MRI 8B IEERED AT T.; BAEImE
B EDHNYT AR

EFRAVEAEZ XL, ZHE L EKB L, EKH L BRE K K2
(1. T g R 22 ] I B, Al B K R 22 S AR 58 0, I m R 30 47500052, Ji1 B o 5 25 K450 — [ E
BEBE, W AR 450000;3. W g K 2F B E S G0t 2# B, W JF 8 475000)

o OE.[HM] ST IR % (magnetic resonance imaging , MRI) 80 BERRAIF A2 & 43 B FH T 28500 T, 5
Y01 E o 9 S BV SRS ME SR AN A8 o [T s ] Bk 4307 15 128 T AR BLE S T, A2 T, W 9, HL7E
AHTPT R AT B MR 2 BF5 41, B0 903 4] 208 B0 0 7% 0 8 0o W G T WLl 2 R R g 5 T 2
T, Hop T, W8 BEHR 41 )2 Ty W1 7 BN 40 )2, 7E MaZda FRAF /20 i 55 A5 B MR X (region of
interest , ROT)H& UG A8 SCFRAFAF | FHIZ 400 4 435 1) SCH AR AF 26 % 05 76 vP 1% 22 £ B (mutual informa-
tion, MI) Fisher & % (Fisher coefficient, Fisher) . 43 28 48 12 8 R Bk & 7 4 #H 5¢ R £ (classification error
probability combined with average correlation coefficients, POE+ACC)3 Fl J5 i & (Fisher+POE+ACC+
MI, FPM ) i 412 B 20 B E 17 [ 2 b B A5 2] 30 A SCBRERAE | SR 5 2 1 4 100 1) 80 3L R AE 43 25 93 M
AR ME 412550 BT (nonlinear discriminant analysis, NDA) X} 81 MEAR ST 020 ¥, R4 RS54
PN 114 SF- 5 1 E A8 (between-category to within-category sums of squares, BW) 1535 il £& 53 A7 1 (decision
curve analysis, DCA) i Hy 3 IR ARAFFAE , IF ELEE T % 25 5% . R H ZJC Logistic 17109 & ROC Hh &1t
BT B G RS WRcRe . (2] 81 2 BRI HERRYE R 92.6%, LA T, WAIEG AR B PE4 |
Ty B G AE S B AR 20T 55 Uy 93.0% , K7 5210 93.2%, 12 %0 7.0%, 112 %4 6.8%. LI BW
K DCA J5 ¥ Ui 1 4 W5 2 s 00 R A0 A W) i 3 A S AR RRAE 2 S(4,0) - 757 Fll (sum of squares, SumOf-
Sqs).S(5,0)SumOfSqs . S(3,0)SumOfSqs , B REHE T A 22 5, = WA 1Y BURE FLRe 5 1% 43 51y 85.0%
F1 70.4% , 1 ST (1) RO RS 520 43901 4 80.0% 1 62.9% ,80.0% 1 62.9% ,72.5% 1 60.3% ., = FH B &
B 37 1) SR AR SRS AG T 30 N SUHE NDA /32K 45 50 (4518 ] T, W B e 5 A o e 22
S, MRI SR AE 5 12 3 T R84 T, 5 01 51 9 040 R BIDRG ME 20 J01 42 A3 AT 5 20 AR

KGN I SRR 20T T 20300 RS e 030 5 iR 1%

FE 5 E S R735.37 XERFRIREG A XEHS :1004-0242(2020)07-0554-07

doi; 10.11735/j.issn.1004-0242.2020.07.A013

Preliminary Study on Precise Staging of Rectal Cancer Stage

T, ; Based on Quantitative Analysis of MRI Texture Features
WANG Bin-jie',ZHOU Yan-ru®,JIANG Ao-tian', WANG Chang-fu', LI Chang-bo', YANG

Xiao-hui*,ZHANG Lan?

