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ABSTRACT

BACKGROUND AND PURPOSE: Most multinodular and vacuolating neuronal tumors (MVNTSs) are diagnosed and followed radiologi-
cally without any change across time. There are no surveillance guidelines or quantitative volumetric assessments of these tumors.
We evaluated MVNT volumes during long follow-up periods using segmentation tools with the aim of quantitative assessment.

MATERIALS AND METHODS: All patients with MVNTs in a brain MR imaging report in our system were reviewed. Patients with
only 1 brain MR imaging or in whom MVNT was not clearly the most likely diagnosis were excluded. All MVNTs were manually seg-
mented. For all follow-up examinations, absolute and percentage volume change from immediately prior and initial examinations
were calculated.

RESULTS: Forty-eight patients (32 women; median age, 50.5years at first scanning) underwent 158 brain MRIs. The median duration
between the first and last scan was 15.6 months (interquartile range, 5.7—29.6 months; maximum, 6.4 years) and between consecutive
scans, it was 6.7 months (interquartile range, 3.3-12.4 months; maximum, 4.9 years). Pearson correlation coefficients between days
since immediately prior scan versus absolute and percentage volume change from immediately prior scan were r=0.05 (P =.60)
and r = 0.07 (P=45), respectively. For the relationship between days since the first scan versus absolute and percentage volume
change from the first scan, values were r = —0.06 (P=.53) and r = —0.04 (P =.67), respectively.

CONCLUSIONS: MVNT segmentation across follow-up brain MR imaging examinations did not demonstrate significant volume dif-
ferences, suggesting that these tumors do not enlarge with time. Hence, frequent surveillance imaging of newly diagnosed MVNTs
may not be necessary.

ABBREVIATIONS: DNET = dysembryoplastic neuroepithelial tumor; IQR = interquartile range; MVNT = multinodular and vacuolating neuronal tumor

M ultinodular and vacuolating neuronal tumors (MVNTSs) are
relatively newly described entities, having been introduced
in the literature first in 2013, included as an architectural pattern
in the World Health Organization (WHO) Classification of CNS
tumors in 2016, and officially admitted as a grade 1 tumor in the
2021 Classification.'” Although the number of reported cases in
the literature overall remains low, most patients appear to be mid-
dle-aged at the time of presentation. Three of the largest studies
and reviews of MVNTs report median ages at presentation of 44
and 45 years and a mean age of 39, though diagnoses verified by
histopathology have been made in ages as young as 10 years.*”
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The most common presenting symptoms in patients found to
have MVNT's are headaches and seizures, but a significant portion
of lesions are discovered incidentally.>*'" Histopathology typically
demonstrates neuroepithelial cells with stromal vacuolation and
nodular arrangement located principally in the deep cortical rib-
bon and superficial subcortical white matter (Fig 1).”'*>"> On MR
imaging, these lesions typically present as a cluster of juxtacortical
nodules that are iso- to mildly hypointense on T1 with rare post-
contrast enhancement and hyperintense on T2 and FLAIR and do
not demonstrate diffusion restriction. Alternative diagnoses
most often include enlarged perivascular spaces, low-grade glio-
mas, focal cortical dysplasia, or dysembryoplastic neuroepithelial
tumors (DNETs), and indeed, many MVNTSs were initially mis-
diagnosed as one of these entities before the 2016 description of
MVNTs in the WHO Classification.”

On the basis of numerous case reports and series with stable
clinical and radiologic follow-up, MVNTSs have been suggested to
be benign lesions and have consequently been described as “do
not touch” and “leave me alone,” despite being a grade 1 tumor
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FIG1. A, Low-power view shows multiple discrete nodules and the typ-
ical multinodular and vacuolating features of the tumor. The Luxol fast
blue stain helps delineate the nodules of various sizes, and the pale
staining indicates the variable loss of myelin in tumor nodules present in
the white matter. Mitotic figures, necrosis, or microvascular prolifera-
tion are not seen (Luxol fast blue stain, x50). B, A higher power reveals
variously shaped vacuoles and variably sized cellular elements within
the nodules. A few larger pleomorphic cellular elements are more evi-
dent in the lower nodule. Some tumor cells show an ambiguous neu-
ronlike appearance (Luxol fast blue stain, x100).

by WHO classification.”®'* In particular, 1 study reported that 6.7%
of lesions categorized as MVNT showed progression on follow-up
MR imaging, while the others were stable for up to 93 months, and
another followed patients up to 144 months (using MVNT diagno-
ses made retrospectively on older cases that previously had alterna-
tive diagnoses) with a mean follow-up of 36.8 months and did not
find any significant interval change.>” Given the reassuring course
of patients with MVNTSs, consensus holds that these lesions do not
require biopsy or resection and can be safely followed with MR
imaging surveillance; however, no uniform guidelines exist regard-
ing the frequency of these surveillance scans. Moreover, these studies
relied on qualitative evaluation of MVNT size to document stability,
and no MVNT studies have included tumor segmentation and volu-
metric assessment.

