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ABSTRACT

Glioma characterized by high morbidity and mortality, is one of the most common brain tumors. The
application of intravoxel incoherent motion diffusion weighted imaging (IVIM-DWI) in differentiating gliome
gradingand IDH1mutation statuswere poorly invegigated. 78 glioma patients confirmed by pathologicaland
imaging methods were enrolled. Glioma patients were measuredusing IVIM-DWI, then related parameter:
suchas cerebralblood flow (CBF)perfusion fraction (f), pseudodiffusivity (D*), and true diffusivity (D), were
derived. Receiveroperating characteristic(ROCurveswere madeto calculate specificity and sensitivity. The
values of CBF1,CBF3D*1, rCBF12, rCBF2, and age in group high-grade gliomas (HGG)were significantly
higherthan that of in group low-gradegliomas(LGG)Thevaluesof CBF1CBF3rCBF12, r(CBF2, D*1, and age
in group IDHI" were significantlylower than that of in group IDHI"'. Thelevelsof D1and f1 were remarkably
higher in the group IDHI" than group IDH. rCBF12 had a remarkably positive correlation with CBF
(r=0.852, p<0.001).f1 showed a markedly negative correlation with CBF1(r= -0.306, p=0.007). IVIM-DWI
presentedefficacyin differentiating gliomagradingand IDH1mutation status.

INTRODUCTION

Glioma, originated from neuroepithelial cells, is the
most common central nervous system tumor. The
prognosis of glioma patients was affected deeply by
tumor resection. Glioma recurrencsually occurs in
the area around the tumor residual cayity3]. It is
difficult to distinguish the boundary between glioma
and normal brain tissue by naked eyes during operation.
Therefore, definition of tumor boundary is very
important[4]. The tumortissuesshould be removed as
much as possible under the premisewdiding damage

of normal brain tissue.

In the past decades, medical imaging technology has
been developed greatly. Medical imaging technology
plays a key role in determining tumor boundary,

observing tumor resection dynamically, and achieving

precise positioning forbiopsy and radiotherapy of
target areas[5]. Currently, the most widely used
imaging technology in neuronavigation is magnetic
resonance imaging (MRI). T1 enhanced scan is often
used as the imaging basis for neuronavigation
resection of glioma. However, most of the lgnade
gliomas (LGG) and 10%- 30% of the higkhgrade
gliomas (HGG) have no enhancement or only a little
enhancement due to the fact that bldwdin barrier is
not completely destroyed6]. It is difficult to
determine the histological margin of the tumor only
based on TWI (T1 weighted imaging) enhancement.
T2WI (T2 weighted imaging)is usually used to
determine the tumor boundary, and it can well display
peritumoral edemal7]. However, it is uncertain
whether there must be tumor cell infiltration in the
peritumoral edem area, which may lead to over
resection of normal brain tissu¢8]. Therefore,
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conventional MRI method have
tumor boundaries, and new
(especially functional imaging)
explored to accurately define
margin.

limitation gefining
imaging techniques
need to be further
tumor histological

Arterial water was used as an endogenous tracer in
threedimensional pseudoontinuous arterial spin
labeling (3D pCASL), which has been widely applied in
disease diagnose and treatm@jt Cerebral blood flow
(CBF) could be detected using 3D pCASL. However,
3D pCASL might be limited by transit time, and the
tumor slow blood flowing might be underestimated by
3D pCASL due to tortuous vessels.

Intravoxel incoherent motion diffusion weighted
imaging (IVIM-DWI) diffusion imaging is one of the
most popular functional MRI imaging techniques in
recent years[10]. The diffusion coefficient of
continuous distribution of micro motion in voxel is
assumed to be two parts, namely D (diffusion
coefficient) and D * (pseuddiffusion coefficient),
which represent slow and fast diffusion, respectively.
f is the perfusion fraction representing the volume
ratio of perfusion effect produced by local
microcirculation to the total volumdgll, 12] At
present, IVIMDWI has been widgl used in
differential diagnosis, grading, and prediction of
survival time and prognosis of brain tumors
[13-15]. However, the application of IVINDWI
and 3D pCASL on gliomas grading has not been
well elucidatel.