(1. Huaihe Hospital and Research Institute of Medical Image , Henan University , Kaifeng 475000, China;
2. The Fist Affiliated Hospital of Henan University of Traditional Chinese Medicine ,Zhengzhou 450000,
China;3. School of Mathematics and Statistics , Henan University, Kaifeng 475000, China)

Abstract: [Purpose | To investigate the quantitative analysis of MRI texture features in differentiating
heterogeneity and precisely staging for rectal cancer stage T, ;. [Methods] Clinical and imaging data of
15 patients with stage T, ; rectal cancer confirmed by postoperative pathology ,who underwent rectal high
-resolution MRI scan two weeks before operation,were retrospectively analyzed. The images which were
more satisfied with the axial T,WI were selected ,and 41 images were selected in 8 stage T, cases and 40
images were selected in 7 stage T; cases. By MaZda software , the region of interest(ROI) of the lesion was
delineated for extracting the texture features. The mutual information (MI), Fisher coefficient(Fisher),and
classification error probability combined with average correlation coefficients (POE+ACC) were provided
by the software. The Fisher, POE+ACC and MI,and FPM(combination of Fisher, POE+ACC and MI) were
used for screening texture features,then 30 texture features were obtained. Nonlinear classification analy-
sis(NDA) was used for classifying 81 samples. Three optimal features were screened by the methods of
BW (between-category to within-with-the-sums, BW) and DCA (decision curve analysis, DCA),then com-
paring the differences of the result. The diagnostic efficacy of three single features,and their combination
was analyzed by using binary Logistic regression and ROC curve. [Results ] The accuracy of image clas-
sification in 81 samples was 92.6%. The sensitivity of T, image as negative group and T; image as posi-
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tive group was 93.0% ,the specificity was 93.2% ,the missed rate was 7.0% ,and the misdiagnosis
rate was 6.8%. The two sets of optimal characteristics were selected by BW and DCA methods, the
first three optimal features were S(4,0) sum of squares(SumOfSgs),S(5,0)SumOfSqs, S(3, 0)SumOf-
Sgs,and the efficiency order was different. The sensitivity and specificity of the combination of
three optimal features were 85.0% and 70.4% ,and the sensitivity and specificity of three single
features were 80.0% and 62.9%,80.0% and 62.9%,72.5% and 60.3% ,respectively. The sensitivi-
ty and specificity of the three single features or their combination were lower than the results of 30
texture features NDA classifications. [Conclusion] There are significant differences in the hetero-
geneity of rectal cancer stage T, ;,and the quantitative analysis of MRI texture feature may provide a
reliable and objective basis for precise staging of preoperative rectal cancer stage T, 5.
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B 12 27 AR BOR Bk ik a2y K R B e
HEr 2R O A3 T BRI, HEiER
FEIRIT RUT AN E, 37 7 LR aIh
I7 o T LI R iR 2% 23 (CSCO) 45 LW 297 6 e 4
PR BS (magnetic resonance imaging , MRI) [
W Ry T AT L 8 6 o IR A B (HAE MRI
B X E i T, 5 T W T T R H A
il 2% 5 A3 JBE 100 4 W ) o R, EL S22 B R AR Y
285 FMHZF BRGSO AR W] Ll —
S AR JIE i 7 i R 0 S B 1, AS SCHR B i FL MR S0 3
FEAE 3BT T B 98 To 5 399 57 Jo 4 4 031 4 B %o
R 1 5

1 #ABEFE

1.1 ERER

VEHL 2018 4F 4 A 2 2019 4F 3 A W78 B K
AT B B AT L W G R R R A ) L R R
G, AR UE ., D2 FIE S 1Y B IR T, AR
H s QErHE TWI 4, BRI B A 678 R T
W7 5 DR IR 8 1 O A7 A S TR, HEBR B
I - COAR J5 95 2235 5 oA 286 80 it 18 A 1 98 . i
Hihm BOREE QWKL EURE G 5 2%
(5 s IR kRS o AR IRBE 5 2

15 BIFF & S AR G0 3R T, T, 1 3 Bl 4l
AARMFGE, BT ARG 75 95 BRAE by e 5 il J] el R
FE K R A2 12 Wik Al . 4F % 50~81 %7, F 3
RIS (65.0£10.4) % . T, 1] 8 Bl HL 41 2 &%, T, 1]
7 BRI 40 Z B 3t 81 A,
1.2 MRI®&EF*