The purpose of this study was to analyze serial imaging of
patients with MVNTSs using manual segmentation to quantitatively

FIG 2. T2-weighted and FLAIR images from the baseline (A and B) and
6.4-year follow-up (C and D) MR imaging of a representative patient
with a right superior parietal lobule MVNT.

evaluate tumor volume changes with time and to suggest guide-
lines regarding optimal MR imaging surveillance, with the hope
that such guidelines reduce unnecessary imaging and stress in
these patients.

MATERIALS AND METHODS

This single-institutional retrospective study was approved by the
institutional review board. A waiver of consent was obtained due
to the anonymized and retrospective nature of the study.

Subject Selection

We used the search function on our PACS to select all brain MR
imaging reports through November 4, 2022, that mentioned “mul-
tinodular and vacuolating neuronal tumor” or “MVNT” in the
report body. All reports were evaluated by fellowship-trained neu-
roradiologists at the original time of dictation. Search results were
manually reviewed, and if MVNT was thought by the original
reading neuroradiologist to be the most likely diagnosis for a par-
ticular patient, that patient was considered for inclusion. Exclusion
criteria included having only 1 brain MR imaging examination
available, lack of T2 and/or FLAIR sequences, and the presence of
other structural lesions precluding MVNT segmentation.

One hundred twenty-eight patients had a mention of “multi-
nodular and vacuolating neuronal tumor” or “MVNT” in at least
1 brain MR imaging report on our PACS. Of these patients, 39
patients had only 1 brain MR imaging and were excluded. Of the
remainder, 41 patients were excluded because MVNT was not
the clear top differential diagnosis, resulting in the final cohort of
48 patients.
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FIG 3. Representative FLAIR images from the baseline (A) and the second (B) MR imaging of a
patient with a left-frontal MVNT (segmented in green). C and D, Images corresponding to the MR
imaging examinations shown in A and B, respectively, show what the segmentation volume win-

dow looks like in our PACS.

Clinical Data

The electronic health record for every included patient was
reviewed. Demographic and clinical data were collected, includ-
ing the indication for initial imaging, age at time of the initial ex-
amination, and any histopathologic data.

MR Imaging and Analysis

MR imaging was performed on a variety of 1.5T or 3T scanners
at our institution, with exact scanning parameters varying among
scanners.

The MVNT location was noted. MVNT signal characteristics
were recorded for T1 pre- and postcontrast, T2, FLAIR, DWT, and
ADC sequences across all examinations. Al MVNTs were man-
ually segmented on the FLAIR sequence from every MR imaging
using a free-form segmentation tool on our PACS. Segmentation
was performed on a randomized order of examination accession
numbers so that consecutive segmentations were not necessarily
performed on imaging even from the same subject, to minimize
the risk of subconscious bias. Because many examinations, for
example generally the initial examination, had 2D FLAIR sequen-
ces but not 3D FLAIR sequences, segmentation was preferentially
performed on the FLAIR sequences (section thickness ranging
from 3 to 5mm) to allow optimal comparison. A small number of
examinations had only 3D FLAIR sequences (1-mm section thick-
ness), which were consequently used for segmentation.

1034 Dogra Sep 2023 www.ajnr.org

Structure M Vol/Area
I ROI 1 (3D) 2034.6 mm® W v

(7 New2p | C7 New3p

Following segmentation, 3D volume
was automatically generated for every
MVNT.

For every follow-up MR imaging
examination, we calculated the follow-
ing: number of days since the immedi-
ately prior and original examinations,
absolute MVNT volume change (in
cubic centimeters) since the immedi-
ately prior and original examinations,
and percentage MVNT volume change
since the immediately prior and origi-
nal examinations.

Statistical Analysis

All statistical analyses were performed
by using R statistical and computing
software (Version 4.0.5; http://www.r-
project.org/). All P values were calcu-

MPR 3D

lated as 2-tailed with significance set at
alevel of P < .05.

Pearson correlation coefficients and
2-tailed P values were calculated between
the number of days since the immedi-
% Delete ately prior examinations and both abso-
lute and percentage volume changes
since the immediately prior examina-
tions. They were also calculated between
the number of days since the original
examination and the absolute and
percentage volume changes since the
original examination. The Wilcoxon
signed-rank test was used to compare median MVNT volumes at
the original and terminal scans.

