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Differentiating non enhancing grade Il gliomasfrom grade Il gliomas using diffusion
tensor imaging and dynamic susceptibility contrast MRI

Abstract:

Background: Contrast enhancement in a brain tumour MRI isdsfby indicative of a high-
grade glioma. However, a significant proportion mafn-enhancing gliomas can either be
grade Il (GIl) or grade IIl (Glll). Whilst gross t@l resection remains the primary goal,
imaging biomarkers may guide management where suigenot possible, especially for
non-enhancing gliomas. The utility of diffusionns®r imaging (DTI) and dynamic
susceptibility contrast (DSC) MRI was evaluatediiiiferentiating non-enhancing gliomas.

Methods: Retrospective analysis was performed on MRI datenf72 non-enhancing
gliomas, including GII (n = 49) and Glll (n=23) gihas. DTI and DSC data were used to
generate fractional anisotropy, mean diffusivityiahdiffusivity and radial diffusivity as well
as cerebral blood volume, cerebral blood flow ammtransit time (MTT) maps. Univariate
and multi-variate logistic regression along witleamunder the curves (AUC) analyses were
used to measure the sensitivity and specificitynediging parameters. A sub-analysis was
performed to evaluate the utility of imaging paraeng in differentiating between different

histological groups.

Results: Logistic regression analysis indicated that tumealume and relative MTT could
differentiate between GII and Glll non-enhancingglas. At a cut-off value of 0.33, this
combination provided an AUC of 0.71, 70.6% sengjtiand 64.3% specificity. The logistic
regression analyses demonstrated much higher iségsind specificity in the differentiation
of astrocytomas from oligodendrogliomas or ideaéfion of grades within these histological

subtypes.

Conclusion: DTl and DSC imaging can aid in the differentiatioihnon-enhancing Gll and

GllII gliomas, and between histological subtypes.



| ntr oduction:

Gliomas are the most common primary brain tumondsae generally classified as low- or
high-grade. Pre-surgical diagnosis of a gliomgjpsctlly performed using magnetic
resonance imaging (MRI). On post-contrast enhaimoedes, high-grade gliomas (HGG)
generally appear hyperintense due to breakdowibootibbrain barrier, while low-grade
gliomas (LGG) typically do ndt However, several exceptions to this rule exisgrasind
14-45% of non-enhancing gliomas turn out to begigtde and, conversely, some LGG
exhibit contrast enhancemént’! Therefore, accurately grading non-enhancing gloisa
necessary for planning optimal treatment stratéé?és:onventional contrast enhanced MRI
may not be able to differentiate between the vargnades. Although the World Health
Organisation (WHO) has revised glioma classificaiio 2016 laying more emphasis on
molecular markers than grading based on morphabégatures alone, histopathological
diagnoses and clinical management is still prexbleaported using the I-IV grading scale.
While surgical resection is often the first linetadatment for most gliomas, optimal
treatment strategy for patients, including LGGnituenced by several factors including
molecular characterization, location and clinicahptoms®”. The ideal treatment for LGG
is still evolving and varies between different ingtons. Surgical resection is performed to
remove as much of the tumour as safely possiblgetisas for a histological and molecular
diagnosis. If surgical resection is not appropriatepsy is often considered to obtain
histological and molecular diagnosis. Dependinghenmolecular subtype of GlI glioma,
surgery may be followed by radiotherapy and cheeraipy. In Glll glioma, on the other
hand, surgical resection is typically followed Bgeential radiotherapy followed by
chemotherapy, guided by Karnofsky performance stafdl tumour molecular markers. In
the patient group where surgery is not possibleatient declines surgery, MRI features (GlI
versus GlIl) may guide relative frequency of theagimg surveillance, site of potential

biopsy, and further management.

