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The value of diffusion kurtosis imaging histogram combine with EphA2 grading in
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[Abstract] Objective To investigate the value of diffusion kurtosis imaging (DKI) histogram
combined with Ephrin type-A receptor 2 (EphA2) in the evaluation of glioma grading. Methods A total of
183 patients with diffuse glioma [including 63 cases of low-grade glioma (LGG) and 120 cases of high-grade

glioma (HGG)] who underwent neurosurgical resection and were confirmed by pathology at General Hospital
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of Eastern Theater Command from December 2015 to December 2019 were enrolled. All patients
underwent conventional MRI and DKI examination [including fractional anisotropy (FA), mean diffusivity
(MD), kurtosis fractional anisotropy (KFA), mean kurtosis (MK), mean kurtosis tensor (MKT)], and DKI
histogram parameters (including mean, variance, median, 25% quantile, 75% quantile, skewness, kurtosis)
were obtained. Immunohistochemical staining of EphA2 was performed. Univariate and multivariate
Logistic regression analysis were used to screen the predictive factors of glioma grading, and based on these
factors, the DKI histogram and the DKI histogram combined with EphA2 grading diagnostic prediction
model were constructed, and the receiver operating characteristic curve (ROC) was drawn to evaluate its
diagnostic efficiency. Spearman rank correlation analysis was used to explore the correlation between the
DKI histogram parameters and the EphA2 grading. Results For HGG, the variance (1 =-2.050, P =0.042)
and 75% quantile (1=-2.130, P=0.035) of FA value, the variance (t=-6.052, P =0.000) and skewness (Z =
-3.326, P =0.001) of MD value, the mean (¢t =-3.094, P = 0.002), variance (1 =-2.228, P =0.027), median
(Z=-3.444, P=0.001), 25% quantile (¢ = - 3.022, P =0.003) and 75% quantile (t=-3.438, P=0.001) of MK
value, the mean (t=-3.096, P =0.002), variance (t=-2.140, P =0.028), median (t=-3.701, P =0.000), 25%
quantile (z=-3.033, P =0.003) and 75% quantile (¢t = - 3.441, P = 0.000) of MKT value were higher than
those of LGG. The FA value (Z =4.489, P =0.000), MK value (Z=4.528, P =0.000) and MKT value (Z =
4.528, P = 0.000) were significantly lower than those of LGG. Logistic regression analysis showed the
skewness of FA value (OR = 0.484, 95%Cl: 0.278-0.842; P = 0.010), variance of MD value (OR = 2.821,
95%Cl: 1.231-6.466; P = 0.014) and 75% quantile of MKT value (OR = 2.581, 95%Cl: 1.148-5.806; P =
0.022) were the predictive factors for glioma grading. The ROC curve showed the area under the curve
(AUC) of DKI histogram parameters combined with EphA2 grading was 0.90 + 0.02 (95%CI: 0.676-0.922,
P =0.000), which was better than DKI histogram (0.86 + 0.02; 95%CI: 0.809-0.916, P = 0.000; Z = 1.114,
P =0.041). Spearman rank correlation analysis showed only MD kurtosis was negatively correlated with
EphA2 grading (r, =-0.267, P = 0.002). Conclusions The prediction model of DKI histogram combined
with EphA2 grading can effectively improve the efficiency of grading diagnosis of glioma.

[Key words] Glioma; Membrane proteins; Diffusion magnetic resonance imaging; Forecasting;
Logistic models
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Figure 1 A 26-year-old male was diagnosis as diffuse
astrocytoma in the left frontal insular lobe (WHO grade II ).
Head MRI and DKI histogram findings  Axial enhanced
T,WI showed no significant enhancement (Panel la). Axial
FA (Panel 1b) and MK (Panel 1c¢) maps showed decreased
values in the solid part of tumor. Axial MD maps showed
30 40 50 60 70 30 90 increased values in the solid part of tumor (Panel 1d). MKT

R le histogram showed voxels were concentrated in the area with
- R U B small MKT value (Panel le).
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Figure 2 A 62-year-old male was diagnosis as glioblastoma

400 in the left frontal lobe (WHO grade IV). Head MRI and DKI

histogram findings  Axial enhanced T,WI showed irregular

200 annular enhancement in the tumor (Panel 2a). Axial FA

(Panel 2b), MK (Panel 2¢) and MD (Panel 2d) maps showed

0 increased values in solid part of tumor. MKT histogram

20 30 40 50 60 70 showed voxels were concentrated in the area with large MKT
4 W i A B 26 value (Panel 2e).
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Table 1. Comparison of FA value between HGG and LGG Table 4. Comparison of MK value between HGG and LGG