RESULTS

Forty-eight patients (32 women; median age, 50.5years at the
time of first scan with a range of 10-76 years) underwent a total
of 158 brain MRIs between June 28, 2014, and November 4, 2022.
The median duration between the first and last scan was
15.6 months (interquartile range [IQR], 5.7-29.6 months; maxi-
mum, 6.4 years). The median duration between consecutive scans
was 6.7months (IQR, 3.3-12.4 months; maximum, 4.9 years).
Two patients had confirmed MVNT on histopathology.

Clinically, 1 patient has had new migraines since sustaining a
concussion, and another patient has developed suspected autoim-
mune encephalitis, but neither symptom is suspected to be
related to their MVNT. Otherwise, all patients with initial neuro-
logic symptoms are stable or improving.

All MVNTs were T2- and FLAIR-hyperintense on every ex-
amination (Fig 2). None were intrinsically T1-hyperintense, and
none demonstrated enhancement after contrast administration
on both baseline and follow-up studies. None exhibited true re-
stricted diffusion (ADC hypointense and DWI hyperintense), but
77% (37/48) exhibited T2 shinethrough (ADC and DWI both
hyperintense) on the baseline MR imaging. The most common
location was the frontal lobe (35.4%, 17/48), closely followed by
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calculated. Across all 48 individual
patients, the median MVNT volume on
the original scan was 0.40 cm® (IQR,
0.16-0.77 cm®), while the median MVNT

éE’, 2o Ce volume on the last scan was 0.34cm’
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§ ’ based on qualitative evaluation of serial
o * . imaging. However, there remain no
~ publicly available guidelines regarding
40- - . surveillance imaging of a newly diag-
B ¥ = Days Since Prigr'écan = nosed MVNT. As of 2021, MVNT is

FIG 4. Days since prior scan versus absolute (A) and percentage (B) volume changes since the
prior scan across 110 follow-up scans. Note the trendline (blue) with the 95% confidence interval

(gray areas).

the parietal lobe (33.3%, 16/48). Other locations were the tempo-
ral lobe (10.4%, 5/48), cerebellum (8.3%, 4/48), and occipital lobe
(6.3%, 3/48). Three MVNTs were in both the frontal and parietal
lobes. No lesion had any mass effect. The most common indica-
tions for the original examination were headache (33.3%, 16/48),
seizures (10.4%, 5/48), and dizziness (10.4%, 5/48).

All MVNTs were read as stable by the neuroradiologists inter-
preting the scan. For every follow-up brain MR imaging (n = 110)
for all subjects (n=48), the MVNTs were manually segmented
(Fig 3) and the absolute and percentage changes in volume from
the immediately prior scan as well as from the original scan were

officially classified as a WHO grade 1 tu-
mor, which only increases the need for
consensus follow-up guidelines to avoid
exposing patients to unnecessary imag-
ing examinations and stress regarding
their new diagnosis. We provide quantitative evidence, based on
volumetric segmentation across all follow-up examinations of
patients with MVNT, that there is no significant change in tumor
volume between consecutive examinations or between any indi-
vidual follow-up examination and the initial examination.

In addition to volumetric stability, our other results agree with
the larger retrospective studies in the existing literature, most of
which are based on only qualitative assessment. By far, the single
most common symptom in our cohort was headache, as in
Alsufayan et al’ and Nunes et al,” though like those analyses, we
also had multiple patients initially imaged for seizures. Although 7
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With respect to surveillance imag-
MVNTSs
themselves are benign and, as we have

ing suggestions, because
shown, do not change in volume, fol-
low-up imaging should be targeted to
rule out other entities in the differen-
tial diagnosis. In the literature, other
considered diagnoses most commonly
have included DNET,” focal cortical dys-

-0.25- -

Absolute Volume Change Since First Scan (cm3)
L)
L)
e
L
-
-
L]

1000 1500
Days Since First Scan

o-
%)
S-
(<)

40-

20~ ° ° L .

. plasia, low-grade glioma,* and enlarged
° perivascular spaces.”

