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Background. Effect of isocitrate dehydrogenase 1 (IDH1) mutation in neovascularization might be linked with tissue
perfusion in gliomas. At present, the need of injection of contrast agent and the increasing scanning time limit the ap-
plication of perfusion techniques. We used a simplified infravoxel incoherent motion (IVIM)-derived perfusion fraction
(SPF) calculated from diffusion-weighted imaging (DWI) using only three b-values to quantitatively assess IDHI-linked
tissue perfusion changes in WHO grade Il gliomas (LGGs). Additionally, by comparing accuracy with dynamic con-
trast-enhanced (DCE) and full IVIM MRI, we tried to find the optimal imaging markers to predict IDHT mutation status.
Patients and methods. Thirty patients were prospectively examined using DCE and multi-b-value DWI. All param-
etfers were compared between the IDHT mutant and wild-type LGGs using the Mann-Whitney U test, including the
DCE MRI-derived K™, v, and v,, the conventional apparent diffusion coefficient (ADC, ). IVIM-derived perfusion
fraction (f), diffusion coefficient (D) and pseudo-diffusion coefficient (D*), SPF. We evaluated the diagnostic perfor-
mance by receiver operating characteristic (ROC) analysis.

Results. Significant differences were detected between WHO grade II-lll gliomas for all perfusion and diffusion pa-
rameters (P < 0.05). When compared to IDHT mutant LGGs, IDHT wild-type LGGs exhibited significantly higher perfu-
sion metrics (P < 0.05) and lower diffusion metrics (P < 0.05). Among all parameters, SPF showed a higher diagnostic
performance (area under the curve 0.861), with 94.4% sensitivity and 75% specificity.

Conclusions. DWI, DCE and IVIM MRl may noninvasively help discriminate IDH] mutation statuses in LGGs.
Specifically, simplified DWI-derived SPF showed a superior diagnostic performance.

Key words: IDH1 mutation; glioma perfusion; diffusion-weighted MRI; dynamic confrast-enhanced MRI; intfravoxel
incoherent motion; 2016 WHO CNS tumor classification

Introduction of grade II-III gliomas (lower-grade gliomas, LGGs)

are highly variable. Published survival duration
Gliomas, the most common primary intracranial —of LGGs ranged from 1 to over 15 years, reflect-
neoplasms in humans, are classified as grade I-IV  ing molecular heterogeneity of these tumors.!> The
based on histopathological criteria. Different from 2016 revised fourth edition of the World Health
grade IV, also known as glioblastoma, the outcome  Organization (WHO) classification of tumors of
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the central nervous system defines a large subset
of gliomas based on molecular alterations, among
which mutation of isocitrate dehydrogenase (IDH1)
has shown to be the most important, for this muta-
tion is thought to be a predictor of early steps in
gliomagenesis. It has been shown that 70%-90% of
LGGs- carry IDHI mutations, and that IDH1 mu-
tant glioma have a survival benefit associated with
the maximal surgical resection, and the use of ra-
diation and chemical therapy.®® Hence, assessing
grade Il and III gliomas by genetic alteration, which
might be helpful for patient prognosis and clinical
treatment, is now a common clinical practice.

The IDHI gene plays an important role in tu-
mor angiogenesis and vasculogenesis, which have
been recognized as hallmarks of histopathological
growth and progression of gliomas.”!! Therefore,
preoperative assessment of tumor perfusion by
MRI may give insight into the IDHI mutation sta-
tus, thus aiding in clinical decision making. Several
MR perfusion techniques have been developed
to evaluate the degree of tissue vascularization.
Dynamic contrast-enhanced (DCE) MRI and intra-
voxel incoherent motion (IVIM) MRI are two com-
mon MR perfusion techniques with distinct imag-
ing mechanisms.!"15

Using rapid Tl-weighted imaging to measure
the changes resulting from gadolinium contrast
agent leakage in and out of the extracellular ex-
travascular space, DCE MRI enables the determi-
nation of several hemodynamic parameters, in-
cluding the volume transfer constant (K'), the
extravascular extracellular volume fraction (v,),
and the vascular plasma volume fraction (v ).!%1¢
Previous studies have demonstrated the clinical
potential of DCE MRI in glioma grading and dif-
ferential diagnosis.'”!® However, the need for an
intravenous injection of contrast agent limits its
clinical application in patients with renal dysfunc-
tion or individuals who are allergic to gadolinium.

