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ABSTRACT: Objective To explore the utility of apparent diffusion coefficient ( ADC) histogram analy-
sis for differentiating genetic subtypes of diffuse lower-grade gliomas. Methods A total of 55 patients with WHO

grade [[ /1l diffuse lower-grade gliomas who underwent preoperative routine brain magnetic resonance imaging
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and diffusion weighted imaging in our center were retrospectively evaluated. Among whom there were 14 patients
with isocitrate dehydrogenase (IDH) wild-type gliomas (IDH" group), 19 patients with IDH-mutant 1p19q in-
tact gliomas ( IDH™ 1p19q™ group), and 22 patients with IDH-mutant 1p19q co-deleted gliomas ( IDH™
1p19g™ group ) . The whole-lesion ADC values derived from histogram analysis ( including ADC
ADC ADC5% , ADC10% , ADC25% , ADC50% , ADC75% , ADC90% , ADC95% , ADC

mode, range, skewness, kurtosis, standard deviation, inhomogeneity, and entrophy) were measured for each

mean ?

minimum ? maximum ?

patient. All parameters between the different genetic subtypes were compared by using the Student’ s ¢ test or
Mann-Whitney U test. Receiver operating curve (ROC) analysis was used to assess the diagnostic performance of
ADC histogram in distinguishing the different genetic subtypes. Results =~ Compared with IDH"™ group, the
ADC75% (P =0.021), ADC90% (P =0.015), ADC95% (P =0.014), ADC (P=0.035),
range (P =0.009), standard deviation (P =0.001) and inhomogeneity (P =0.001) were significantly lower
(P =0.031) and kurtosis (P =0.020) of IDH™" group were
significantly higher than those in IDH™ group. The ADC, . (P =0.010), ADC5% (P =0.016), ADC10%
(P=0.012), ADC25% (P=0.007), ADC50% (P =0.005), ADC75% (P =0.015), and mode (P =
0.002) were significantly higher in IDH™1p19¢™ group than in IDH™ 1p19q™ group. Inhomogeneity achieved
the highest area under ROC (AUC) (0.811) in differentiating IDH™" gliomas and IDH"' gliomas, with a cutoff
value of 0.229; the sensitivity and specificity were 85.7% and 73.2% . The mode achieved the highest AUC
(0.744) in differentiating IDH™'1p19¢™ gliomas and IDH™ 1p19q™" gliomas, with a cutoff value was 1448. 75 x

maximum

in IDH™" group; in contrast, the ADC

minimum

10 7® mm’®/s; the sensitivity and specificity were 57.9% and 90. 9% . Conclusion

ADC histograms analysis

may be helpful to differentiate genetic subtypes in lower-grade gliomas.

Key words: gliomas; molecular pathology typing; diffusion weighted imaging; histogram
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IDH S5 1p19q A B2 14 g Sy 20 5 5 it 240 g
1M IDH ZE7E A 1p19q e — ol B AR . K
P 5T IR 52 R LY 18 R %0 (apparent diffusion coeffi-
cient, ADC) [ T L)L Bl Jo &) ¥ H 15000 57 18 1 Jise
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#E) s (2) ARIGARA[EIR#EAT 7 IDH KL 28 728 46 I Al
1p19q BREBRIATIN s (3) AHTAT Sk Mol HLAE AR i
1% ('magnetic resonance imaging, MRI) N3 HOINA A%
(diffusion weighted imaging, DWI) ¥;#r, & %58 %,
(4) MRUFGAFAS AT . BUTF . FARKHAME
I7 o HEBRARIE: (1) S B Rtk XIS MRTRAF,
ANREMERR A MR A (2) BRFFIAEE, AhE
TR, BAAT S5 GIRFHMABITE i Imar 5L
PRI AT R 4500 F R 43 05, Setidl 1DH
RASARZS 41~ IDH By 4= (IDH wild-type gliomas, IDH™)
ZH %0 IDH %2274% (IDH mutant gliomas, IDH™') £, 4k
JEARE 1p19q Bk & B 2R, 4% IDH 582 4153
IDH ZR7Z54% 1p19q & B4 (IDH-mutant 1p19q co-de-
leted gliomas, IDH™'1p19q™") 41 &% IDH 5845 Ak 1p19q
B ise (IDH-mutant 1p19q intact gliomas, IDH™ 1p19q™)
4, IDH" 4147 14 f; IDH™ 4144 41 ], Hr IDH™
1p19q™ 4145 19 ], IDH™ 1p19q™ 414 22 fi.,