S8 LGG(n=63) HGG(n=120) (K Z{§ PlE S8 LGG(n=63) HGG(n=120) sz P{E

T 0.059 0.063 -1.270% 0204 T4 (R e s 0.525+0.078  0.571£0.105  -3.094# 0.002

[M(P,,P,)] (0.049,0.071)  (0.050,0.082)

% 0.063 0.074 -2.140%  0.027

LEACED) 0.031+0.013 0.035+0.014  -2.050# 0.042 [M(P,,P,)] (0.049,0.080) ( 0.059,0.096)

IR 0.053 0.056 -1.441%  0.150 F i 0.500 0.546 -3.444%  0.001

[M(P,,P,;)] (0.044,0.064)  (0.045,0.075) [(M(P,,P,)] (0.468,0.564) ( 0.505,0.626)

25% S i 5 0.039 0.038 -0.395% 0.093 25% MU Kt(x+s)  0.474+0.074  0.512£0.096  -3.022# 0.003

[M(P,,P,,] (0.033,0.047)  (0.029,0.050) o

% A (3 568 +0. 625+0.117  -3.438%  0.001

75% B (REs)  0.079£0.030  0.090+0.035  -2.1304 0.035 ;};;ﬁﬁuﬁ(“‘) 0.568+0.086  0.623£0.117  -3.438# 0.0

. i3 0.579 0.127 4.528%  0.000

M 1.143 0.848 4.489%  0.000 [M(PN,P”)} (0.304,0.807)  (-0.238,0.465)

[M(P,;,P,] (0.908,1.461)  (0.570,1.119) ek 0552 0,138 00515 0,925

e 4.493 3.544 4751%0.060 M(p,.P,)] (0336,0811) ( 0331,0582) '

[M(P,,P,] (3.807,6.073)  (2.958,4.369)

#7 value, Z {H ; #t value,tfH . LGG,low-grade glioma, {62 5l & 5t
W HGG, high-grade glioma, Y E TR . The same for Table 2

*7 value, Z {8 ; #t value,t{H . LGG,low-grade glioma,ffﬁ%’(%‘]ﬂﬁ‘?ﬁﬁ
J# s HGG , high-grade glioma, =524 I X fiJ# . The same for Table 5

F5  EYONEE S5 ARGU iE TJE MKT B A
Table 5. Comparison of MKT value between HGG and
LGG

P2 LGG(n=63) HGG(n=120) (8 Z{H P
FHE (T +s) 0.524+0.078  0.570+0.104  -3.096% 0.002
% 0.062 0.074 -2.060%  0.028
[M(Py,P,)] (0.049,0.079)  ( 0.058,0.094)

i g (xxs) 0.518+0.079  0.568+0.104 -3.701# 0.000
25% /- iki(x+s) 047320074  0.512+0.096  -3.033# 0.003
75% ik (x+s)  0.567+0.086  0.624+0.117  -3.441# 0.001
TR BE 0.575 0.130 4.528% 0.000
[M(P,,P,;)] (0.272,0.811)  (-0.236,0.465)

W i 0.542 0.141 0.032%  0.922

[M(P,,,P,)] (0.312,0.781)  ( 0.104,0.351)

K2 = PN 5O i B MD (B Y EE 4K
Table 2. Comparison of MD value between HGG and LGG
S8 LGG(n=63)  HGG(n=120) (8 Z{ P
S 2.529 2,512 0.051* 0.959
[M(P,;,P,)] (1 1.987,2.830) (1.967,2.854)

T (x+s) 0.250£0.085  0367+0.177 -6.052# 0.000
T (x+s) 24170591  2.409+0.623  0.082%# 0.935
25% 5 i AL 2.364 2.230 1.015% 0310
(M(P,P,)] (1 1.824,2.667) (1.739,2.590)

T5% ik (x+s)  2.588£0.627  2.692+0.734  -0.953# 0.342
i E 0.115 0.605 -3.326%  0.001
[(M(P,,P,)] (-0.218,0.797)  (0.210,1.012)

W i 3.085 3.047 0.565% 0.572
[M(P,,P,)] (12.747,3.862) (2.461,4.569)