Isocitrate dehydrogenasd (IDH 1) catalzes the
production of alph#etoglutarate, and further increase
the level of nicotinamide adenine dinucleotide phosphate
(NADPH). NADPH plays a key role regulaticgll redox
system. IDH mutation (IDHI™) may lead to the
increase of oxidative stress &Y16]. It was reported that
IDH1™was found in the 70% LGG patierjts, 18] In
addition, seizure was more likely to occur in the gliomas
patients with IDHT" than IDHL wild-type (IDH1Y)
patients[19]. Therefore, the identification of IDH1 gene
status in gliomas patients might be helpful for tumor
grading and further treatment. Currently, systemically
analysis of IDH. in gliomas patients using IVIM has not
been reported.

In this study, the parameters derived from IVINVI
between group HGG andGG, group IDHI and
IDHI™ were analyzed. ROC analysis of IVIBAWI-
derived parameters in gliomas grade and IDH1 mutation
status was analyzed. This study may provide evidence
for the application of IVIMDWI and 3D pCASL in
glioma grading and IDH1 mutatigpredication.

RESULTS
Patients characteristics

A total of 78 patients (males: 46, female: 32, age range:
1376, average age of males: 49+12, average age
of females: 50+15) were enrolled in this research
(Figure 1). Totally, 26patients were diagnosed as WHO
grade | and grade Il (males:16, females: 10, IDH1+: 16,

Eligible Patients (n=98)

2. With IVIM-DWI imaging;

1. Glioma patients confirmed by histopathological method;

3. Without chemotherapy or radiotherapy during [IVIM-DWI imaging;

Excluded patients (n=20)

A\

Included patients (n=78)

A\

1. No pathological confirmation (n=12);
2. Incomplete imaging data (n=8).

Low-grade glioma, WHO
grade I and grade I1 (n=26)

High-grade glioma, WHO
grade I and grade IV (n=52)

Figure 1. Flowchart of patient exclusion and inclusion criteria.
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IDH1-: 10, age range: 185), 52 cases were diagnosed
as WHO grade Ill and gde IV (males:30, females: 22,
IDH1+: 11, IDH1-: 41, age range: 136).

Interobserver agreement

Good interobserveragreement in terms of D* (ICC:
0.978, 95% CI: 0.916.948), D (ICC: 0.892, 95% CI:
0.8260.922), f (ICC: 0.934, 95% CI: 0.8682896), and

CBF (ICC: 0.884, 95% CI. 0.9168.935) were observed.
Meanwhile, the coefficients of variations of IViM
derived paranters ranged from 6-55.8%.

Comparison of parameter values between group
HGG and LGG

Remarkable differences were observed in some
parameters of IVIM perfusion between group HGG and
LGG (Table 1and Figure 2). The values of CBF1
(141.69+£72.77 vs 75.93x68. ml/min/100g), CBF3
(53.13+10.05 vs 42.94+11.78 ml/min/100g), D*1
(57.69+35.49 vs 49.9+30.38 x¥@in¥/sec), and age
(53.79+13.2 vs 41.92+13.93 yepins group HHG were
significantly higher than that of in group LGG. The D1
value related with diffusion vearemarkably lower in
group HGG than group LGG (0.506+0.34 vs
0.715+0.325 x18mn¥/sec). The values of CBF1 and
CBF3 were normalized to the value dfEBF2
representing the mirror side normal areas, then the
values of rCBF12 and rCBF3 were achieved. The
values of rCBF42 and rCBF2 in group HGG were
markedly higher than group LGG (Table 1). Therefore,
remarkable difference could be observed these
parameters such as CBF1, CBF3, rCBFICBF32,

D1, and D*1 between group HGG and LGG using
IVIM -DWI. No sigrificant difference was found in
terms of gender between group HGG and LGG.