Although final diagnosis is determined using suagjgamples, presurgical diagnosis using
MRI can aid in proper treatment planning. The latidns of conventional imaging for
accurate grading, especially in non-enhancing girhas led to the evaluation of advanced
MRI methods, such as diffusion tensor imaging (DAYl dynamic susceptibility contrast

perfusion-weighted imaging (DSC-PWI) in these c&¥es



DTI has been used to aid in the diagnosis and cairglanning of brain tumours, with mean
diffusivity (MD) or the apparent diffusion coeffemt (ADC) the most common DTI
parameters used. Fan et al. (2006) reported &fisgymti difference in the mean ADC of non-
enhancing LGG and HGB" However, mixed results have been reported witltional
anisotropy (FA), another commonly used DTI paramedme study reported no difference
between LGG and Anaplastic Astrocytord®. Similarly another study, comparing non-
enhancing regions of HGGs with non-enhancing LG@d, not observe any significant
difference in FA value$™ However, some studies have suggested a positiaéomship
between the FA values of LGG and HE&®

DSC- perfusion weighted imaging (DSC-PWI) is a camniy used MRI technique for
grading gliomas and predicting surviVdl It is used to estimate three key parameters gklate
to tumour hemodynamics, namely cerebral blood vel(@BV), cerebral blood flow (CBF)
and mean time transit (MTTY> '® CBV represents the degree of vascular volume in
tumours™”, an important parameter in determining the bialabaggressiveness and grading
of gliomas™” Sahin et al. (2013) suggested DSC-PWI as a fundahtol for evaluating
non-enhancing glioma&" Some studies reported that the relative CBV (rCBfip of non-
enhancing HGG was significantly higher than nonaeming LGG™® ° Another study
reported that maximum rCBV ratios were higher inllAstrocytomas than Gl & Il
Astrocytomad®

Although DTI and DSC have been widely used in grgdjliomas, most published studies
are based on evaluating enhancing tumours, or c@upanhancing tumours to non-
enhancing tumours. In addition, many studies sufi@m a limited patient cohort or have
grouped Gl & Gll (LGG) and Glll & GIV (HGG). Whilghis strategy has some clinical
relevance, differentiation between non-enhancing @hd Glll glioma has proved

challenging®® #* 2 Accurate diagnosis of non-enhancing Gll from Gllibmas as highly

desirable as it helps in proper treatment plannegpecially in cases of diffused tumour
boundaries, risks of comorbidities or when the tumlmcation is such that it cannot be

resected.

Thus, the purpose of this study was to evaluatetiveneconventional MRI, in combination
with DTI and DSC-PWI, can differentiate between +shancing Gll and Gl gliomas.
Since Astrocytomas and Oligodendrogliomas arerdishistological sub-types with different
prognoses and responses to chemotherapy, a sylsianaas also performed to differentiate

between non-enhancing Astrocytomas and Oligodetidrogs. Typically, the differentiation



between oligodendroglioma and astrocytoma is basednolecular markers. As per the
revised WHO guidelines, oligodendrogliomas are gatieed based on classical morphology
as well as presence of IDH gene mutation and 1p¢b@eletion. Astrocytomas, on the other
hand are represented by an abundance of astramitec and IDH mutation, but without

1p/19q codeletion.

M ethods:

Patient population:

This retrospective study was approved by the loeséarch ethics committee at Liverpool
University and the Walton Centre, Liverpool. As pde anonymized pre-existing MRI data
was used, specific patient consent was waived. ddta comprised of pre-existing MR
images of patients with non-enhancing WHO gradearitl grade Ill gliomas, acquired
between January 2006 and January 2017. All pat{@&hts/2, 40 men and 32 women; mean
age, 40 years; age range, 24-67 years) had redbieeednitial imaging based diagnosis from
neuroradiologists, which was subsequently confirrbgdhistology of the biopsy/surgical
samplesBased on histological features and 1p19q statugenis were classified as (Gl or
Glll) astrocytoma or oligodendroglioma as shown Tiable 1. Reclassification of any
previous diagnosis of “mixed grade” or oligo-asytomenas was performed using the revised
2016 WHO central nervous system (CNS) tumour diaasion. All patients had
conventional sequential T1 weighted, T2 weightedl gost contrast T1 volumetric
sequences. DSC-PWI data was available from all &emts while DTI data was only
available from 43 patients as the saved dicom Dathdiles from these patients did not

contain the information about the b values anddtors.

