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Background. Diffusion kurtosis imaging (DKI) allows for assessment of diffusion influenced by microcellular structures.
We analyzed DKl in suspected low-grade gliomas prior to histopathological diagnosis. The aim was to investigate if
diffusion parameters in the perilesional normal-appearing white matter (NAWM) differed from contralesional white
matter, and to investigate differences between glioma malignancy grades Il and lll and glioma subtypes (astrocyto-
mas and oligodendrogliomas).

Patients and methods. Forty-eight patients with suspected low-grade glioma were prospectively recruited to this
institutional review board-approved study and investigated with preoperative DKl at 3T after written informed consent.
Patients with histologically proven glioma grades Il or Il were further analyzed (n=35). Regions of interest (ROIs) were
delineated on T2FLAIR images and co-registered to diffusion MRI parameter maps. Mean DKI data were compared
between perilesional and contralesional NAWM (student’s t-test for dependent samples, Wilcoxon matched pairs
test). Histogram DKI data were compared between glioma types and glioma grades (multiple comparisons of mean
ranks for all groups). The discriminating potential for DKl in assessing glioma type and grade was assessed with receiver
operating characteristics (ROC) curves.

Results. There were significant differences in all mean DKI variables between perilesional and contralesional NAWM
(p=<0.000), except for axial kurtosis (p=0.099). Forty-four histogram variables differed significantly between glioma
grades Il (n=23) and Il (n=12) (p=0.003-0.048) and 10 variables differed significantly between ACs (n=18) and ODs
(n=17) (p=0.011-0.050). ROC curves of the best discriminating variables had an area under the curve (AUC) of
0.657-0.815.

Conclusions. Mean DKl variables in perilesional NAWM differ significantly from contralesional NAWM, suggesting al-
tered microstructure by tumor infiltration not depicted on morphological MRI. Histogram analysis of DKI data identifies
differences between glioma grades and subtypes.
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Introduction

Gliomas are neoplasms arising from neuroglial or
precursor cells. Neuropathological classification
is based on dominant cell type, malignancy grade
atypia (I-IV), cell density, mitosis, endothelial pro-
liferation, necrosis and genetic tumor properties.!?
Astrocytomas (ACs) and oligodendrogliomas
(ODs) are the most prevalent histological glioma
subtypes. Neuropathologically glioma grade II dif-
fers from grade III primarily based on cell density
and proliferation and may present with similar
imaging patterns on morphological Magnetic reso-
nance imaging (MRI), showing high signal inten-
sity on T2-weighted images. Grade II and III glio-
mas typically do not display necrosis or ring-like
contrast enhancement as do gliomas grade IV.>®

Imaging is an important tool in the preopera-
tive evaluation of suspected low-grade gliomas
as well as monitoring of treatment response and
follow-up. MRI, that is non-invasive except for
administration of contrast agent, is used to assess
tumor extension but also to evaluate tumor hetero-
geneity and to identify higher-grade areas within
low-grade tumors, preoperatively or as a sign of
progression. Low-grade gliomas are associated
with a more indolent clinical course compared
to high-grade gliomas. The clinical course varies
within the group of low-grade gliomas where ODs
have a slower growth than ACs.%” Accurate preop-
erative radiological diagnosis is of special interest
when tumors are located in or adjacent to eloquent
areas because the time to surgery and neuropatho-
logical diagnosis might be prolonged in such cases.
MRI also plays an important role in the follow-up
of gliomas that are primarily not suitable for gross
tumor resection.®

Gliomas have an infiltrating growth pattern in
the white matter®!?, exemplified by their ability to
grow in cranial nerves.!! Tumor infiltration is com-
monly assessed by morphological T2-weighted im-
ages where the high tumor signal defines the outer
borders of the tumor.!? This concept of evaluating
glioma growth through morphological MRI has
been challenged by studies showing infiltrative
growth in gliomas not perceived on T2-weighted
images.!3!** Studies have shown tumor growth up
to several centimeters outside the morphological
T2-boundary on MRL*! Jenkinson et al., found
that ODs with intact 1p19q were more likely to
show an infiltrating growth pattern despite having
more sharp edges towards the surrounding brain
on T2-weighted MRIL'" Perilesional microscopic
tumor infiltration that is not visualized on mor-
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phological MRI may give rise to local tumor recur-
rence also in patients operated with radiologically
radical tumor resection. Therefore, a better method
for preoperative glioma border evaluation than T2-
weighted signal changes is warranted.

