside the MDM setting did demonstrate

very good agreement with those recorded during MDM preparation
(x=0.848), and there remained a significant difference in the classi-
fication of volume changes in VS size (P=.001). The % A linear® sig-
nificantly correlated with the % A vol (P <.001). However, the current
definition of definite linear dimension change (2 mm)* was shown to
be insensitive (67.7%) to definite volume change (>20%). There was a
similar ability of T mm (DOR 12.73) and 2 mm (DOR 13.60) thresholds
for linear dimension change to discriminate definite % change in VS
volume.

Artificial intelligence (Al) has been applied to the streamlining of
MDMs and has the potential to aid clinical decision making.*?%
Radiologists preparing for MDMs are confronted by growing case
numbers and serial imaging,?' and while our study did not show any
significant difference in the radiological outcomes obtained within

Plot of cubed % change in linear dimension versus %volume
change for 57 interval comparisons
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Figure 5. Plot of cubed % change in linear dimension versus % volume
change for 57 interval comparisons.



and outside the MDM settings, the time pressure during the MDM
preparation has the potential to result in diagnostic errors and vari-
able interpretation. The review of sequential MRI studies to deter-
mine fluctuations in VS size is a key component of the skull base
MDM, and it is recognized that volumetric changes provide the most
reliable and accurate assessment. In this context, radiologists may
benefit from Al applications such as DL-based tumor segmentation
to aid their interpretative skills.?” Most studies of DL models for VS
volume segmentation have focused on internal cohorts, although
some have undergone external validation from heterogeneous
multi-institution data.'>'”'%% There has been limited application of
DL-based volumetric segmentation of tumors in other real-world
settings.?® Testing within the MDM environment could aid the accep-
tance and penetration of these tools into clinical practice and over-
come skepticism concerning their implementation.

The complementary nature of radiologist and Al input into MDM
preparation was demonstrated by the requirement to reject unrep-
resentative volume segmentations, which precluded at least one of
the I-F or P-F volumetric comparisons in 7 patients. It is also notable
that there were 4 cases in which significant tumor-related features
required communication by the radiologist. While the process of
verifying the volume segmentations resulted in an overall increase
in MDM preparation time for the study cohort, no prior training was
obtained, and it is anticipated that this would decrease with familiar-
ity with the process.

Although there was a clear impact of DL-based volumetric tumor
changes on radiological outcomes, there was no significant impact
on the clinical management strategy.”® This implies that clear size
changes recognizable by both linear and volume measures are cur-
rently required to prompt intervention. It should be appreciated that
therapeutic choices are multifactorial and also depend on the rate of
growth, hearing symptoms, demographics, and comorbidities. While
the same patients were reviewed in each MDM and hence “patient
factors” were consistent, it is possible that they were not considered
with equal weighting, which may have differentially influenced the
management decisions. It should also be noted that our elderly cohort
(mean age 65.1) with small tumor volumes (median 610.3 mm?) could
result in a bias towards surveillance rather than intervention, and it
is possible that there would be a greater impact on clinical manage-
ment if a younger population with larger tumors had been studied.

Despite our study findings, it is expected that automated volumetric
evaluation will become embedded within clinical practice through
its gains in precision and efficiency. It is expected that the evolution
of robust, generalized DL algorithms and their application to con-
temporary high-resolution volumetric MRI sequences will improve
the accuracy, reliability, and acceptability of segmentations. To have
a greater impact on the development of individualized MRI surveil-
lance protocols, there will also need to be greater consensus on the
definition of volumetric tumor growth, and this will be enabled by
accrual of volumetric data. Accurate volumetric analysis will be of
particular benefit in the setting of neurofibromatosis type 2 tumors,
which have complex growth patterns that are poorly defined by lin-
ear dimensions. Pre-treatment VS volume changes, post-treatment
residual volume, and patient factors (e.g., age) may contribute to
multivariable predictive models to determine the propensity to
tumor re-growth.” In addition to the evaluation of tumor volume,

Connor etal. Fully Automated VS Volume Measures in a MDM Setting

the ability to perform automated segmentation on MRI may aid prog-
nostication and assessment of treatment response through the inter-
rogation of radiomics features,*® and physiological properties such as
perfusion,® while it may contribute to treatment planning through
tumor contouring for radiotherapy targets.>* The incorporation of
such DL-based automation within MDM practice presents challenges
that are common to the adoption of any artificial intelligence tech-
nologies. In particular, there is a need to overcome mistrust of the
DL algorithm’s reliability among MDM members, perceived threat to
the agency, autonomy, and expertise of the radiologist, and concerns
about the managerial justification for introducing these automated
tools.®

Previous studies have also shown decreased sensitivity using lin-
ear dimension criteria compared to a >20% volume definition of
VS growth,%81913 potentially resulting in a bias to non-intervention.
Morris et al® demonstrated a sensitivity of 86% for the discrimination
of volumetric progression when using a >2 mm linear dimension
criterion in 61 NF2-associated VS. However, they applied a range of
standardized linear measurements rather than a single axial dimen-
sion. Other studies have demonstrated sensitivities of 71%,° 56%,°
and 57%' when applying a >20% linear dimension increase to the
prediction of a >20% volume VS progression. Harris et al® and Walz
et al® also found that the % A linear® underestimated % A vol by 50%
and 73%, respectively. Our contrasting observation of % A linear?
exceeding % A vol may relate to the inclusion of 13/33 IM tumors in
which the volume increase is limited by the confines of the IAC.

The study has limitations that should be considered. Firstly, there
were constraints in data collection during the “standard of care”
MDM-mIm preparation. For instance, the MDM-mIm documented
the radiological outcome based on linear measurements obtained in
0.1 mm increments, but only the radiological outcome and the tumor
dimensions (to the nearest 1 mm) were recorded. Thus, the evalua-
tion of intra-observer reliability within and outside the MDM setting
was confined to variations in radiological outcomes rather than abso-
lute linear measures. Differences in linear dimensions have previously
shown poor reliability relative to volumetric changes.>”'%" |t also
did not allow for multiple linear measurements in different planes,
which better predict volumetric tumor growth.? Secondly, there was
potential for bias by the high rate of exclusions, although the final
study cohort was shown to be broadly representative of the initial
patient group and reflected a standard MDM case mix. Thirdly, the
patient sample was accrued from those referred up to 15 years previ-
ously, resulting in exclusions due to a number of thick-section index
studies precluding volume segmentation. Finally, the robustness of
the DL-based volume changes should be addressed in the context
of heterogeneous imaging sequences, thick-section imaging, small
IM tumors, and post-operative remnants.>* While the DL segmenta-
tion model has been trained on a multi-center routine clinical dataset
with a range of sequences and slice thickness'® and with Dice similar-
ity coefficients similar to trained radiologists, there were 10 interval
comparisons rejected due to volume segmentation being deemed
inadequate (Figure 1).

CONCLUSION

In conclusion, the application of DL-based fully automated VS vol-
umetric evaluation during a real-world multidisciplinary meeting
preparation allowed greater sensitivity for the classification of VS size
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change when compared to the current “standard of care” approach
with maximum linear dimensions; however, this did not result in a
significant change in the subsequent clinical management decisions.
The successful implementation and added value of such an Al model
suggest that it may usefully augment the radiologist interpretive
skills; however, its real benefits will only be achieved when there is a
clear impact on patient care.
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