Data acquisition parameters:

The MR data was acquired on clinical 3T scanneesaimg either using the General Electric
(MR 750), Philips (Achieva) or Siemens (Trio) coleso Conventional imaging included T1
weighted, T2 weighted and T1 weighted post contirasiges, followed by DTl and DSC
imaging. FLAIR images were only available infreqtigrior some patients and hence were
not used in the analysis. For DSC imaging, rapidges of the brain were acquired using a
T2* weighted sequence starting 10 s before intrausrnnjection of a standard dose of the
gadolinium-based contrast agent (0.1 mmol/kg bodight) at a rate of 4 mL/s, followed by

a 20 mL continuous saline flush, and continuedafaotal acquisition time of 90 s. Typical



sequence and data acquisition parameters for ehdheoscanners used are shown in

supplementary Table 1.

| mage processing:

The DSC data post-processing was performed usimdiadGE (Nordic Neuro Lab AS,
Bergen, Norway) software. The effects of contrapgtrd leakage were corrected using a
residue function-based methd@ To reduce motion artefacts, motion correction was
performed by rigid co-registration method in therdiclCE software. Automatic
identification of the arterial input function (Alfyas used to select the Aff! and standard
singular value decomposition (sSVD) was used fer deconvolution proces®” for the
computation of parametric maps including CBV, CBid MTT.

The DTI data post-processing was performed usirgg Rbnctional Magnetic Resonance
Imaging of Brain (FMRIB) software library (FSL). Mon, eddy current and susceptibility
artefacts were correctdtf! using FSL, and parametric maps of FA, MD, axidfudivity

(AD) and radial diffusivity (RD) were generated.

To account for the differences in image resoluiod slice thickness from the three scanners
as well as between different sequences, axial Tighted images were initially co-registered
and resampled to the resolution of the DTI and @&ges so that all images had the same

resolution as shown in Figure 1.

A volume of interest (VOI) was generated using thanual segmentation tool in Amira
(Thermo Fischer Scientific, France) software tonsegt the tumour on re-sampled T2
weighted images covering the entire T2 weightedhaigabnormality on each slice. The
segmented tumour volume was confirmed by a neuidomist with over 17 years
experience. The area from all slices was then sumimeompute the VOI (Figure 1). The
same VOIs were then used for DTl and DSC maps. dapumt for the variability in
acquisition parameters from different scanners beveen patients, tumour values were
normalized to the contralateral normal brain. THV€ds were typically generated from each
patient including the tumour, a contralateral V&ilar in volume to the tumour VOI, and a
contralateral white matter VOI to compute the ndineal DSC parameters (rMTT, rCBF and
rCBV). To mitigate for sampling bias and evaluatable tumour regions, the 8aand 16'
percentiles of the rCBV and MD values were measuwvitkin the entire tumour VOI, and
reported as rCBWax and MDyn.



Statistical analysis:

The data were analysed using Statistical PrograrSdacial Science (SPSS) version 24 (IBM,
UK). Quantitative data were represented as mediatatidard deviation (SD). Following
histogram analysis, the data was found to be nomaldy distributed, and hence a non-
parametric Mann-Whitney U test was used to andlyseur volume, normalized T2 (nT2)
signal intensity, DSC and DTI parameters. Compassgere made between Gl versus GlI|
gliomas, astrocytomas versus oligodendrogliomas,I @btrocytoma versus Gll
oligodendroglioma, and GII astrocytoma versus @Haplastic astrocytoma. A p-value of <
0.05 was considered significant for the univaretelysis. A logistic regression analysis was
performed using a backward methodology to deterniiaédest combination of parameters to
differentiate between groups. A leave-one-out crkadslation (LOOCV) analysis was used
to validate the sensitivity and specificity of tbembined parameters. This method employs
a leave-one-subject-out cross-validation procedukghich a single subject is iteratively left
out of the first-stage group analysis. Subsequestlyais is then carried out using the
remaining data, and the procedure is then repéateshch subject.