Water diffusivity, the random motion of water
molecules, in particular non-Gaussian, reflects tis-
sue microstructure, in for example cellularity and
edema.!” Diffusion kurtosis imaging (DKI) is an ex-
tension of diffusion tensor imaging (DTI) and pro-
vides quantitative information about how tissue
water diffusion deviates from a normally distrib-
uted diffusion.’®” DKI quantifies excess kurtosis,
but also directional diffusivities from DTI and as
such gives a more comprehensive analysis of tissue
diffusion properties.?’ Recently, histological evalu-
ation and quantitative microscopy was used to
show that high kurtosis in tumors is associated to
both intra-voxel heterogeneity in cell density and
high cell eccentricity.?!

A limited number of studies have investigated
DKI in gliomas (grade I-IV).17?22> Previous DKI
studies have focused on the evaluation of dif-
ferences in mean DKI parameters between low-
grade gliomas (grade I-II) and high-grade gliomas
(grade III-IV)?>?5, while comparisons between spe-
cific grades or glioma subtypes have been limited.
Glioma grade has also been evaluated by perfusion
MRI with only a few studies showing differences
between glioma grade II and grade III, and that by
applying a histogram based approach.?>-2

The aim of this prospective study is to inves-
tigate if diffusion parameters in the perilesional
normal-appearing white matter (NAWM) differ
from contralesional NAWM, and to investigate the
role of DKI histogram analysis in discrimination
between glioma malignancy grades (grade II vs.
grade III) and glioma subtypes (AC vs. OD) in a co-
hort of patients with suspected low-grade gliomas.

Patients and methods

Forty-eight patients (> 18 years) with clinical and
radiological suspected low-grade gliomas were
prospectively recruited during 2010-2014. A pa-
tient suspected of having a low-grade glioma had
an intra-axial brain lesion with high signal inten-
sity on T2-weighted images with none or minimal
contrast enhancement on morphological MRIL
Ring-like contrast enhancement or areas of ne-
crosis were exclusion criteria. The study was ap-
proved by the local ethics committee (regional ethi-
cal review board in Uppsala (Dnr 2010/015)) and
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was therefore performed in accordance with the
ethical standards laid down in the 1964 Declaration
of Helsinki and its later amendments. All patients
(n = 48) gave written informed consent before tak-
ing part in the study.

Imaging was performed preoperatively ona 3 T
MRI scanner with a 32-channel head coil (Achieva,
Philips Healthcare, Best, the Netherlands) with
morphological and diffusion sequences (Figure 1).

Morphological MRI included axial T2FLAIR
(TR/TE 11,000/125ms; 90 degree flip angle; 512 x 512
matrix; 0.45 x 0.45 x 6.00 mm3 voxel size) and T1-
weighted spin echo sequences (TR/TE 600/10ms; 70
degree flip angle; 512 x 512 matrix; 0.45 x 0.45 x
5.00 mm? voxel size) before and after gadobutrol
contrast agent administration (Gadovist®, Bayer
Schering Pharma, Berlin-Wedding, Germany).
Morphological MRI sequences not assessed in
this study were sagittal and axial T2-weighted
turbo spin echo, coronal T2FLAIR, and sagittal T1-
weighted 3D turbo field echo after contrast agent
injection.