RT3 YO S R BT KF A (EL ) LA
(M(P,;,P,5)]

Table 3. Comparison of KFA value between HGG and
LGG [M (P, Pyl

SR LGG(n=63) HGG(n=120) 71 P
FHE 0.067(0.051,0.090) 0.060(0.047,0.082)  1.332 0.183
T 0.025(0.020,0.035)  0.024(0.020,0.037) -0.339 0.734
LAEOR¢ 0.061(0.047,0.085) 0.054(0.043,0.077) -1.379 0.168
25% /3 0.048(0.036,0.070) 0.041(0.033,0.057)  2.010 0.054
75% 4+ %L 0.077(0.063,0.107)  0.073(0.058,0.103)  1.068 0.286
i g 0.909(0.622,1.213)  0.892(0.636,1.296) -0.154 0.877
353 0.893(0.571,1.180) 0.821(0.518,1.213) -0.078 0.633

LGG,low-grade g]ioma,{f&?ﬁm%ﬂiﬁé’ ; HGG , high-grade glioma,r%_

GO 5T
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Table 6.

Univariate Logistic regression analysis of predictors associated with glioma grading

A b SE Wald x2 PiE OR{H OR 95%C1

FA {5 ¥ {H -39.572 1325.730 0.001 0.976 0.000 0.000 ~ 1.381
FAH )5 2 -161.204 474.878 0.115 0.734 0.000 0.000 ~ 8.348
FA{H P47 %4 -91.553 333.165 0.076 0.783 0.000 0.000 ~ 6.759
FA{H 25% i %% 130.846 651.092 0.040 0.841 6.697 0.000 ~ 2.003
FA{H 75% 5 fi %L 160.776 384.116 0.175 0.676 6.667 0.000 ~ 1.013
FA A i B2 -0.946 0.330 8.200 0.004 0.388 0.203 ~ 0.742
FA {0 & 0.741 0.967 0.587 0.444 2.097 0.315~  13.952
MD i - 358 42.936 58.440 0.540 0.463 4.435 0.000 ~ 2.459
MD {8 )5 % 6.581 1.523 18.660 0.000 721.025 36.411~14277.918
MD {H (37 5 12.819 17.120 0.561 0.454 369321.856 0.000 ~ 1.380
MD i 25% 4313 % -23.057 38.693 0.355 0.551 0.000 0.000 ~ 8.345
MD 18 75% 43 i %% -31.491 19.871 2.511 0.113 0.000 0.000~ 1731.265
MD {H 1 & -2.514 1.620 2.407 0.121 0.081 0.003 ~ 1.938
MD {i 0 & -0.158 0.465 0.115 0.734 0.854 0.343 ~ 2.126
KFA KV 3516 -1465.832 946.968 2.396 0.122 0.000 0.000 ~ 2.867
KFA{f )5 2 606.469 388.202 2.441 0.118 2.434 0.000 ~ 3.610
KFA {f 07 5% 544.410 321.987 2.859 0.091 2.719 0.000 ~ 2.823
KFA A 25% 53 i 5t 527.617 478.390 1.216 0.270 1.384 0.000 ~ 2.103
KFA {8 75% 43 1. %% 305.355 303.344 1.013 0.314 4.110 0.000 ~ 1.007
KFA 8 fii & 11.538 4.936 5.464 0.059 102 578.945 0.383 ~ 1.696
KFA {f 06 7 -1.564 1.103 2.012 0.156 0.209 0.024 ~ 1.817
MK {8 F- ¥ (K 5557.586 5670.796 0.960 0.327 2.441 0.000 ~ 11.250
MK {5 22 -4009.745 3057.613 1.720 0.190 0.000 0.000~  10.150
MK {8 147 5k 1491.713 2485.485 0.360 0.548 1.384 0.000 ~ 17.340
MK 25% 431 $ -7969.208 3897.491 4.181 0.051 0.000 0.000 ~ 0.410
MK 8 75% 4313 % -1691.872 1820.907 0.863 0.353 0.000 0.000 ~ 3.951
MK i ffi B 68.534 48.797 1.973 0.160 5.806 0.000 ~ 1.991
MK { I Ji -12.601 16.951 0.553 0.457 0.000 0.000 ~ 9.046
MKT {4V #1{H -4925.408 5673.786 0.754 0.385 0.000 0.000 ~ 6.005
MKT {8 5 2 3739.200 3087.059 1.467 0.226 2.444 0.000 ~ 4.335
MKT {f H 7 %k -1641.587 2493.858 0.433 0.510 0.000 0.000 ~ 1.205
MKTA{H 25% 433 5 7737.062 3920.137 3.895 0.058 2.414 2.169 ~ 8.105
MKT A 75% 5313 %t 5.713 1.763 10.494 0.001 302.653 9.548 ~ 9593.905
MK {8 1 -69.573 48.768 2.035 0.154 0.000 0.000 ~ 1.977
MKT {§ 0 J& 13.258 16.978 0.610 0.435 572597.972 0.000 ~ 1.620