A receiver operating characteristic (ROC curve)lysis was used to determine the best cut-
off value that provided the highest sensitivity apecificity. The optimal cut-off values for

the ROC analyses were selected depending on thienmaxvalue of the Youden index.

Results:

T2 weighted, T1 weighted post-contrast, FA, MD, ARD, CBV and CBF maps from a
patient with Gll Oligodendroglioma and a patientttwiGlll Anaplastic Astrocytoma are
shown in Figure 2. The median and SD values ofethmrameters for all Gll and GllI

gliomas and for sub-group analyses of histologscdiitypes are shown in Table 1.

On univariate analysis, no significant differencetumour volume, normalised T2 signal
intensity ratio and DSC parameters were observeshas/n in Figure 3 (P > 0.05). The
median FA values were slightly higher in Glll gliasmand the median MD values slightly
lower in GllI gliomas; however, there was no sigraht difference in any DTI parameters as
shown in Figure 3 (P > 0.05).

The logistic regression analysis showed that theotu volume and rMTT provided the best
combination in separating non-enhancing GlI fronil Gliomas. The ROC analysis showed

that an optimal cut-off value of 0.33 resulted &R%6 sensitivity and 64.3% specificity and



an AUC of 0.71 in differentiating Gll and Glll gleas as shown in Figure 4. The “leave-
one-out” cross-validation resulted in 67.4% sewgjtiand 69.9% specificity to differentiate

between Gll and Glll gliomas. The ROC analysedlidha parameters are shown in Table 3.

Since oligodendrogliomas are histologically diffegr&om astrocytomas, a subgroup analysis
was also performed to determine if the imaging petars were able to differentiate between
astrocytomas and oligodendrogliomas. In additiorsuh-analysis was also performed to
differentiate between GIl and GllI in these histpt@al subtypes. Specifically, differences
between GllI astrocytoma (n=27) from oligodendragiéo (n=22), GIll astrocytoma (n=27)
from GIlIl anaplastic astrocytoma (n=20); and asttomas (n=47) from oligodendrogliomas
(n=25), were analysed. The results from logistgression analysis, ROC curve and cross-
validation results are shown in Table 4, which diedemonstrate the utility of different DTI
and DSC parameters in separating these histologlts/pes with a much higher sensitivity

and specificity.
Discussion:

Whilst univariate analysis did not demonstrate i$iggmt differences between non-enhancing
Gll and GllI gliomas, logistic regression analysigygests that both DTl and DSC imaging
may play an important yet complimentary role indicéng the grade of non-enhancing
gliomas. When the data was separated between geasdesll as histological subtypes of
astrocytomas and oligodendrogliomas, the utilityDdfl and DSC parameters was more
evident (Table 4).

Fractional anisotropy (FA), a quantitative index feater molecular anisotrop§/" provides
information about the microstructural organisatafrthe brain tissue and has been shown to
detect microstructural heterogeneity in the braiue do the presence of a tumour. A non-
significant but higher FA was observed in Glll nemhancing gliomas in comparison to GlI
gliomas in the present study. This is in agreemetit previous studies reporting higher FA
in HGG relative to LGG™ *? but are contrary to the study by Shan, W. et28117), which
reported higher FA in LGG™®. The apparent discrepancy between our findings taisd
study may be due to the fact that in Shan, W'sysaldLGG (GI and GIl) were compared
with HGG (GIIl and GIV) which included both enhangiand non-enhancing tumouid,
while in our study, only Gll and Gl non-enhancigliomas were included. The higher FA
values observed in Glll gliomas in our study maydue to an increase in the degree of
directionality of water diffusion resulting fromdecrease in extracellular volurft&, or that