MRI#& & FH3% %1 GE /A7 Signa HDxt 3.0 T
MRI AL, S & AT 8 3 18 A 428 P 4 Bl itk A7 A £
JiAT BB AT H R MR RIS A, P75 &
ZHANT . BT TI-AR SR 751 (fluid-atten-
[FEE W] (repiti-
tion time, TR) =1650 ms, [W{E&H[A] (echo time, TE) =
23.7 ms, JZEGWF[E] (inversion time, TI) =720.0 ms] .
Pk HHEME (fast spin echo, FSE) T2 JIAUMR (T2
weighted imaging, T2WI) (TR =2860 ms, TE =118.9 ms) ,
T2-FLAIR (TR =6880 ms, TE =150 ms, TI =1850 ms) .
DWI (b=1000 s/mm?), JZJE5 mm, JZ[EE 1.5 mm;
T1 BRSOk . B TR =1650 ms, TE =27.3 ms,
TI=720.0 ms, %fR{; TR =1967 ms, TE =24.0 ms,
TI =720.0 ms, JEAR{7 TR =2405 ms, TE =21.9 ms,
TI =750 ms, XJHFHRAELBEER A H % (4 mmol/L) ,
F4h 0.2 mmol/kg, WA N2 ~3 ml/s,

IDH EFERT RSP EME 1p36 F1 19q13 X i3
ERAARASHRR I R IR 5 Ml S AR A K vk
XFBIFSEXS G 1 Ji 98 A AR 26 4T TDH A P 58 A48 4R35 1 A6
I, SR 9¢ O I AT % A2 125 A I FF A s €0, 4 1p36 A1l
19q13 XIS BRI IRAS o BT AT 43 LRS00 24 7 2 R
BRI 27 A T 55— = g o D T M A 23 B8 2 R s
S

BGERSURIER 4 DWI EE L H 2= ADW
4.6 TAEuL, A Functool B 44 il ADC &%, ¥ ADC
K% . FSE T2WI, T2-FLAIR K T1 3458 K14 L) DICOM

uated inversion recovery, FLAIR)
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JEIE RS S, R Z KR e & R A, P <0. 05
HEEFAGE L

# R

—MER IDH™ 4L 41 ) (5S4 19 il %«
PE22 7)), Hoh WHO T 4% 32 fi], WHO T 2% 9 #i;
AEHS 23 ~66 %, FHY (40.7 £10.6) %, IDH™ 413t
145 (FHE9 B, ks 6, 4 WHO 145
. WHO T2 9 fl; 4% 21 ~73 %, ¥ (51.8 «
15.9) %, IDH™1pl9q™HILA4 19 ] (519 . %«
P10 1)), Hp WHO I14% 15 ], WHO IM%% 4 fi;
A 24 ~59 %, FE (40.5 £9.6) %, IDH™
1p19q™ 4364 22 i (10 5, Lotk 12 ), e
WHO T2 17§, WHO I %% 5 fi; 45§ 23 ~66 %,
S (42.0 £11.2) %, IDH™ 411 IDH" 41 % 1 4F
wESESGITEE Y (1=2.306, P=0.034), IDH"
4N WHO T2 14 15 o8 T o 1) ] (64.3% ) Tk,

IDH™" 1 p19q™ 41 F1 IDH™ 1p19q™ 41 £ 3 H 4F I8 22 5 6
Biit2E Y (1= -0.447, P=0.657), P4y WHO
I, W98 B 16 Jo 968 e ot Lo 9] 22 5% T e 127 78 3L ( Fisher
Ktk g P =0.600)

EfMEMN—HME 2 % EINN&E IDH™ 4,
IDH™ 1p19q™ 20 F1 IDH™" 1p19q™ 20 1) ¥4 . /)
{E. ADC5% . ADCI0% . ADC25% . ADC50% . ADC75% .
ADC90% , ADC95% . Fe KfH. MEL. WERE . IWBE. A
Wi R¥—M. W2z, WA ICC 43 HI7E 0.980 ~
0.990, 0.868 ~0.999 0.809 ~0.999, —FH:H4HhT,

IDH™ 4870 IDH™ AR pyE <15l ADC EFBEEE
SESHEITER IDH™ AW ADCTS% (Z = -2.309,
P=0.021), ADC90% (Z = —2.435, P =0.015),
ADC95% (Z = -2.464, P=0.014) . fKfl (Z= -2.106,
P=0.035), FpMfi2s (Z=-3.362, P=0.001), A
—M (Z=-3.449, P=0.001) FIHg2 (Z= -2.608,
P=0.009) ¥UET IDH"4, ifif IDH™ i/ MY (Z =
-2.367, P=0.031) F&RE (Z=-2.319, P=0.020)

P22 54 GEitA 78 3 (Fisher 58S P =0.006) .