In addition, the differences of parameters derived using
IVIM in tumor parenchyma, peritumoral, and mirror

side normal areas were also analyzed (Table 1). In the

group HGG, signiftant higher values of CBF and D in
tumor parenchyma areas were found compared with
peritumoral, and mirror side normal areas. Meanwhile,
remarkable difference in terms of D* was observed
between tumor areas and other regions. Similar findings
were observedn the group LGG (Table 1). These
results indicate that the difference of gliomas grade and
tumor location could be effectively achieved using
IVIM -DWI.

Comparison of parameter values between group
IDH1™and IDH1™

The gene mutation status of IDH all patients were
measured usingmmunohistochemical method firstly.

Then, IVIM derived parameters between group
IDH1+ and IDH:X were analyzed (Table 2).
The values of CBF1 (100.127+53.092 vs
150.172+35.020 ml/min/100g), CBF3 (46.197+13.134
VS 51.603+10.@8 ml/min/100g), rCBF2
(2.049+1.879 vs 3.116+1.785 ml/min/100g), rCBE3

(1.038+0.567 vs 1.579+0.566 ml/min/100g), D*1
(50.9+16 vs 59.65+13 xInn¥/sec), and age
(45.22:10.297 vs 52.2°#15.837 yeary in group

IDH1™'were significantly lower than that of in group
IDH1"* (Table 2). However, the levels of D1
(0.635+0.206 vs 0.635+0.206 x¥dm?/sec) and f1
(0.4491£0.206 vs 0.356+0.156) were remarkably
higher in the group IDH1" than group IDHY. No
significant differeme was found in terms of gender
between group IDH1"'and IDH1".

Meanwhile, the differences of parameters in tumor
parenchyma, peritumoral, and mirror side normal areas
were also analyzed in both group IDM41and IDHM™,
Significant differences in valgeof CBF, D, and D*
could be found between tumor areas and other regions
(peritumoral and mirror side normal areas). Therefore,
IVIM -DWI might be a promising method to predict
IDH1 gene mutation and evaluation of gliomas
peritumoral diffusion.

In addition the cases distributiom the group HGG,
LGG, IDH1+, IDHI" were analyzed (Table 3). Totally,
41 cases IDH1 patients were found in the group HGG,
only 10 cases IDHY patients in the group LGG.
Meanwhile, 11 and 16 cases IDMY patients were
found inthe group HGG and LGG, respectively (Table
3). The distribution difference was significant indicating
that IDH1 wide type gliomas patients were more likely
to be diagnosed as HGG.

ROC analysis of IVIM-DWI-derived parameters in
IDH1 mutation and gliomas grade

The AUC values of parameters derived from I\ IM
DWI were calculated between group HGG and LGG
(Table 4 and Figure 3). The AUC value of rCBE1
was the highest, 0.861 €B.001) with specificity
94.1% and sensitivity 92.3%. Relative high AUC
values werealso observed in CBF1 (0.818), CBF3
(0.774), rCBF32 (0.773), and D1 (0.816). High
specificity and sensitivity were observed in CBF1
(specificity: 82.4%, sensitivity: 88.5%) and D1
(specificity: 86.9%, sensitivity: 81.2%) (Table 4 and
Figure 3).

The diagnosing efficiency using IDM4 and IDH1™
was also calculated by analyzimmrameters derived
from IVIM-DWI (Table 5 and Figure 4). The CBF1
presented the highest ADU value, 0.892 (P=0.003), with
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Table 1.Comparison of parameter values between group HGG and LGG.