DKI was acquired with a SE-EPI sequence, and
the following scan parameters were used: TR/TE
5,400 ms/76 ms; 27 slices with a thickness of 2 mm;
SENSE = 2; 128 x 128 matrix; FoV 256 x 256 mm?;
15 diffusion encoding directions, with b = 0, 500,
1,000, 2,500, and 2,750 s/mm?, for a total scan time
of 6 minutes. Selection of b-values was based on the
protocol optimized by Poot et al.?’ Post-processing
was performed using in-house developed soft-
ware, implemented in Matlab (The Mathworks,
Natick, MA, USA). Motion and eddy current dis-
tortions were corrected by an extrapolation-based
procedure that has superior performance for high
b-value dMRI compared to the conventional meth-
od of registering to the volume acquired with b =
0%, available at https://github.com/markus-nilsson/
md-dmri. In this process, images were smoothed
using 3D Gaussian kernel with a FWHM of 2 mm.
This smoothing was performed to reduce the num-
ber of model misfits. The spatial smoothing was
kept to a minimum by the conservative choice of
kernel width. DTI parameter maps of mean dif-
fusivity (MD) and fractional anisotropy (FA) were
calculated based on volumes acquired with b <
1,000 s/mm?. The mean of the kurtosis tensor (MK)
was calculated as described by Latt et al3!, and
Hansen et al.

Axial T2FLAIR images were co-registered to
Mean Diffusivity maps with the SPM8 toolbox
(www fil.ion.ucl.ac.uk/spm) using normalized
mutual information with 7t-order B-spline inter-
polation. Co-registered images were visually as-
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FIGURE 1. MRI in a patient with an oligodendroglioma grade Il in the right frontal
lobe, non-smoothed images. (A) T2FLAIR, (B) Axial Kurtosis, (C) Axial Diffusivity, (D)
Radial Kurtosis, (E) Radial Diffusivity, (F) Mean Diffusivity, (G) Fractional Anisofropy,
color coded, (H) Mean Kurtosis. Mean, axial and radial diffusivity 10° mm?/sec,
fractional anisotropy, mean, axial and radial kurtosis and fractional anisotropy are
dimensionless.

sessed for correct re-alignment to source images.
Manual Regions of interest (ROIs) placement was
performed blinded to histopathological diagnosis
on non-smoothed T2FLAIR images using in-house
developed software. Increased signal intensity on
T2FLAIR was regarded as tumor.* To avoid arti-
facts, the most superior and the most inferior slice
were excluded from analysis; also chemical shift
artifacts were excluded. Perilesional volume ROIs
were delineated in NAWM one voxel outside the
suspected tumor area on T2FLAIR on three consec-
utive slices, avoiding bulk tumor and gray matter
(74 +43 voxels (mean + SD)). NAWM ROIs were de-
lineated in the contralateral hemisphere white mat-
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FIGURE 2. ROIs in a patient with an oligodendroglioma grade |I.
(A) Total tumor ROI. (B) Peripheral fumor ROI. (C) Central fumor
ROI. (D) Perilesional ROI. All ROls were drawn on non-smoothed
images to increase the precision. ROI = region of interest

ter, lateral to the lateral ventricle (corona radiata)
on four consecutive slices (131 + 37 voxels (mean +
SD)). Three tumor volume ROIs (total tumor, cen-
tral tumor, and peripheral tumor) were delineated
on T2FLAIR as depicted in Figure 2 A-D. Total tu-
mor ROIs were delineated 1 voxel inside the outer
border of the increased signal on T2FLAIR images
(3,087 +£2,102 voxels (mean + SD)) on all slices with
tumor. Peripheral tumor ROIs (1,153 + 595 voxels
(mean + SD)) were delineated one voxel inside the
increased signal on T2FLAIR, one voxel wide on
all slices with tumor. Central tumor ROIs were de-
lineated with a margin of two voxels to the border
of the FLAIR signal changes (1,491 + 1,384 voxels
(mean + SD)). ROIs were then transferred to the
co-registered diffusion maps and diffusion param-
eters (axial, radial and mean kurtosis; axial, radial
and mean diffusivity; and FA) were extracted.