IVIM MRI is a variant of conventional diffusion-
weighted imaging (DWI) in that images at multi-
ple b-values are required to fit the two-component
mathematical model. In this model, the effect of
microcirculation of blood in the capillary network
(characterized by the pseudo-diffusion coefficient
D*) is separated from the pure water diffusion
component (characterized by the diffusion coef-
ficient D). More than eight b-values are typically
needed to fully characterize biexponential signal
attenuation, thus increasing the scanning time.
Some simplified models based on IVIM theory
with fewer b-values have been proposed. Both the
full and simplified IVIM models have shown their
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FIGURE 1. Flowchart of study design.

abilities in characterizing tumor perfusion and as-
sessing the glioma grade.!*!

The purpose of our study, therefore, was to de-
termine the association of the three b-value DWI-
derived simplified perfusion fraction (SPF) with
tumor perfusion and to compare the performance
with DCE and IVIM MRI-derived parameters in
the preoperative prediction of IDHI mutation sta-
tus in LGGs using surgical and histopathological
findings as a standard of reference.

Patients and methods
Patient enrollment

This prospective single-center study was per-
formed in accordance with the principle of the
Declaration of Helsinki and was approved by the
local ethics committee. Written informed consent
was obtained from all subjects prior to study en-
rollment. The flowchart of the study design is dem-
onstrated in Figure 1.

From April 2018 to March 2019, 55 patients who
were suspected of primary brain tumors were
prospectively enrolled in the study. All patients
underwent initial MRI at the same unit and were
then underwent neurosurgical resection at our
hospital. Excluded from the study were 17 patients
with pathological diagnosis other than LGGs, five
patients without complete DCE MRI or IVIM data,
and three patients due to poor image quality as-
sociated with head movement. Finally, a total of
30 patients (13 women, 17 men; average age, 44.73
years; age range, 19-78 years) with histopatho-
logically confirmed LGGs (WHO II glioma, n = 22;
WHO III glioma, n = 8) were enrolled. The descrip-
tive statistics are shown in Table 1.



MRI acquisition protocols

MRI of all patients was performed on a 3.0-T MRI
unit (Signa HDxt; GE Medical Systems, Milwaukee,
WI, USA) using a standard 8-channel head coil.
The advanced MRI protocol included DCE
MRI and DWI with 10 b-values (0-1000 s/mm?).
Conventional protocol —T1- and T2-weighted im-
aging with fast spin-echo sequences (TTWI, T2WI),
T2 fluid-attenuated inversion recovery (FLAIR) se-
quence, and contrast-enhanced TIWI— were per-
formed during the same examination.

Three-dimensional DCE MRI of head was per-
formed after intravenous administration of a
gadopentetate dimeglumine (Magnevist; Bayer
Healthcare, Berlin, Germany, 0.1 mmol per kilo-
gramof body weight) at a rate of 4 ml/s via a power
injector (Spectris; Medrad, Pittsburgh, PA, USA).
Precontrast scans with four dynamics were col-
lected before gadopentetate dimeglumine was
injected. The detailed parameters of the pre- and
postcontrast scans were as follows: repetition time
(TR)/echo time (TE), 3.3 ms/1.3 ms, flip angle, 15°;
matrix, 256 x 160; field of view (FOV), 220 x 220
mm; section thickness, 2 mm; number of sections,
40; and total scanning time, 4 min.