Parameters HGG (n=52) LGG (n=26) P-value
Age (years) 53.79+£13.2 41.92+13.93 <0.001
Gender Male:30, Female:22 Male:16, Female:10 0.745
CBF1 (ml/min/100g) 141.69+72.77 75.93166.81 <0.001
CBF2(ml/min/100g) 44.816114.142 * 50.334+10.635 * 0.083
CBF3 (ml/min/100g) 53.13+£10.05 * 42.94+11.78 * <0.001
rCBF1-2 (ml/min/100g) 3.34+1.79 1.56+1.45 <0.001
rCBF3-2 (ml/min/100g) 1.36+0.73 0.88+0.25 0.002
D1 (x10°mnr/sec) 0.506+0.34 0.715+0.325 0.012
D*1 (x103mmn?/sec) 57.69+15.49 49.9+10.38 0.013
fl 0.389+0.168 0.394+0.204 0.850
D2 (x10°mnr/sec) 0.369+0.244 ** 0.373+0.192 ** 0.946
D*2 (x103mm?é/sec) 38.2+28.4 *** 43.6+39.6 *** 0.491
f2 0.329+0.1146 0.315+0.089 0.591
D3 (x10°mn/sec) 0.29+0.226 ** 0.3446+0.2336 ** 0.358
D*3 (x103mm?/sec) 72.1£58 *** 65.4+27.8 *** 0.584
f3 0.405+0.125 0.412+0.128 0.802

*<0.05 compared with CBF1,<¢0.05 compared with D1, **0.05 compared with D*1.

LGG patient

HGG patient

Figure 2.Images A-H) correspond to a 3year old female with LGG (WHO grade 1l, IDH1mut). Imag@scorrespond to a 4year old
male with HGG (WHO grade IV, IDH1wK)IXThe T1 imag€B, J) The T2 imaggC K) The T2WI imagéD, L) The T1WI+C imagé M) The
CBF map(F, N) The D map(G, O) The D* map{H, P) The f map. (true diffusion coefficientD) perfusionrelated diffusion coefficient: D*;

perfusion fraction: f; cerebral blood flow: CBF).
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Table 2. @mparison of parameter values between grodpHI™ and IDHM.

Parameters IDH1 ™Yt (n=27) IDH1™ (n=51) P-value
Age (years) 45.22¢10.297 52.27%15.837 0.04

Gender Male:16, Female:11 Male:30, Female:21 0.97

CBF1 (ml/min/100g) 100.127+53.092 150.172+35.020 0.005
CBF2 (ml/min/100g) 50.236+12.383 44.7598+13.448 0.083
CBF3 (ml/min/100g) 46.197+13.134 * 51.603+10.408 * 0.02

rCBF1-2 (ml/min/100g) 2.049+1.879 3.116£1.785 0.016
rCBF3-2 (ml/min/100g) 1.038+0.567 1.579+0.566 0.019
D1 (x10°mnv/sec) 0.635+0.206 0.3445+0.166 0.037
D*1 (x103mn¥/sec) 50.9+£16 59.65+13 0.04

fl 0.449+0.206 0.356+0.156 0.029
D2 (x10°mnv/sec) 0.329+0.18 ** 0.392+0.2465 ** 0.241
D*2 (x10mn/sec) 36+39.7 *** 42428 *+* 0.434
f2 0.356+0.096 0.308+0.11 0.057
D3 (x10°mnv/sec) 0.306+0.23 ** 0.313+0.229 ** 0.893
D*3 (x103mn¥/sec) 62135 *** 73.9456.1 *** 0.329
3 0.445+0.115 0.389+0.127 0.056

*<0.05 compared with CBF1,40.05 compared with D1, **#0.05 compared with D*1.

Table 3. Statisticanalysis ofIDHI" and IDHI" cases in the
group HGG and LGG.

Items HGG (n=52) LGG (n=26) X2 P-value
IDHL™ut 11 (14.1%) 16 (20.5%)
IDH1"t 41 (52.6%) 10 (12.8%)

12.49 <0.001

Table 4. Identification of HGG and LGG by IMDW/Iderived parameters.