Statistical analysis

Data distribution was analyzed using the normal
probability plot and Shapiro-Wilks W test. Non-
normally distributed data were analyzed with
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non-parametric tests and normally distributed da-
ta were analyzed with parametric tests. Statistical
analysis was performed with Statistica 12 (Statsoft,
Tulsa, OK, USA) software. A p value < 0.05 after
correction for multiple comparisons was regarded
as statistically significant. To test for differences
between mean DKI histogram variables in perile-
sional compared to NAWM, the Student’s ¢ test
for dependent samples was used for normally dis-
tributed data and Wilcoxon matched pairs test for
non-normally distributed data. Descriptive data of
mean DKI variables for tumor grades and subtypes
were calculated with mean and SD. Histograms
with mean, standard deviation, skewness, kurto-
sis, peak height, peak position, 10%, 50* and 90*
percentiles were calculated for all DKI variables in
all ROIs. To adjust for interindividual differences
between patients, ratios were calculated between
tumor ROIs, perilesional ROIs and contralateral
NAWM ROIs. To test for differences in relative DKI
histogram variables between glioma grades II and
III and between glioma subtypes ACs and ODs, a
non-parametric test for multiple comparisons of
mean ranks for all groups was performed with
correction for multiple comparisons with Dunn’s
test in each histogram group (mean, standard de-
viation, skewness, kurtosis, peak height, peak
position, 10%, 50* and 90* percentiles). From the
multiple comparisons analysis, receiver-operating
characteristics (ROC) curves were calculated for
variables with the lowest p-values. The area under
the curve (AUC) and the diagnostic performance
were calculated from ROC.

Results

Forty-eight patients were included in the study.
Thirty-five patients had a postoperative neuro-
pathological diagnosis of AC or OD grades II or
III and data from these 35 patients are presented.
Diagnosis was obtained by neuronavigation-guid-
ed needle biopsy (n = 4), open biopsy (n = 5), or
resection sample (n = 26). The neuropathological
diagnoses followed the 2007 WHO classification of
brain tumors*, based on dominant cell type (AC
or OD), cell density and proliferation (grade II vs.
grade III). Included patients had a neuropathologi-
cal diagnosis of AC II (n =10), ACIII (n=8), OD II
(n =13) and OD III (n = 4). Mean age at diagnostic
imaging was 48 + 15 years (mean * SD).

Significant differences in mean DKI variables
were observed between perilesional white matter
and contralateral NAWM (p = < 0.0000-0.0002) for
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TABLE 1. Results from analysis of perilesional and contralesional normal-appearing white matter

Perilesional NAWM

Contralesional NAWM

Diffusion histogram parameter P
Mean (SD) (n = 35) Mean (SD) (n = 35)

Axial diffusivity 1.26 (0.14) 1.38 (0.13) 0.000182
Radial diffusivity 0.67 (0.10) 0.53 (0.0¢) 0.000001
Fractional anisotropy 0.40 (0.11) 0.55 (0.09) < 0.000000
Axial kurtosis 0.76 (0.07) 0.73 (0.08) 0.099422
Radial kurtosis 1.29 (0.24) 1.63 (0.16) < 0.000000
Mean diffusivity 0.87 (0.07) 0.82 (0.04) 0.000009
Mean kurtosis 0.95 (0.09) 1.06 (0.05) < 0.000000

Student’s t-test for dependent samples (normally distributed data) and Wilcoxon matched pairs test (non-normally distributed data). NAWM = Normal
appearing white matter. Mean, axial and radial diffusivity 10° mm?/sec, fractional anisotropy, mean, axial and radial kurtosis and fractional anisotropy

are dimensionless.

all variables but axial kurtosis (p = 0.0994), with
lower mean and radial kurtosis in perilesional
white matter (Table 1). Fractional anisotropy and
axial diffusivity were lower in the perilesional
NAWM compared to contralesional white matter,
while the mean diffusivity and radial diffusivity
were higher in the perilesional NAWM.

Mean DKI parameters from whole tumor (total
tumor ROIs) are presented in table 2. Mean DKI
variables did not differ significantly between glio-
ma grades II (n=23) and III (n =12) or between ACs
(n=18) and ODs (n =17) (p = 0.10-0.96).

The DKI histogram analysis identified 44 (out of
252) histogram variables (supplementary Table 1A)
that significantly differed between glioma grades II
and IIT (p = 0.0025-0.0476). Ten variables were sta-
tistically different between ACs and ODs (supple-
mentary Table 1B) (p = 0.0110-0.0496). All results
were adjusted for multiple comparisons.