FA, fractional anisotropy , #4345 [1] 5 1 ; MD , mean diffusivity , -3 3 # # KFA, kurtosis fractional anisotropy , I & 4% ] S 4% 5
MK, mean kurtosis, F3JI& 2 ; MKT, mean kurtosis tensor, - 14 I % 5k £
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Table 7. Multivariate forward Logistic regression analysis of predictors associated with glioma grading
A i b SE Wald x2 PiE OR1H OR 95%C1
FA i 5 -0.812 0.289 25.343 0.010 0.484 0.278 ~ 0.842
MD {75 % 6.844 1.251 18.121 0.014 2.821 1.231~6.466
MKT {f 75% 4315 %% 5.211 1.564 11.463 0.022 2.581 1.148 ~ 5.806
fig el -8.851 1.551 29.911 0.000
FA ,fractional anisotropy,g‘lg%%ﬁﬁ‘@;MD,mean diffusivity,EFi/}Jif’}"ﬁi(%;MKT,mean kurtosis tensor, “F- 34 I JF gk 4
1.00
0.80 -
DKL, & HiC b B AR
0.60 - EphA2, £140 i Az i 3 Az 0 JIF 48 57 44 A2
i - N
k- B4 ROCHIZ 7% , DKI 17 [ W e FoRt 4 4
® 40 11 11 28 °F 1 #1086 +0.02(95%C1:0.809 ~ 0.916,
: P =0.000) , DKI F J7 B B A EphA2 1 43 2 0.90 =
— DKI & A 0.02(95%C1:0.676 ~ 0.922, P =0.000)
. N Figure 4 The ROC curves showed the AUC for the
a g i S
0.20 —gpﬁf:&ﬁ%ﬁi - DKI histogram predicting glioma grading was 0.86 +
0.02 (95%CI: 0.809-0.916, P = 0.000) and the DKI
histogram combined with EphA2 grading was 0.90 +
0.00 : . " . 0.02 (95%CI: 0.676-0.922, P =0.000).
0.00 0.20 0.40 0.60 0.80 1.00
1-FE5
&8 DKIH T EZSEYE EphA2 P43 ) Spearman Bk AH & 40 A
Table 8. Spearman rank correlation analysis of DKI histogram parameters with EphA2 grading
A5 rfi P | AR rf P | R rfi P | A rf PO | AR rfi Pl
FA MD KFA MK MKT
T -0.003 0.970| FHHE 0.078 0373 F¥E 0.013 0.885 | ¥ -0.052 0553 | CEHIE 0.043  0.624
i 2% 0.002 0981 J#E -0.046 0.603| F%E -0.067 0444 | K% -0.005 0958 | % 0.007 0.940
iz % -0.025 0771 ik -0.005 0951 hfi%k -0.132 0.129 | %k -0.092 0294 | %k 0.105 0.230
25% 3 iE0 0,099 0255 25% 7ML -0.007 0.940 | 25%-fiAL -0.041 0.638 | 25%4FiAC 0.112 0 0.199 | 25%43iEC -0.097 0.264
T5% R 0.026 0766 | 75% MUK -0.072 0409  75% ik 0158 0.070 | 75% 3% -0.112 0199 | 75%HiE 0.105  0.229
T -0.037 0.669 | i 0.137 0.115| fw -0.081 0354 | fmwkr 0.102 0242 | fwkr -0.092  0.292
WA fig 0.034 0.701 | igpF <0267 0.002| Ve 0.152 0.081 | ugpE -0.010 0909 | WepE 0.006 0.942

FA, fractional anisotropy, 4y 4% 18] 5% MD, mean diffusivity, S PR  KFA, kurtosis fractional anisotropy , g B 4% ] 5 PE ; MK, mean

kurtosis, F I B ;s MKT, mean kurtosis tensor, - 24l & gk g
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