DWI was acquired before contrast injection. Ten
b-values (0, 20, 50, 80, 150, 200, 300, 500, 800, and
1000 s/mm?) were applied with a fat-suppressed
single-shot echo-planar sequence in three orthog-
onal directions sequentially, they were averaged
two times, and then trace images were generated.
The other imaging parameters were: TR/TE, 3000
ms/106 ms; matrix, 192 x 192; FOV, 260 x 260 mm;
section thickness/gap, 5/1 mm; number of signal
averages, 2; number of sections, 15. The multi-b-
value DWI was acquired at 5 min and 36 s, and if
separately, 2 min and 11 s for three-b-value DWL

MR image analysis

DCE MRI analysis

Pharmacokinetic parameters (K™, v, v,) were
calculated off-line by using commercially avail-
able software (MIStar; Apollo Medical Imaging,
Melbourne, VIC, Australia) according to the two-
compartment Tofts model.? Preprocessing for the
perfusion data included semiautomatic selection of
arterial input function (AIF). The AIF was obtained
independently for every patient from the intrac-
ranial internal carotid artery. Parametric maps of
Ktes, v, and v, were generated on a pixel-by-pixel
basis.
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Characteristic 'D’Iz:' :“]’:;ms IDH(IHV\r:iI?it)ype
Mean age (y)* 42.8 (22-67) 47.9 (19-78)
Sex distribution (M/F)° 10/8 7/5
WHO grade

] 15 7

mn 3 5
Histologic type

Astrocytoma 12 5
Oligodendroglioma 3 0
Oligoastrocytoma 0 1
Anaplastic astrocytoma 1 3
Anaplastic oligodendroglioma 1 2

Anaplastic oligoastrocytoma 1

1

*Mean (range) or count is reported; a = significant difference in age was noted between
isocitrate dehydrogenase 1 (IDHT) mutant and wild-type groups (P = 0.020); b = no significant
difference in sex distribution was noted between IDHI mutant and wild-type groups (P = 0.769)

F = female; M = male

DWI analysis

DWI data were performed with a program in
MATLAB (MATLAB 2017a; MathWorks, Natick,
MA, USA) programming tool. Full IVIM features
- the diffusion coefficient (D), pseudo-diffusion co-
efficient (D*), and the perfusion fraction (f)—were
extracted by fitting the biexponential model using
all b-values as follows:

S, = Slf op(-bD*) + (1 - f) exp(-bD)],
where S, stands for the signal intensity in present
b-value and S stands for the signal intensity in the
absence of diffusion gradient.

The monoexponential DWI model used in cal-
culating the ADC value can be written as follows:

AD Clow,high= -In (S,,,/ Shigh)/ (b, ~ bhigh)’
where S, , is signal intensity at by, and S, is sig-
nal intensity at b, , respectively. As the b-value
has a differential sensitivity to Brownian motion of
water protons, ADC, ,,, represents mixed diffusion
and perfusion effects and ADC, ,,, is almost pure-
ly related to diffusion.?? The b-value scheme was
chosen following previous recommendations®%
which indicated that the effects of diffusion and
microcapillary perfusion are both reflected within
low b-values (b < 200 s/mm?), while for higher b-
values (b > 200 s/mm?), a large proportion of meas-
ured signal in each imaging voxel was caused by
tissue diffusion. When a typical b-value (1000 s/
mm?) was used, the contribution of perfusion has
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FIGURE 2. Images obtfained in a 44-year-old man with astrocytoma (isocitrate dehydrogenase 1 [IDH1] mutant glioma). (A) Fluid-attenuated inversion
recovery (FLAIR) image shows a heterogeneous hyperintense lesion in the right frontal lobe. (B) Apparent diffusion coefficient (ADC),,,, map shows
increased ADC value in the lesion. (C, D) Intfravoxel incoherent motion (IVIM) perfusion fraction (f) and simplified perfusion fraction (SPF) maps show
no increased values in the corresponding area of the hyperintense lesion as shown in (A). (E) On contrast-enhanced T1-weighted image, the lesion is
non-enhancing. (F-H) Dynamic contrast-enhanced (DCE) MRI parametric maps of volume transfer constant (K'ens), extravascular extracellular volume
fraction (v,) and vascular plasma volume fraction (v ) show no increased values in the lesion. Regions of interest are marked on parametric maps.