The best discriminating DKI histogram variables
between glioma grades II and Il and between ACs

grade II and III were derived from radial kurtosis
in the peripheral tumor ROI (Table 3). The best dis-
criminating variable between ODs grades II and III
was derived from fractional anisotropy in the pe-
ripheral tumor ROI (Table 3). The best discriminat-
ing variables between ACs and ODs were derived
from MD in central and perilesional ROIs (Table 3).
Results from ROC calculations of the best dis-
criminating DKI variable are presented in Table 3
with ROC figures presented in Figure 3. A full
analysis of the discriminating properties of these
variables is presented in supplementary Table 2.

Discussion

We investigated preoperative DKI in patients with
suspected low-grade gliomas to analyze differ-
ences in DKI parameters between perilesional and
contralesional NAWM and between malignancy
grades and histological subtypes.

TABLE 2. Mean diffusion kurtosis imaging variables in fumor regions of interest (ROI) (mean (SD))

Glioma subgroups: Grade Il Grade Il P Astrocytoma Oligodendroglioma b
n=23 n=12 n=18 n=17

Axial diffusivity (mean (SD)) 1.72 (0.19) 1.81 (0.35) 0.19 1.76 (0.28) 1.74 (0.24) 0.78
Radial diffusivity (mean (SD)) 1.44 (0.20) 1.50 (0.34) 0.52 1.47 (0.31) 1.46 (0.17) 0.71
Fractional anisotropy (mean (SD)) 0.12 (0.03) 0.13 (0.04) 0.22 0.13 (0.04) 0.12 (0.03) 0.10
Axial kurtosis (mean (SD)) 0.47 (0.08) 0.48 (0.06) 0.47 0.46 (0.06) 0.49 (0.08) 0.68
Radial kurtosis (mean (SD)) 0.53 (0.09) 0.53 (0.08) 0.77 0.52 (0.09) 0.54 (0.09) 0.54
Mean diffusivity (mean (SD)) 1.54 (0.19) 1.60 (0.34) 0.71 1.56 (0.30) 1.55 (0.19) 0.96
Mean kurtosis (mean (SD)) 0.50 (0.08) 0.50 (0.07) 0.50 0.49 (0.07) 0.51 (0.09) 0.66

All values are expressed as ratios normalized against contralateral normal appearing white matter. Mean, axial and radial diffusivity 10° mm?/sec, fractional anisotropy, mean,

axial and radial kurtosis and fractional anisotropy are dimensionless.
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FIGURE 3. ROC curves presenting the best discriminating relative DKI histogram
variables between glioma grades (Il and lll) and subtypes (astrocytomas and
oligodendrogliomas). (A) Discrimination between glioma grades Il and Il with the
kurtosis of radial kurtosis in peripheral tumor ROI, AUC = 0.815. (B) Discrimination
between glioma subtypes astrocytoma and oligodendroglioma with the skewness
of mean diffusivity in central tumor ROI, AUC = 0.732. (C) Discrimination between
glioma grades Il and Il in astrocytomas with the skewness of radial kurtosis in
peripheral fumor ROI, AUC = 0.812. (D) Discrimination between glioma subtypes
astrocytoma and oligodendroglioma in gliomas grade Il with the peak height of
mean diffusivity in central tumor ROI, AUC = 0.660. (E) Discrimination between glioma
grades Il and lIl in oligodendrogliomas, with the peak height of fractional anisotropy
in peripheral fumor ROI, AUC = 0.739. (F) Discrimination between glioma subtypes
astrocytoma and oligodendroglioma in gliomas grade il with the kurtosis of mean
diffusivity in perilesional ROI, AUC = 0.657.