Parameters AUC Sensitivity (%) Specificity (%) P-value
CBF1 (ml/min/100g) 0.818 88.5 82.4 0.072
CBF2 (ml/min/100g) 0.365 115 3.8 0.054
CBF3 (ml/min/1009g) 0.774 67.3 74.8 0.062
rCBF1-2 (ml/min/100g) 0.861 92.3 94.1 <0.001
rCBF3-2 (ml/min/100g) 0.773 69.2 69.8 0.082
D1 (x10°mnv¥/sec) 0.816 81.2 86.9 0.068
D*1 (x10°mmn/sec) 0.398 56.6 46.6 0.142
fl 0.498 19.8 76.8 0.975
D2 (x10°mnv¥/sec) 0.487 23.1 115 0.853
D*2 (x10°mmn?/sec) 0.455 5.8 3.8 0.521
f2 0.547 40.4 19.6 0.498
D3 (x10°mnr/sec) 0.849 84.6 82.2 0.045
D*3 (x103mn/sec) 0.484 28.8 18.4 0.82

f3 0.461 75 76.4 0.578

specificity 82% and sensitivity 82.4%. Relative high  Correlation  analysis of  IVIM-DWI-derived
ADU values for D1 (0.873,40.001) and CBF30.831, parameters and CBF1

P=0.002) werealso found. The D1 (specificity: 85.5%,

sensitivity: 84.4%) and CBF3 (specificity: 83.9%, The correlation relationship between CBF1 other IVIM
sensitivity: 81.1%) showed good diagnosing efficiency = DWI-derived parameters were analyzed using Pearson
(Table 5 and Figure 4). method (Figure 5). rCBF2 (Figure 5A) had a
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remarkably positive correlation with CBF1 (r=0.852,
p<0.001), and fl1 (Figure 5B) showed a markedly
negativecorrelation with CBF1 (r=0.306, p=0.007).
However, other parameters including CBF3 (Figure 5C)
and D1 (Figure 5D) did not present remarkable
correlation with CBF1.

DISCUSSION

Perfusion has been proved to increase the diagnose
sensitivity of many diseases including glioma. IVIM
DWI and 3D pCASL have been believed to be
repeatable, safe, effective, and convenient to diagnose
and grade brain tumor including glioma though
detectingblood supply[20].

There are many different kinds of parameter maps in
IVIM images. Previous study showed that the
boundaries of tumorperitumoral and normal brain

tissues were clebr defined by D, D* and f[21].
Therefore, the most valuable paramste for
delineation of tumor boundary were selected to guide
clinical diagnosisand treatment. Some parameters
derived from IVIM-DWI such as D*, f, and CBF have
been widely used in the fields of disease predication,
diagnose, and treatmer[0, 22] D* could represent

the incoherent movement of blood in the
microvasculature compartment. In addition, the ratio
of incoherent signal arising from vascular

compartment could be represented by f. Previous
report indicated that IVIM derived CBF and f agree
reasonaly with traditional cerebral blood volume
(CBV) from dynamic susceptibility contrast (DSC)
[23]. CBF, D, rCBF12, and D*1 were effective
parameters to distinguish HGG and LGG (Table 1).
Meanwhile, IDHI™ and IDH1" could be
differentiatel with CBF, rCBF12, D1, D*1, and f
(Table 2).

A CBF1 (HGG vs LGG) B CBF2 (HGGvsLGG) C CBF3 (HGG vs LGG)
1.0 v 1.0 v 1.0 /
0.8 0.8 / 0.8
£ 0.6 £ 06 £ 0.6
= = , = 7
[ Q L
A 0.4 A 0.4 // A 0.4 /
0.2 0.2 il 0.2 /
0.0 - 0.0 0.0
00 02 04 06 08 1.0 00 02 04 06 08 10 0.0 02 04 06 08 1.0
Spefificity Spefificity Spefificity
D fCBF1-2 (HGGvs LGG) E rCBF3-2 (HGGvs LGG) F DI (HGG vs LGG)
/
0.8 0.8 0.8
Z 2 =
5 06 2 0.6 Z 06
= & Z
[5) 5} s
v 04 vl “1 0.4 © 0.4
0.2 0.2 ; 0.2
0.0 | 0.0 0.0
00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 10
Spefificity Spefificity Spefificity