TABLE 2. Parameters derived from dynamic confrast-enhanced (DCE) MRI and
diffusion-weighted imaging (DWI) between WHO grade Il and lIl gliomas

Parameter Grade I Grade Il P-value
Ktens (min-') 0.067 +0.048 0.116 + 0.064 0.013
A 0.071 +0.057 0.401 + 0.344 0.018
Ve 0.036 + 0.020 0.051 +0.018 0.035
ADC, 40 (X102 mm?/s) 1.093 £ 0.203 0.904 +0.184 0.028
SPF (%) 10.78 + 4.378 16.391 + 5.471 0.012
D (%107 mm?/s) 1.194 £ 0.261 0.949 +0.169 0.021
D* (x10-* mm?/s) 6.692 +1.564 8.618 +£2.215 0.037
f (%) 3.315+1.536 6.380 £ 3.419 0.020

* P-values are considered significant at P < 0.05.

ADC = apparent diffusion coefficient; D = diffusion coefficient; D* = pseudo-diffusion coefficient;
f = perfusion fraction; K = volume transfer constant; v, = exfravascular extracellular volume
fraction; v, = vascular plasma volume fraction; SPF = simplified perfusion fraction

Radiol Oncol 2020; 54(3): 301-310.

faded away entirely. The ADC thus appears to be
a sensitive index of diffusion component. On the
other hand, since a b-value of 1000 s/mm?is small
enough, high image quality may be guaranteed
and the kurtosis effect may be avoided. As the
contribution of kurtosis is greater when b-value is
beyond 1000 s/mm?2.25?° Therefore, the relative pro-
portion of the perfusion component in the whole
diffusion pool, named SPF, can be determined as
follows (20):

SPF = (ADC, 50 — ADCy 1000/ ADC

200,1000 0,200°

Region of interest analysis

The regions of interest (ROIs) were drawn by two
readers who have 6(M.C.) and 19(Y.Z.) years of ex-
perience in neuroradiology, respectively, and con-
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FIGURE 3. Images obtained in a 72-year-old woman with astrocytoma (isocitrate dehydrogenase 1 [IDHI] wildtype glioma). (A) FLAIR shows a
heterogeneous hyperintense lesion in the right hemisphere. (B) Apparent diffusion coefficient (ADC), ., Map shows a mixed pattern of high and
intermediate ADC values in the lesion. (C, D) Infravoxel incoherent motion (IVIM) perfusion fraction (f) and simplified perfusion fraction (SPF) maps show
markedly increased f and SPF values in the corresponding area of the contrast-enhanced lesion as shown in (E). (E) On confrast-enhanced T1-weighted
image, the lesion is vividly enhanced. (F-H) Dynamic contrast-enhanced (DCE) MRI parametric maps of volume fransfer constant (K@), extravascular
extracellular volume fraction (v,) and vascular plasma volume fraction (v,) show obviously increased values in the corresponding area of the contrast-
enhanced lesion. Regions of interest are marked on parametric maps.

sensus was researched. Both readers were blinded  TABLE 3. Parameters derived from dynamic contrast-enhanced (DCE) MRI and

to the histopathological results and other clinical diffusion-weighted imaging (DWI) between isocitrate dehydrogenase 1 (IDHT)
. A . . mutant and wild-type gliomas

data, including age and gender. Following previ- °

ous studies®?, an elliptical ROI (20-340 mm?) was

. Parameter IDH1 mutant IDH1 wild-type P-value*
placed by each doctor on parametric maps of the
solid tumor area as much as possible to include the Krers (min~') 0.054 +0.024 0.123 +0.073 0.007
portion with the minimum values of diffusion (D v, 0.052 +0.035 0.121 +0.080 0.007
and ADCO,lOOO) and maximum values of perfusion v, 0.032+0.015 0.051 + 0.022 0.015
* t 1 -
(SP. i 1 D% st:; Oy ;ndhve). Forf correlation analy ADC, 1000 (¥10 mm2/s) 1.123+0.185 0.923+0.199 0.009
1 ween n T T 101N ram T
515 Gj't yeen o A other perfusio para eters, SPF (%) 9.572 +3.437 16.332 £ 4.925 <0.001
the similar-sized ROIs used for SPF images were
. . . D (x10* mm?/s) 1.108 +0.245 0.959 +0.146 0.047
placed in the corresponding area of DCE images
D* (10 mm?/s) 6.546 +1.757 8.196 + 1.794 0.020

and IVIM images. T1-weighted contrast-enhanced
images where contrast agent leakage in tumors f(%) 3.080 1.581 57122924 0.005
was observed were used as a reference to define the
ROIs on parametric maps.®2*® The study used ADC
images combined with Tl-weighted, T2—weighted, ADC = apparent diffusion coefficient; D = diffusion coefficient; D* = pseudo-diffusion coefficient;