AUC = area under the curve; ROC = receiver operating characteristic; ROl = region of interest

DKI parameters in perilesional NAWM differed
significantly from contralesional NAWM. A higher
mean diffusivity and lower fractional anisotropy is
a characteristic diffusional pattern for white matter
tumor infiltration.®® A lower kurtosis in the perile-
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sional white matter supports the rearrangement of
white matter microstructure associated with tumor
infiltration. Lower axial diffusivity reflects a less
organized structure in gliomas compared to nor-
mal white matter structure, and a higher radial dif-
fusivity reflects the non-demyelinating nature of
tumor infiltration.

The perilesional NAWM was defined as the area
outside of the high signal intensity tumor on T2-
weighted images. The high T2-signal correlates to
the area of the tumor but is an inefficient method to
describe less dense cell concentration present in the
periphery of diffusely infiltrating gliomas.!1%1416
Since pure vasogenic edema is rare in suspected
low-grade gliomas we believe that the risk of mis-
classifying tumor infiltration edema for pure vaso-
genic edema in this cohort is small.’?

Our findings that DKI parameters in the perile-
sional NAWM differ from contralateral NAWM can
be interpreted as the presence of peritumoral infil-
tration.! This advantage of DKI over morphological
T2-weighted d images allows for a more exact ap-
preciation of the tumor invasion into the brain pa-
renchyma prior to the planning of surgery and/or
radiation therapy.!? There is accumulating evidence
that the extent of tumor resection in low-grade glio-
mas correlates with improved survival.” The pres-
ence of perilesional infiltration supports the concept
of supratotal tumor resection.® DKI parameters
from the preoperative MRI would thus potentially
be helpful in the pre-surgical/radiation planning.

We identified 44 histogram variables with signif-
icant differences between glioma grades II and III
(supplementary Table 1A). Variables with the low-
est p-value and highest AUC from ROC-analysis
were all derived from the peripheral tumor ROIs
and two out of the three best discriminating vari-
ables were derived from histogram parameters of
radial kurtosis (Table 3). The differences in radial
kurtosis between glioma grades II and III may be
related to structural re-arrangements in micro-
architecture when grade II tumors progress into
malignant gliomas. Our results are in agreement
with those by Raab et al.”’, who found no differ-
ence in mean FA between ACs grade Il and III. Our
results are also in line with a report by Murakami
et al.*, who reported no significant differences in
minimum, average or maximum ADC (MD) be-
tween ACs grades Il and IIL.*° Our data differs from
the recent paper by Jiang ef al.24, who found signifi-
cant differences in mean kurtosis between glioma
grades II and III using a semiautomatic process.
This discrepancy could be attributed to the fact
that the patient cohort in our study only include
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TABLE 3. Resulfs from multiple comparison test and receiver operating characteristics curves in groups and subgroups of gliomas

127

p AUC
Discrimination between glioma grades Il (n = 23) and lll (n = 12)
0.0025 0.8152
The kurtosis of radial kurtosis in peripheral tumor ROI
Discrimination between astrocytoma grades Il (n = 10) and Il (n = 8)
0.0034 0.8116
The skewness of radial kurtosis in peripheral tumor ROI
Discrimination between oligodendroglioma grades Il (n = 13) and Il (n = 4)
0.0066 0.7391
The peak height of fractional anisofropy in peripheral tumor ROI
Discrimination between glioma types astrocytomas (n = 18) and oligodendrogliomas (n = 17)
0.0191 0.7320
The skewness of mean diffusivity in central tumor ROI
Discrimination between glioma types astrocytomas grade Il (n = 10) and oligodendrogliomas grade Il (n = 13)
0.0110 0.6601
The peak height of mean diffusivity in central tumor ROI
Discrimination between glioma types astrocytomas grade Il (n = 8) and oligodendrogliomas grade Il (n = 4)
0.0174 0.6569

The kurtosis of mean diffusivity in perilesion ROI

Mulfiple comparison of mean ranks between groups of glioma grades and types of gliomas with Dunn’s correction for multiple comparisons. AUC = area under the curve.
ROI = region of interest. All values are expressed as ratios normalized against contralateral normal appearing white matter.

suspected low-grade gliomas, possibly selecting
cases of grade III gliomas more similar in radio-
logic appearance and biology than a non-selected
group of gliomas including all four glioma grades
(WHO grade I-1V). In our study cohort, none of
the included patients showed ring like contrast en-
hancement with central necrosis on conventional
MRI, and therefore we were unlikely to include
any cases of gliomas grade IV neuropathologically
misdiagnosed as grade III.