W@ T IDHY 4, ZERAZIE X (L),

&1 IDH"4IA IDH™ 4B F K ADC B S HUL AR
Table 1 Comparison of ADC histogram parameters between IDH" group and IDH™" group

4340 Group SEH4{E Mean #¢/ME Minimum ADC5% ADC10% ADC25%
IDH"'#H IDH" group (n=14) 1631. 68 +400. 31 541.93 £232.93 975.36 +222. 67 1070. 43 +£257.23 1282. 29 +325. 67
IDH™"'4H IDH™" group (n=41) 1412. 84 696. 09 +122. 46 1008. 00 1069. 00 1196. 00
(1273.20, 1562.50) (927.50, 1091.75) (984.00, 1161.25)  (1096.75, 1331.75)
7/t -1.700 -2.367 -0.580 -0.155 -0.676
P 0. 089 0. 031 0.562 0. 877 0. 499
44 Group ADC50% ADC75% ADC90% ADC95%
IDH"' 44 IDH" group (n=14) 1564. 00 +386. 20 2005. 96 +579. 47 2264. 86 +630. 45 2409. 00 +618.79
IDH™'4H IDH™" group (n=41) 1352.00 1580. 00 1795. 50 2008. 00
(1252.00, 1555.50) (1410.50, 1745.75) (1601.00, 1944.75) (1732.00, 2210.75)
7/t —-1.526 -2.309 -2.435 -2.464
P 0. 127 0. 021 0.015 0.014
4 Group f F(H Maximum NEL Mode 5 B Kurtosis % Skewness
IDH*' 4] IDH™ group (n=14) 3617.46 +1155.23 1567.79 +532.24 -0.378 0. 408
(-0.997, 0.567) (0.025, 0.800)
IDH™"' 2 IDH™" group (n=41) 2757.00 1268. 00 0.938 0. 698 +0. 856
(2170. 25, 3387.00) (1136.00, 1603.50) (-0.386, 2.299)
7/t -2.106 -1.198 -2.319 -1.198
14 0. 035 0.231 0. 020 0.231
434 Group HRUfEZE Standard deviation AN Hg—4%: Inhomogeneity %7 Range 1 {E Entropy
IDH"'4H IDH™ group (n=14) 469.276 +168. 245 0.283 +0. 063 3074.46 +1103. 95 3.979 +0.230
IDH™"'4H IDH™" group (n=41) 283.981 0.191 2021. 50 3.941 £0.251
(218. 246, 355.416) (0.161, 0.233) (1406. 50, 2760.75)
7/t -3.362 -3.449 —2.608 0. 495
P 0. 001 0. 001 0. 009 0. 622
IDH: SAriERR i &8 ; IDH™ . IDH BFAE R TR; IDH™ ; IDH B RUR SR ADC: RMT BRE

IDH: isocitrate dehydrogenase; IDHY . IDH wild-type gliomas; IDH™"'. IDH mutant gliomas; ADC: apparent diffusion coefficient
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IDH™"1p19q* 850 IDH™ 1p19q™ 28 i b J8 £ 35,
ADC EABEESHFZITER IDH™ 1p19q™ AT
PIE (1=2.800, P=0.010), ADC5% (i=2.595, P=
0.016) . ADC10% (t=2.717, P =0.012) ., ADC25%
(1=2.988, P=0.007), ADC50% (t=3.099, P =
0.005) . ADC75% (1=2.646, P=0.015) KM% (i=
3.449, P=0.002) ¥{LF IDH™1ploq™dl (#£2),

ERERITEENH ADC HFESH L5120
AEDFLERFBRIME MNEFAGRITFELN
ADC H 5 EIZ%, KA ROC Mgz wisiae, it
BN, DU RS a5 A S e S R R
T A R (E . 25 R s b o 2 RS 35— 1k 501

é‘% 2 IDHmm 1 plgqim éﬂﬂ:ﬂ IDHmul 1 pl

IDH" 4 F1 IDH™ 411 AUC KT HALS %, Hrb, A
—VERy AUC 9 0.811, DL 0.229 MafibiE, 53808 fiks
SEEESY AN 85. 7% FNT3. 2% ;5 hrifE2Ei) AUC 4 0.803, LU
364.551 S #R KT (E, 72 O R R S R 43 0 Dl 78, 6% R
8% o, A1) AUC Z a2 R TG ITFE L (Z =
0.140, P=0.889) (#£3), AHCFI ADC25% 45 IDH™
1p19q™ 41 1 IDH™ 1p19q™ 41 AUC = T HAti 2%, AUC
I3 A 0,744 0.725, DIAKCH 1448.75 x 10 *mm’/s Ky
TR 7 6 1) — 2% 1) A0 P MR 5 18 43 50 oK 57.9% FI
90.9% ; L) ADC25% H7 1246.75 x 10 ¢ mm*/s b {5 %
Sl 3 R URE R S B 43 )R 63. 2% 1 86.4% . — K
1 AUC Z=253A 58 (Z=2.908, P=0.004) (£4),