. . Krens = volume tfransfer constant; f = perfusion fraction; SPF = simplified perfusion fraction; v, =
and FLAIR images to determine the ROI of tumor extravascular extracellular volume fraction; v, = vascular plasma volume fraction

* P-values are considered significant at P < 0.05

Radiol Oncol 2020; 54(3): 301-310.
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FIGURE 4. Receiver operating characteristic (ROC) curves and corresponding area under the curve values for (A) diffusion-
weighted imaging (DWI) parameters (simplified perfusion fraction [SPF], perfusion fraction [f], apparent diffusion coefficient
[ADC], 1400) @nd (B) dynamic contrast-enhanced (DCE) MRI parameters (transfer constant [K'n], extravascular extracellular volume
fraction [v,.] and vascular plasma volume fraction [vp]) in the differentiation of isocitrate dehydrogenase 1 (IDH1) mutant and
wildtype gliomas. SPF showed the highest diagnostic performance with the area under the curve value of 0.86.

area in nonenhancing lesion. Special care was tak-
en to exclude necrosis, cysts, hemorrhage, calcifica-
tion, and intralesional macrovessels.

Statistical analysis

Statistical analysis was performed using commer-
cial software (SPSS version 22, IBM Corporation,
Armonk, NY, USA and MedCalc, version 11.4.2.0,
MedCalc Software, Mariakerke, Belgium). The
relationship between perfusion parameters was
analyzed with Spearman rank correlation. We

considered correlation coefficients < 0.4, 0.4-0.6,
0.6-0.8, and > 0.8 to indicate week, moderate,
strong, and very strong correlation, respectively.
The unpaired t-test and Mann-Whitney U test
were used to determine the difference in DWI,
DCE and IVIM MRI parameters between WHO
grade II and III gliomas, as well as between IDH1
mutant and wild-type gliomas, according to the
data normality (Kolmogorov-Smirnov test). ROC
curves were constructed to evaluate the ability to
identify different IDH1 mutation statuses. Area
under the curve (AUC) values of < 0.7, 0.7-0.9, and

TABLE 4. Diagnostic performance of parameters for differentiation between isocitrate dehydrogenase 1 (IDHT) mutant and wild-

type gliomas

Parameter AUC (95% ClI) Sensitivity (%) Specificity (%) Cutoff value
K'rans (min-") 0.773 (0.563-0.983) 77.8 75.0 >0.062
v, 0.760 (0.569-0.951) 94.4 58.3 >0.119
v, 0.680 (0.451-0.909) 55.6 1.7 >0.029
ADC, 40, (103 mm?2/s) 0.718 (0.531-0.904) 83.3 75.0 <1.002
SPF (%) 0.861 (0.686-0.959) 94.4 75.0 > 14.500
D (%102 mm2/s) 0.727 (0.541-0.913) 72.2 83.3 > 1.065
D* (X107 mm?/s) 0.690 (0.493-0.886) 44.4 91.4 <5.959
f (%) 0.810 (0.658-0.963) 72.2 83.3 >3.617

ADC = apparent diffusion coefficient; D = diffusion coefficient; D* = pseudo-diffusion coefficient; f = perfusion fraction;*K" e = volume transfer constant;
SPF = simplified perfusion fraction; v, = exiravascular extracellular volume fraction; v, = vascular plasma volume fraction

Radiol Oncol 2020; 54(3): 301-310.



> 0.9 were considered to indicate low, medium,
and high diagnostic performance, respectively.
Differences between AUC values were analyzed
by using the Delong method (34). Optimal thresh-
olds were determined by maximizing the Youden
index ((specificity + sensitivity) — 1). A P-value less
than 0.05 was considered to indicate statistical sig-
nificance.