Many of these lesions should be dis-
tinguishable on a single study alone
and do not necessarily merit follow-up
solely to differentiate them from an
MVNT. Perivascular spaces should not
be hyperintense on FLAIR and are typi-
cally found in areas of perforator vessels.
DNETs are located in the cortex, demon-

2000 strate a relatively brighter rim of FLAIR
signal, often have calcifications, and
present symptomatically with seizures
at a young age."” Focal cortical dyspla-
sia type IIb often has a characteristic
transmantle sign of T2 FLAIR hyperin-
tensity extending linearly between the
ventricle and cortex and has cortical
thickening not seen in MVNT.'® Most
low-grade gliomas should be distin-
guishable from MVNT on imaging,
but there may be diagnostic confusion
-~ in cases of large-sized MVNTSs or small
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°
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FIG 5. Days since first scan versus absolute (A) and percentage (B) volume changes since the first
scan, across 110 follow-up scans. Note the trendline (blue) with the 95% confidence interval (gray

areas).

of the initial 10 cases of MVNT were found in the temporal lobes,’
the literature suggests that these lesions are most commonly found
in the frontal and parietal lobes, as in our study.””®* MVNT signal
characteristics in our cohort also are in consensus with the litera-
ture: All of our MVNT cases showed T2 and FLAIR hyperinten-
sity and Tl iso- or hypointensity. None of our lesions
demonstrated contrast enhancement, though there are very scant
reports of contrast enhancement in existing studies.” Finally, none
of our cases showed true restricted diffusion, though most showed
T2 shinethrough, highlighting the need to scrutinize ADC maps
in these cases.
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. gliomas. In this case, differentiating
low-grade gliomas from MVNTs even
with serial imaging may be difficult or

o require extensive follow-up because
certain subgroups of WHO grade 1 or
2 gliomas show very slow progression
across several years. In this specific
scenario, consultation with neurosur-
gery colleagues is appropriate.

For incidentally discovered MVNT,
we propose a follow-up MR imaging
with contrast at approximately 6 months
to 1 year. Further follow-up can be per-
formed with annual MR imaging with-
out contrast for an additional 2-3 years, and, after that, imaging
intervals can be increased to 3-5years based on patient comfort
level. Of course, individual clinical circumstances may merit more
frequent imaging.

We believe no further contrast is needed after a stable follow-
up contrast-enhanced examination. The primary utility of surveil-
lance imaging then becomes recognizing slow increases in size;
contrast is unnecessary and introduces needless risk. Although the
nephrogenic systemic fibrosis incidence has decreased due to a
switch to macrocyclic gadolinium-based contrast agents,'” there is
now increased attention given to gadolinium deposition in the



brain.'® While studies suggest that macrocyclic agents are less
likely to cause noticeable MR imaging changes even in patients
with moderate renal dysfunction,'® postmortem studies show dep-
osition in the brain even with macrocyclic agents.”® Although the
clinical significance of gadolinium deposition remains unclear,
administering unnecessary contrast should be avoided.

The psychological effects of a delayed diagnosis of benign-ver-
sus-malignant tumors should not be underestimated, particularly
now that MVNT is officially a WHO grade 1 tumor. Patients
with malignant brain tumors are significantly more likely to
report posttraumatic stress disorder symptoms than patients with
benign tumors.*' In women with a breast mass awaiting biopsy,
all patients exhibited elevated stress-related biomarkers and anxi-
ety symptoms, but women diagnosed with a benign tumor
returned to a normal baseline while women with a malignant di-
agnosis did not.** A stable first follow-up scan at 7-12 months
should reassure the patient about a benign MVNT diagnosis.

Limitations of our study include the lack of histopathologic
confirmation of MVNT cases, because only 2 subjects underwent
biopsy. Unfortunately, lack of pathology is a problem common to
all large MVNT analyses,5 78 because the lesions have now been
recognized as “touch me not” and, therefore, do not undergo bi-
opsy unless there is considerable doubt regarding the diagnosis.
Second, natural limits on the precision of manual segmentation
provide another source of error, particularly given the small vol-
ume of many of our lesions. For example, an increase from 0.05 to
0.06 cm® is a 20% increase in volume, but it, more than likely, is
within segmentation error. Similarly, differences in scanners may
provide heterogeneity across scans of the same lesion, producing
small changes affecting segmentation volume. Although our quan-
titative results align with qualitative observations of other studies,
we did not test intra- or interobserver agreement for the manual
segmentations. In a similar vein, the single-institution nature of
this study is another inherent limitation, and a multi-institution
quantitative analysis would add even more strength to our
conclusion.

CONCLUSIONS

Volumetric assessment of MVNTSs across serial follow-up brain
MR imaging examinations did not demonstrate any significant
difference in absolute or percentage volume changes from either
immediately prior or baseline scans. Uniform recommendations
regarding surveillance imaging of newly diagnosed MVNTs are
needed, particularly considering the new classification of MVNT
as a WHO grade 1 tumor. However, most of these patients with a
definitive imaging diagnosis can be reassured of a very benign
course, can avoid surgery, and, more important, can be followed
up with less frequent imaging. Moreover, MR imaging follow-up
studies could skip or avoid gadolinium contrast injections.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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