the tumour invasiveness (abnormality observed inwEighted images used for the VOI)



included some of the normal brain tissue, which rhaye contributed to increased FA
values. The lack of significant differences in FA valuesaur study may be due to a purely
non-enhancing cohort, whereas previous studies éidtver combined all LGG (G1+Gll) and
all HGG (GIlI+GIV) tumours® or included enhancing and non-enhancing gliofths

MD, has been shown to be sensitive to cellulabggema, and necrosié!. Although one
study reported significant differences in MD valbesween LGG and HGE), another study
reported no significant differendd. Similar to this finding, we observed a lower Imatn-
significant MDy,n value in Glll, probably reflecting the higher tuorocellularity in Glli

gliomas.

The rCBV value serves as an important DSC paranrefegcting tumour haemodynamic
properties and has been used for the assessmamnofir vascularity™®. Previous studies
reported that the rCB¥., of HGG was significantly higher than LG&> %, However,
another study found no significant difference irBKCbetween LGG and HG&', similar to
our observations. The discrepancies between odinfijs and previously published papers
may be due to the heterogeneity of the tumoursided (enhancing versus non-enhancing),
the VOI used (we analysed the entire tumour whol@es previous studies have only focused
on the tumour core¥’, or that we included both astrocytomas and obgaliogliomas,
which are two distinct histological subtypes wittifetent sensitivities to chemoradiation
therapy. rMTT reflects the time for the contrastusao transit through a vessel or tissue of
interest®®. A previous study reported that the MTT values evanable to discriminate
between glioma gradd¥!. Although we observed similar results when unatrianalyses
were used, logistic analyses indicated that theotumaolume along with rMTT provided the
best combination in separating Gll from Glll noriancing gliomas. Whilst tumour volume
by itself does not reflect tumour biology, the tedaly higher tumour volume in GllI gliomas
may be due to the fact that more malignant tuma@ues rapidly proliferating due to the
presence of higher hypoxia, which mediates neoegggiesis and invasion, which in turn
may lead to larger tumours. As the univariate agialgid not demonstrate any significant
difference in tumour volume between GIl and Glllogtas, it does not seem to be an
independent parameter in the prediction of tumaadg.  Glll gliomas demonstrated a
lower (faster) rMTT, which may reflect higher vakoupermeability due to extended
endothelial cell gaps, incomplete basement membaiaddack of pericyte or smooth muscle
layering in the higher-grade tumours than GII glasm Although the logistic regression
analyses demonstrated significant differencessémesitivity and specificity were modest. A
potential reason for the moderate separation mag baen due to the fact that it is not just



the malignancy grade (which is defined by mitose] density and necrosis), but also the
cell type and vascular structure, as well as theetje phenotype, that can impact on the
tumour growth and its subsequent response to thetaplusion of both astrocytomas and
oligodendrogliomas in the GIlI and Gl tumours imrostudy, which are histologically

different may have masked the differences in thaesueed parameters.

While comparing distinct histological subtypes,rasytomas from oligodendrogliomas, we
observed that FA and RD provided the best comlinat separate these tumour types with
much higher sensitivity and specificity and AUC wed (Table 4), which may indicate
increased myelin disintegration and axonal damagesirocytomas than oligodendrogliomas.
The absence of significant differences in any pa&tamusing univariate analysis may be due
to the fact that each group included both GlI and @@mours, which may have averaged out

the differences due to tumour grade.