Results

In terms of histology, 16 patients had astrocytomas,
three had oligodendrogliomas, one had an oligoas-
trocytoma, four had anaplastic astrocytomas, three
had anaplastic oligodendrogliomas, and three
had anaplastic oligoastrocytomas. Intercorrelation
analysis between perfusion parameters revealed a
significant association for SPF and f (o = 0.768, P
< 0.001). The study also found a moderate correla-
tion between SPF and v, (o = 0.548, P = 0.002) and
between SPF and K (o = 0.535, P = 0.002).

The statistical data of DCE MRI and DWI-
derived parameters in differentiating WHO grade
I and III gliomas are summarized in Table 2.
Perfusion-related parameters including K™, v, v,
f, D* and SPF were all significantly higher in WHO
grade III gliomas than in WHO grade II gliomas
(all P <0.05), while ADC and D values were both
significantly lower in WHO grade III gliomas (both
P <0.05).

Representative cases of IDH1 mutant and wild-
type LGGs are shown in Figures2 and 3. The
mean values + standard deviations of DCE MRI
and DWI-derived parameters for the IDH1 mutant
and wild-type tumors in the whole LGGs group,
are summarized in Table 3. Compared with IDH1
mutant LGGs, IDH1 wild-type LGGs exhibited sig-
nificantly higher perfusion values, that is, K™, v,
v, f, D* and SPF (all P < 0.05), and significantly
lower diffusion values, that is, ADC and D (both P
<0.05). In the WHO grade II subgroup, v, and SPF
differed significantly between IDHI1 mutant and
wild-type tumors (P = 0.018 and P = 0.049, respec-
tively), whereas in the WHO grade III subgroup,
only fshowed a significant difference (P = 0.014).

The results of ROC curve analysis are presented
in Figure 4 and Table 4. For differentiation between
IDH1 mutant and wild-type LGGs, the ROC curve
analysis showed that among all parameters, SPF
gave the highest AUC value (0.86), followed by f
(0.81) and ADC (0.80), though no significant dif-
ference in AUC values was found (P > 0.05). The
optimal SPF threshold for IDH1 mutation discrimi-
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nation was 14.5%, with a sensitivity and specificity
of 94.4% and 75.0%, respectively.

Discussion

In this study, an analysis of DWI, DCE, and IVIM
MRI was performed to evaluate the tissue diffu-
sion and perfusion characteristics to identify histo-
logical and molecular profiles of LGGs. Our results
showed that diffusion and perfusion metrics exhib-
ited substantial differences between WHO grade II
and III gliomas, as well as between IDHI1 mutant
and wild-type LGGs. Among all parameters, the
simplified DWI-derived perfusion fraction showed
higher efficacy in IDHI1 mutation detection, indi-
cating that this recently developed three-b-value
DWI approach may serve as a surrogate method
for LGGs molecular diagnosis.

DWI, DCE, and IVIM MRI-derived parameters
showed significant differences between grade II
and III gliomas. Diffusion-related parameters, in-
cluding ADC and D values, were significantly low-
er in WHO grade III gliomas; this result is in line
with those of previous studies.!? It is now well es-
tablished that ADC is strongly correlated with cel-
lularity and the nuclear cytoplasmic ratio in tumor
tissue®*, both of which are important criteria in
the histopathological grading of gliomas.

Notably, perfusion-related parameters, espe-
cially SPF, f, and K'rs, showed a relatively good
performance for glioma grading compared with
diffusion parameters. This is most likely due to the
increased perfusion feature in higher grade glio-
mas; Kns reflects the volume transfer constant of
a contrast agent from the plasma space to the ex-
travascular extracellular space.®# In higher-grade
gliomas, active angiogenesis and incomplete base-
ment membrane of tumor neovasculature lead to
an increment in microvascular permeability, thus
a high Kt value. A previous study'® showed that
SPF and IVIM-derived f correlated well with DCE
MRI-derived K and were useful in differentiat-
ing high- from low-grade gliomas. Our results fur-
ther show that f and SPF also exhibited significant
differences between WHO grade II and III gliomas.