Figure 3. ROC curves of parameters derived from NOM/I between group LGG and HG@). ROC of CBF1 in differentiating LGG
and HGG; B) ROC of CBF2 in differentiating LGG and HGARQC ofCBF3 in differentiating LGG and HGD); ROC of rCBFLin
differentiating LGG and HG@&) ROC of rCBFRin differentiating LGG and HGG) ROC of D1 in differentiating LGG and HGG. (cerebral
blood flow: CBF; the CBF of tumor parenchyma ar€Bét; the CBF of mirror side normal ared3BR; the CBF of peritumoral areaSBB;

rCBF12=CBHR/CBR; rCBF2=CBB/CBR).
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Table5. Identification ofIDHI™ and IDH by IVIM-DW\derived parameters.

Parameters AUC Sensitivity (%) Speciicity (%) P-value
CBF1 (ml/min/100g) 0.892 82.4 82 0.003
CBF2 (ml/min/100g) 0.442 47.8 51 0.515
CBF3 (ml/min/100g) 0.831 81.1 83.9 0.002
rCBF1-2 (ml/min/100g) 0.775 77.4 82 <0.001
rCBF3-2 (ml/min/100g) 0.791 73.7 86.6 0.003
D1 (x10°mn/sec) 0.873 84.4 85.5 <0.001
D*1 (x103mm?/sec) 0.501 23.2 22.8 0.992
fl 0.633 66.7 29.3 0.054
D2 (x10°mn/sec) 0.419 96.3 86.3 0.242
D*2 (x10mm?é/sec) 0.365 98.4 96.1 0.051
f2 0.624 81.5 54.9 0.073
D3 (x10°mn/sec) 0.517 40.7 27.5 0.805
D*3 (x103mm?/sec) 0.45 96.3 88.2 0.469
3 0.631 76.4 39.2 0.058
A . CBF1 (IDH 1" vs IDH1") B . CBF2 (IDH 1"/ ys IDH1"") C - CBF3 (IDH17 vs IDH1"")
0.8 0.8 0.8
£ 0.6 £ 06 5 06
= o =]
A 0.4 A 0.4 A 0.4
0.2 0.2 0.2 //
0.0 . 0.0 0.0
00 02 04 06 08 1.0 00 02 04 06 08 10 00 02 04 06 08 1.0
Spefificity Spefificity Spefificity
D, rCBFI2(DHI™vsIDHI™) E  rCBF3-2(IDHI™ vs IDHI") F |,  DIUDHI™vs IDHI™)
0.8 0.8 0.8
& 2 2
2 0.6 2 06 2 06 4
5 5 5
“ 0.4 // © 0.4 © 0.4
0.2 // 0.2 0.2 il
0.0 // ! ! 1 | 0.0 L7 | | | | 0.0 /
00 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0
Spefificity Spefificity Spefificity

Figure 4. ROC curves of parameters derived from NOM/I between group IDH™' and IDHIM. (A) ROC of CBF1 in
differentiating IDHT" and IDH¥; (B) ROC of CBF2 differentiating IDHT" and IDH¥; (O ROC of CBF3 in differentiating IDH%nd
IDHM; (D) ROC of rCBFRLin differentiating IDH™ and IDH¥; (E) ROC of rCBFBin differentiating IDH1t and IDHY; (F) ROC of D1 in
differentiating IDHT'tand IDH¥. (cerebral blood flow: CBF; the CBF of tumor parenchyma &&&ik; the CBF of mirror side normal areas:
CBR; the CBF of peritumoral area3BB; rCBF2=CBR/CBR; (CBF2=CBB/CBR).
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IVIM has several advantages over traditional MR
perfusion method. A higher resolution could be
achieved by IVIM. Meanwhile, IVIM is believed to be
more sensitive. In addition, the parameters of IVIM are
intrinsically quantitative, and they are sensitive to
vasoconstriction and vasodilatatiof24]. Finally,
definition of tumor boundary on the basis of traditional
MR based on contrast enhanced images is not sdccess
ful in every patient.