We therefore did a further analysis within the sagn@de and compared Gl astrocytoma
with Gll oligodendrogliomas. We observed that higR® and rCBF in Gll astrocytomas
provided the best combination to separate these dgwoaps (Table 4). Higher RD is
suggestive of myelin disintegration and axonal dgena Gll astrocytoma. In addition, lower
rCBF in Gll oligodendroglioma may be due to thesgiece of a dense but inefficient network
of branching capillaries resembling chicken wireGH oligodendrogliomas. Similarly, when
we compared within the same histological subtypeé Ibetween different grades (Gl
astrocytoma versus Glll anaplastic astrocytomajowr volume, FA, MD, rCBF and
rCBVnmax provided the best combination in separating betwteem with an AUC of 0.88,
sensitivity of 83.4% and specificity of 62.5 (Talflg This could be a consequence of rapid
tumour growth, increased tumour cellularity, in@ean the degree of directionality of water
diffusion and increased tumour vascularity in Gl$trocytoma. Though the patient numbers
were smaller in the sub-analyses, these resultgestithat when a histologically homogenous
group of patients are compared, diffusion and #ofu imaging parameters can provide

complementary information and help in differentigthon-enhancing gliomas.

Study limitation include a relatively small numbar patients within each histological sub-
type, (especially for the DTI data). There wereyo8I patients with non-enhancing GllI
oligodendrogliomas, preventing us from investigatthe difference between Gl and Glli
oligodendrogliomas. Future studies on a largerepatcohort and a prospective study is

needed to validate our findings.



Conclusion:

In conclusion, these studies indicate that DTl BXC-MRI complement standard structural
MRI sequences in differentiating between non-enimgnGll and Glll gliomas. Both DTI

and DSC-MRI based parameters demonstrated sigmifexdded value in differentiating non-
enhancing histological subtypes including astrocye from oligodendrogliomas, Gl
astrocytomas from GIl oligodendrogliomas and Gltr@asytomas from anaplastic (GlII)

astrocytomas. However, these studies need to mated in a larger cohort.
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Figure Legends:

Figure 1: Left, original T2, FA and CBV images (A) and aftesampling to match the
resolution of CBV maps (B). Right, representatimour VOI (blue) overlaid on a resampled

T2 image that was used to analyse the tumour data.

Figure 2: T2 weighted images from a patient with a non-echanGll oligodendroglioma (A)
and an anaplastic astrocytoma GlIl (B). The tunrempears hyper-intense on T2 weighted
images. In A, the tumour is located in the left pemal lobe, while in B the hyperintense lesion
on T2 is centred within the left insular cortexsRoontrast T1 weighted images, CBV and CBF
maps show the location of the tumour (blue arro@syresponding FA, MD, AD and RD maps

from both the patients are shown in the lower rows.

Figure 3: Box plots of tumour volume (A, ¢ normalised T2 signal intensity (B, SI), rCRV
(C), rCBF (D), FA (E), MGyin (F, x10°mn¥/s), AD (G, x10°mn¥/s), RD (H x10° mn/s) from
Gll and GIIlI gliomas. The bottom and top lines tietbox demarcate the 25th and 75th
percentile respectively, while the line inside thex is the median, { ) is the mean and (*)

denotes outliers. The whiskers show the 5th ankd Pétcentile

Figure4: ROC curves for Gll and GlIl non enhancing gliomas.



Table 2: Median and standard deviation values of tumounma (TV, cm), normalised T2
signal intensity ratio, DTI and DSC parameters &t and Glll gliomas and for sub-group
analysis.

Paramete Gll Gl Gll Gl Gl Gl
rs A oD AA AO
TV 16.71+22. 25.55+23. 14.84+25 17.54+18.92 30.45+24 18.72+9.81
62 56 .58 .45
nT2 1.64+0.43 1.62+0.41 1.58+0.3 1.77+0.47 1.67+0.4 1.36%0.10
8 1

FA 0.10+0.04 0.12+0.05 0.10+ 0.10+0.03 0.11+0.0 0.15+0.00
0.04 6
MD min 1.0+2.5 1.1+2 1.0+3.2 1.1+1.8 1.1+2 0.8+0.1