Over the last decade, studies have shown that
gliomas with IDH mutation are less aggressive
and more sensitive to chemotherapy, contribut-
ing to a longer overall survival.## Therefore, IDH
plays a key role in the determination of the glioma
molecular phenotype. Zhao et al.*> have shown
that compared with IDHI mutant gliomas, IDH1
wild-type gliomas are characterized by increased

Radiol Oncol 2020; 54(3): 301-310.
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neoangiogenesis and a higher nuclear cytoplasmic
ratio due to the infiltrative nature. Higher vascu-
lar proliferation leads to stronger perfusion effects.
In this study, DWI, DCE, and IVIM MRI-derived
perfusion parameters all showed significant differ-
ences between IDH1 mutant and wild-type LGGs.
Elevated perfusion was observed in IDHI1 wild-
type LGGs, which is in agreement with several
previous reports using other perfusion imaging
techniques.“* For example, Kickingereder et al.%
and Brendle ef al.#® performed dynamic suscepti-
bility contrast and arterial spin labeling perfusion-
weighted imaging on patients with LGGs, respec-
tively, and both found significantly higher cerebral
blood flow values in IDH1 wild-type LGGs. This
could be explained by considering the molecular
function of IDH1. Cui et al.* and Reis et al.>’ sug-
gested that IDHI mutation is associated with de-
creased invasiveness and reduced angiogenesis
via downregulation of the Wnt/p-catenin signaling
pathway. Furthermore, the accumulation of 2-hy-
droxyglutarate, an oncometabolite produced upon
IDH1 mutation, has been shown to affect hypoxia-
inducible factor (HIF) levels and the HIF response
and may, consequently, reduce hypoxia-induced
neovascularization.>

According to our ROC curve analysis, the sim-
plified DWI-derived perfusion fraction showed
a superior diagnostic accuracy as a predictor for
IDH1 mutation in LGGs compared to the full
IVIM-derived f. This result suggests that the three-
b-value simplified DWI approach could save sub-
stantial scanning time compared with the full IVIM
approach, with no loss of diagnostic efficiency.
Additionally, both simplified and full IVIM perfu-
sion performed better than DCE MRI. These two
perfusion methods represent different aspects of
vasculature. IVIM measures microscopic transla-
tional motions associated with microcirculation
of blood in the capillary network, while DCE MRI
measures capillary leakage of gadolinium contrast
agent based on pharmacokinetic modeling. When
WHO grade II and III gliomas were analyzed sepa-
rately, we found SPF exhibited a statistically signif-
icant difference in assessing IDHI mutation status
of WHO grade II tumors, whereas f helped assess
WHO grade III tumors. However, these prelimi-
nary results must be interpreted with caution due
to the small sample size. Besides perfusion, diffu-
sion parameters like ADC, ,,,, were also predictive
of IDH1 mutation in LGGs, with a lower diffusion
coefficient found in IDH1 wild-type tumors. Our
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findings are in agreement with the existing litera-
ture regarding their association.* >

Our study has several limitations. First, the co-
hort was relatively small, especially that of WHO
grade III LGGs (1 = 8). Therefore, we may have un-
derestimated some associations, such as the associ-
ation between perfusion-related metrics and IDH1
mutation status, in WHO grade III gliomas. A fur-
ther prospective study with a larger cohort should
be performed to validate our results. Second, es-
timation bias may occur as a result of different
cutoff b-values for IVIM analysis. Therefore, the
set of b-values needs to be further optimized for
brain tumors. Finally, the placement of ROIs was
subjective and specific to a limited area on MRIL
Automatic segmentation and image analysis of the
entire tumor volume may improve preoperative
risk stratification.

In conclusion, DWI, DCE, and IVIM MRI can
be used as quantitative perfusion methods in
preoperative IDHI mutation prediction in LGGs.
Specifically, the simplified DWI-derived perfu-
sion fraction showed a superior diagnostic per-
formance, which holds the potential to serve as a
contrast-free and time-saving alternative in the
clinical setting. However, further validation in a
large patient population is warranted.
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