A r=0.852, p<0.001
400 1
g’ 3001
k=
g
= 200
g
o
m
© 100 A
0 i
0 2 4 6 8 10
rCBF1-2 (ml/min/100g)
c =0.191, p=0.094
400 7
2 300 | ° o
£ 0 ’
g
= 200 ° o
g ° ° o o
/@ o © © °o,
O 100 A . 80% 0 © o
o o 2 & 3 i oo%
o o %%C%Oog -
0 4
20 40 60 80

CBF3 (ml/min/100g)

IDH1 is believed to be the most frequent mutation site
in glioma. Meanwhile, IDH1 mutations were also found
in the anaplastic thyroid cancer, melanoma, acute
myeloid leukemia patienf®5]. IDH1 has been proved
to be closely linked with oncogenesis through
promoting DNA hypermethylation and stimulating
hypoxia inducible factel pathway [26]. However,
several reports indicated that IDPH patients had a
longer survival time thanIDH1" patients [27].

B r=-0.306, p= 0.007
400 - ]
£ 300 1 o OO -
=
= 200 1 o o
=
E
M
O 100 -
0
0 02 04 06 08 1
fl
D r=0.012, p=0.917
400
£ 300 . °
E "o )
g
= 200 ° °
E 0000 °
E oO Ce Do og: 00 ° ’
[aa] S nno c; [}
O 100 1 I
o Oco & o 000 o
0 -
0 025 05 075 1 125

D1 (*x10-*mm?/sec)

Figure 5. Correlation analysis of IViMWLderived parameters and CBF1(A) Correlation analysis of rCBEland CBF1;Bf
Correlation analysis of f1 and CBR);Correlation analysis of CBF3 and CHBIC6rrelation analysis of D1 and CBF1. (cerebral blood flow:
CBF; the CBF of tumor parenchyma ar€&B#; the CBF of mirror side normal are@&BR; the CBF of peritumoral areaSBB; rCBFR=

CBR/CBR; rICBF2=CBB/CBR).
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Therdore, the role oiDH1™in tumors have not been
fully clarified.

There are some limitations in this study. Firstly, the
sample size was relatilyesmall, and only 78 patients
were enrolled successfully in this research. Further
large scale investigatio needs to be conducted to
confirm the conclusions of this study. Second, the
guantification of CBF depends on performance of
arterial input function.

In summary, IVIMDWI presented efficacy in

differentiating LGG and HGG patients. Meanwhile,
IDH1™and IDH1" patients could be differentiated by
parameters derived from IVINDWI.

MATERIALS AND METHODS
Patients

A total of 98 glioma patients diagnosed by MRI were
enrolled from Oct 2018 to Oct 2020 in our hospital.
The exclusion and inclusion criteria veelisted in the
Figure 1. After checking the examining materials, 20
patients were excluded due to incomplete pathological
or imaging details. Finally, 78 gliomas patients
confirmed by pathology data and IDH immuno
histochemical results wetiacluded. Among them, 26
(16 males and 10 females) low grade gliomas (LGG,
WHO grade | and grade Il) cases were enrolled in this
study. The age ranged from 14 to 65 years old
(median age: 42 years). 10 cases were identified with
IDH1 wild type and 16 casesere mutation type. 52
(30 males and 22 females) high grade gliomas (HGG,
WHO gradelll and gradelV) patients, aged 136
years (median age 55 years) were enrolled in this
research. Among them, 41 cases were IDH1 wild type
and 11 cases were mutant type.

All protocols in this study was approved by the Ethical
Committee of The Second Affiliated Hospital of
Nanchang University (Approval number: 2008
002) and was in accordance with the Helsinki
declaration. Written informed consent was obtained
from patents.