The partition of ROIs into peripheral and central
zones is based on the concept of glioma growth.
Gliomas show infiltrating growth outside the outer
tumor boundaries appreciated on T2-weighted
MRI but tend to recur centrally after radiation ther-
apy, where the cell density is highest.! Infiltration
length outside the T2-hyperintensity has been es-
timated mathematically and confirmed through
biopsy series!” and by en-bloc resections outside
the radiological tumor borders.** Our data confirm
both the concept of differences in biological struc-
ture in the central and peripheral tumor portion of
gliomas, but also the presence of biological micro-
structural changes outside the boundaries appreci-
ated on morphological T2-weighted images.

Ten histogram variables differed significantly
between ACs with ODs (supplementary Table 1B).
The best discriminating variable was derived from
the MD, which showed different skewness, peak
height and kurtosis between astrocytic and oli-
godendroglial tumors. MD measures the average
diffusion between several directions without di-

rectional information. While ACs and ODs share
a common histogenetic origin they differ in their
histological appearances. ACs are recognized
through their neoplastic astrocytes with slightly
elongated nuclei on a background of multiple fi-
brillary dendrites expressing glial fibrillary acidic
protein (GFAP) while ODs display higher cell den-
sity with monomorphic cells with uniformly round
nuclei and perinuclear halos.>** These differences
in extracellular space composition may explain dif-
ferences in MD between ACs and ODs.

MD histograms have previously been used to
discriminate ACs from ODs. In 2007, Tozer et al.*,
differentiated glioma subtypes in a cohort of 27
gliomas grade II by ADC histogram analysis. They
performed the MRI post-biopsy, and in agreement
with our study, mean ADCs could not alone sepa-
rate the different subtypes. In 2009 Bian et al.*?,
and Khayal et al.®, reported on a group of glio-
mas grade II analyzing ADC histograms in non-
enhancing tumor regions and found significant
differences between ODs and ACs for histogram
variables. Our results that the peak height of MD
in central tumor ROI differ between ACs and ODs
grade II are in agreement with Khayal et al.** who
found significant differences in the 75" percentile
of ADC between ACs and ODs grade II. Also in
agreement with our study, Lam et al.*, when as-
sessing 17 glioma patients reported no difference
in mean ADCs between ODs and non-OD. If glial
subtypes could be assessed without the need for
surgery, patients deemed inoperable due to tumor
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location could have a higher probability of receiv-
ing adequate treatment, since ODs have shown
better prognosis and clinical effect when receiving
chemotherapeutics.*

One limitation to our study is the manual defini-
tion of tumor and perilesional ROIs. We minimized
the risk of bias in ROI-delineation by choosing a
method that could easily be standardized between
patients. Therefore we analyzed the whole tumor
area seen as high signal intensity on T2FLAIR. Our
methodology strives to assess the major diffusion-
al properties of gliomas and minimize the risk of
selection bias that may be introduced when small
ROIs are selected. In addition, analyzing small
ROIs may result in large inter-observer variations.
Further, a manually defined ROI reflects a clinical
setting. Another limitation to our study might be
attributed to the limited number of included pa-
tients. Despite this, our cohort of gliomas grades
II and III is equal to or larger than in previously
published DKI studies.!”?

In summary, we investigated histogram DKI
analysis in a prospectively gathered cohort of pa-
tients with suspected low-grade gliomas. We con-
clude that DKI variables in perilesional NAWM
differ significantly from contralesional NAWM,
suggesting an altered microstructure not depicted
on morphological MRI. Further, histogram analy-
sis of DKI data identifies differences between gli-
oma grades II and III and between astrocytomas
and oligodendrogliomas not apparent through
comparisons of mean DKI parameters. Future
glioma studies should analyze the extent of tumor
cell infiltration outside the high signal intensity on
T2FLAIR and correlate DKI-data with co-localized
neuropathological data.
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