AD 1.0+0.25 1.5+0.35 1.6+0.28 1.5+0.21  1.7+0.33 1.1+0.22

RD 1.0+0.28 1.2+0.35 1.3+0.32 1.2+0.21 1.4+0.34 0.940.1

rCBVmax 2.11+£0.92 2.12+0.95 1.92+ 2.32+0.95 2.04+0.8 2.17 +0.45

0.91 6

rCBF 0.94+0.42 1.09+1.88 1.08+0.7 0.92+0.69 1.04+1.9 1.66*1.27
2 6

rMTT  0.91+0.51 0.85+0.38 1.02+0.5 0.91+0.53 0.88+0.3 0.55%0.19
9

A=Astrocytoma, OD= Oligodendroglioma, AA= Anaplasfistrocytoma and AO= Anaplastic

Oligodendroglioma, nT2 = normalised T2 signal isignratio, MDyin, AD and RD values (x10
3
mne/s)



Table 3: ROC curve analysis for the parameters analysddferentiate between Gll and GllII
non-enhancing glioma. Cut-off values, specificibgaensitivity were selected based on the

GllI versus GllI
Parameter Cut- Sensitivity Specificity AUC Cl
off % %

TV + rMTT 0.33 70.60 64.30 0.71 0.55-0.86
nT2 1.69 41.20 64.30 0.48 0.30 - 0.66
rCBV max 1.79 82.40 50.00 0.53 0.36-0.71
rCBF 1.49 35.30 82.10 0.53 0.35-0.71
FA 0.11 64.70 67.90 0.61 0.44 -0.79
MD min 1.00 76.50 32.10 0.47 0.30 - 0.64
AD 1.61 47.10 64.30 0.47 0.29 - 0.66
RD 1.31 47.10 64.30 0.45 0.27 -0.63

maximum value of Youden index.

Alr{ncztz Area under the Curve and Cl: confidence iréérMDy,, AD and RD values (xId
mn/s)



Table4: Summary results from logistic regression analyRIOC curve and “leave-one-out”

cross-validation for the subgroup.

ROC curve LOOCV
Group LRA Results results
parameters| Sensitivity | Specificity| AUC Sensitivity Specificity
% % % %
Gll Astocyotma nT2, RD
VS & rCBF 85% 64.3% 0.78 64.2 93.1
Oligodendroglioma
TV, FA,
Gll vs GllI MD min 68.8% 92.9% 0.88 83.4 62.5
Astrocytoma & rCBF
Astrocytoma
VS FA & RD 87.5% 50% 0.69 82.6 32.7

Oligodendroglioma

AUC: Area under the Curve, LRA: Logistic regressamalysis, TV: Tumour volume, LOOCV:

Leave-one-out cross validation.



Table1: Summary of the number of patients, grade and pathology

Grade Pathology Number of Totd
patients
Grade Il Astrocytoma 27 49
Oligodendroglioma 22
Grade 11 Anaplastic Astrocytoma 20 23

Anaplastic Oligodendroglioma 3
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Abbreviation List:

ADC =

AUC =

AD =

AlF

CNS =

CBF =

CBV =

Cl =

DTI =

DSC =

VOl =

WHO =

Apparent Diffusion Coefficient
Areaunder the Curve
Axial Diffusivity
Arteria Input Function
Central Nervous System.
Cerebral Blood Flow
Cerebral Blood Volume
Confidence Interval
Diffusion Tensor Imaging
Dynamic-Susceptibility Contrast
Fractiona Anisotropy
Functional Magnetic Resonance Imaging of Brain
High-grade Glioma
Low-Grade Glioma
Logistic Regression Analysis
Leave-One-Out Cross Validation
Mean Diffusivity
Mean Transit Time
Magnetic Resonance Imaging
Perfusion Weighted Imaging
relative
Radial Diffusivity
Receiver Operating Characteristic
standard Singular Value Decomposition
Tumor Volume
Volume Of Interest
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