Conventional MR imaging

Conventional MR imaging was conducted using.@r

MR scanner (Discovery MR 750; GE, Milwaukee,
USA). The parameters were set as follows:wieighted
(T1W) imaging, TI: 800 ms, TE: 25 ms, TR: 1900 ms.
T2-weighted (T2W) imaging, TE: 100 ms, TR: 6600
ms, scanning layers: 24, layer spacing: 1 mm, layer
thickness: 3 mm, matrix: 298x244, field of view:
240%x240 mm.

3D pCASL

Firstly, the contrast agents were injected, tf&
pCASL was conducted. 3D FSE imaging sequences,
background inhibition, and pseudontinuous
labeling were used irBD pCASL. The paraméers
were set as followsacquisition time: 5 min 16 s,
NEX: 4, slices number: 40, thickness: 6 mm,
bandwidth: £60 kHzfield of view: 240x240 mmpost
label delay: 1480 ms, TR/TE: 4686/8.

IVIM -DWI

Firstly, the contrast agents were injected, then NOWI

was conducted. A singkhot echeplanar sequence in the
axial plane was applied for application of VADWI.
The parameters were set as follows: matrix: 180x180,
field of view: 240x240 mmgap: 1 mmthickness: 4 mm,
TR/TE: 4500/6. 12 b values (0, 2®,40, 90, 110, 150,
300, 600, 1200, 1800, and 2800 sAniwere applied
during three orthogonal directions. The total acquisition
time was 5 min 48 s.

Imaging analysis

Images were moved to workstation (Advantage
workstation, GE,Milwaukee, USA. Then, perfusion

fraction (f), true diffusion coefficient (D), and
perfusionrelated diffusion coefficient (D*) were
calculated according to the equation 1.

Sy /Sey=f &XPF°™ (4 1)- exp® ™ @)

Fast moving compartment was represented by D*. The
volume fraction of random microcirculation of blood
over the total incoherent signal in each voxel was
represented by f. The slemoving compartment was
represented by D. @ and o) represat the signal
intensity in the presence and absence of diffusion
sensitization, respectively. ADC was calculated with b
values according to the equation 2. CBF maps were
calculated as describ§D].

Sy 1Sy = €X5° ™ (2)
Regions of interest{ROIs)

ROIs were conducted by the 3 experienced
neuroradiologists. The maximum CBF valu€8F) of

the tumor parenchyma ared@3BF1), peritumoral areas
(CBF3) and mirror side normal area€RF2) were
calculated. Then, relative CBF value (rCBF) was
calcubted as follows: rCBF = tumor side CBF
value/mirror side CBF value. rCBFZ= CBF1/CBR2,
rCBF3-2=CBF3/CBF2.
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Contrastenhanced TFLAIR and T1WI was used to
select the most obvious enhancement level or the
largest level of tumor for analysis. Theinimum D,
maximum D * value, and maximum f value in tumor,
peritumoral and normal areas were obtained on IVIM
pseudo color image. D1, D*1, f1 were the IVIM
parameters in the tumor parenchyma areas. D2, D*2,
f2 were the IVIM parameters in mirror side noima
areas. D3, D*3, f3 were the IVIM parameters in the
peritumoral areas. Three ROls (range-6@ mn¥)
were drawn manually. Cerebrospinal fltfided,
calcification, hemorrhagic, necrotic, and cystic areas
should be avoided. The measurement was repeated
twice with an interval of 2 weeks.

Data analysis

Data analysis was performed using 21.0 SPSS (IBM,
USA). Data was presented as mean = standard
deviation. The data between group HGG and LGG,
group IDH1+ and IDHiwere analyzed using Student's
t-test. Receiver operating characteristic curve (ROC)
was performed to get the area under the receiver
operating characteristic curve (AUC). The NADWI-
derived parameters were analyzed using specificity,
sensitivity, and predicted cutoff value from ROC.
Intraclass coefficient (ICC) with the 95% interval
confidence was set in this studyw®05 was believed to

be statistical significance.

Data availability

The data in the current study are available from the
corresponding author on reasonable request.

Editorial note

&This correspondingauthor ha a verified history of
publications usinga personal email address for
correspondence.
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