9q" 4 ¥ ADC BT KIS M L H s

del

Table 2 Comparison of ADC histogram parameters between IDH™ 1p19¢™ group and IDH™" 1p19q™ group
il Group SF-Y4{E Mean #¢/IMBE Minimum ADC5% ADC10% ADC25%

lDHm"llplgqimzﬂ
IDH™ ' 1p19¢™ group (n=19)

1555. 67 +291. 16

IDH™ lplqur-l éﬂ
IDH™" 1p19¢®*! group (n=22)

1352. 88 +131. 38

130. 50 +127. 46

666.36 +112.49

1074. 60 +157. 60 1157. 82 +186. 10 1330. 76 +242.92

973.18 + 69.50 1033.36 + 77.77 1152.23 +101. 08

Z/t 2. 800 1.712 2.595 2.717 2.988
P 0.010 0. 095 0.016 0.012 0. 007
44 Group ADC50% ADC75% ADC90% ADC95%

IDH"" 1p19¢™ 41
IDH™ ' 1p19g™ group (n=19)
IDH™"1p19q" 4
IDH™ 1p19q* group (n=22)

1531.97 £293.75

1305. 82 = 131. 31

1176.92 +432.37

1499. 39 +159.78

1953. 05 +468.97

1728. 14 +226. 69

2078. 42 +477. 06

1925.39 £344. 11

7/t 3.099 2. 646 1.907 1.189
P 0. 005 0.015 0. 068 0.242
434 Group % KB Maxmium MREL Mode I % Kurtosis M JiF Skewness

IDH™ 1[)19qi'" ﬁ]
IDH™ ' 1p19¢™ group (n=19)

2976.26 +983. 89

1542. 89 +360. 62

0.718 (0.409, 2.812)

0.581 (0.422, 1.203)

IDH™" 1p19q ! 21 2776.39 £743.55 1231.39 +170. 04 1.191 (0.366, 2.289) 1.001 0. 616
IDH™1p19¢*! group (n =22)
7/t 0. 740 3.449 -0.183 -1.360
P 0. 464 0. 002 0.855 0. 174

434 Group FrifE2% Standard deviation AR5 —+E Inhomogeneity M2 Range J%{d Entropy
IDH™ ' 1p19¢™ £ 293.997 (215.918, 360.093) 0.177 (0.156, 0.232) 2234.89 +1045. 19 3.952 0. 284

IDH™1p19¢™ group (n =19)

IDH™" 1 p19q ' 4 293.734 +97.342 0.197 (0.166, 0.251) 1939.25 (1391.00, 2733.13) 3.932 +0.225
IDH™ " 1p19q* group (n =22)

Z/t -0.314 -0.915 -0.366 0. 250

P 0.754 0. 360 0.714 0. 804

IDH™" 1p19¢™ ; IDH FENZASARFEA 1p19q BB ; IDH™ 1p19q™ . IDH JEK 5825445 1p19q A ik
IDH™'1p19¢™ ; IDH-mutant 1p19q intact; IDH™"1p19¢®; IDH-mutant 1p19q co-deleted
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&3 ADC HJ IS Hoe IDH™ A IDH™ G 5O ) %5312 sk g
Table 3 The diagnostic value of the ADC histogram parameters in differentiating IDH" and IDH™" gliomas

HJ7 I 240 Histogram parameters  H{£E R £ Area under the curve HRIHE Cut-off value THURERE Sensitivity (% ) F S RE Specificity (% )
#¢/IMH Minimum 0. 706 560. 000 87.8 57.1
ADC75% 0. 708 1687. 750 71.4 70.7
ADC90% 0.720 1962. 000 71.4 78.0
ADC95% 0.722 2189. 750 71.4 75.6
# ]{H Maximum 0. 690 2849. 000 85.7 56.1
2% Range 0.735 2207. 000 85.7 61.0
4 ¥ Kurtosis 0. 709 -0.486 87.8 50.0
FrfEZ% Standard deviation 0. 803 364. 551 78.6 78.0
AF)—+PE Inhomogeneity 0. 811 0.229 85.7 73.2

%4 ADC {7 EIZHO IDH™ 1p19q™ K IDH™" 1p19q ™ B I8 Y % 32 Wk i
Table 4 The diagnostic value of the ADC histogram parameters in differentiating IDH™" 1p19¢™ and IDH™"1p19¢™" gliomas

E 77 K128k Histogram parameters {128 N Area under the curve FRWHAE Cut-off value TURRFE Sensitivity (% ) B i Specificity (% )
SEH{E Mean 0. 687 1546. 33 52.6 95.5
ADC5% 0. 691 1108. 00 47.4 100. 0
ADC10% 0.702 1177.50 47.4 100.0
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