FERE LR IEAT AT, ZoR B HE S S iE

4’ ® ’@ 2020 jf‘ % 29 )& % 7 8  China Cancer,2020,Vol.29,No.7

K 8 P4 1] 28 W Verio 3.0T ®E SEHR AL, 2
B R, KAHMEML, FHF I LS.
T,WI % J 56 R 47 : TR3500ms, TE101ms, %H B4 288x
320,FOV230mmx230mm, JZ J& 5mm, 2 [A] ff 6mm;
T,WI B M 4K A7 : TR3500ms , TE84ms, % Ff 403 x
448 , FOV200mmx200mm, )= /% 3mm, Z 8]} 3.9mm;
T,WI B 7 4l 47 : TR4500ms , TE101ms, % % 322x
448 . FOV160mm x200mm, JZ J& 3.5mm, JZ [0 i
4.6mm; T,\WI B % 1 %l i . TR634ms , TE12ms, Fi [F
336x448 ,FOV160mm x200mm, /2 J& 3.5mm, JZ [A] i
4.6mm;DWI B 7 #4177 : TR5400ms , TE93ms, JH [
120x160,FOV221mmx260mm, JZ /& 4.5mm , J2 [f] i
5.9mm; T, W 75 BB AT . 000238 35 8 i I 00461 ) 371
TR4330ms, TE105ms, % B 260 x320,FOV192mm x
240mm, )28 4.5mm, JZ 6] 5.9mm,
1.3 BE®EE

FR B 1 5 A% 9 24 5 38 5 R 48 (Picture Archiv-
ing and Communication System,PACS) 1 #EHL T,WI
5 ok R BRI, (R S ARON K Pl
BN R, K BT BUE BHR N PACS S iR
DICOM #% =0 K T,WI JE Bl S 5 A MaZda Sk
R T DN L B R 5 B A S U A R SRR 2 A ) 5
M), 55 Xof RGBS A T 48— AR AL 3 Fh 3 o7 /e AF %
A A2 Wi 28 56 00 T30 B B I AT B R DX 35 (re-
gion of interest, ROI) ¥ & & 4% , ol 454 T,WI.DWI
JE 4 Ky T W EHR LA Ok ROT X 387 55 4% > i
I8 DX 38 K BT B A RO X 38l 107 8 et o5 ok 10 %
/4 Imm,
14 BERoESH

(D& 28 45 4232 IR 26 ROI XI5 MaZda 54

B

*




JUTRFAE LA 279 A SCRRE S AN T . BT R [ 34
{H (mean), J7 2% (variance) , i & (skewness), 1§ &
(kurtosis), H % (perc. 1% ,10% ,50% ,90% ,
99% ) 1, K BE M A= 5 R [ A B2 — B 5B (angular second
moment , AngScMom ) , X} [t B (contrast ) , # 5 HE (cor-
relation, Correlat) , % (entropy), Fl % (sum entropy,
SumEntrp ), - 77 Fl (sum of squares,SumOfSqs), 1
¥J (sum average,SumAverg) , Fll J7 2% (sum variance,
SumVarnc) , i 2% 434 (inverse difference moment,In-
vDfMom ) , 224 (difference entropy , DifEntrp) , 2% 5 77
72 (difference variance, DifVarne) (XTT 4 4~ J7 11 (0,
45.90.135 J£) 5 MEFWEEE (W =1 2
5)1, WA [HFAREKEIEYSPE (run length
nonuniformity , RLNonUni) , JK & 9 ¥ 5] ¥ (grey level
nonuniformity , GLevNonU), {2 & (long run
emphasis, LngREmph ), JJFFE4#E (short run em-
phasis,ShrtREmp), W #2519 15 70 %L (fraction of
image in runs,Fraction) ], 48 X £ & (absolute gradi-
ent) (B B ¥ {H GrMean, J5 2% GrVariance, 1 &
GrSkewness, I& % GrKurtosis, 3F % GrNonZeros), H
[B] S A5 KU [Tetal -4 (parameter 01-4),Sigma (parameter
o ) AN AR 4 (Wavelet ) (/N5 22 45 22 B0HY fiE 1 0 il
4y LL.LH HL HH 4 43 & L Al H 73 5 % 7~ AR
Fl B DR A, A S A REETHERG RN, lan
WavEnLL_s-1)

Qs34 AL 5 i 7 ok AR IUBCHRRAR (5, T 1
P A S5 U BCRRIE . MaZda A 3 Filb
SUPHL AR AR FEAE L FE T R R, f 45 Fisher & %X
(Fisher coefficient) , 73 2 55 1R HE IR 51 X A 5C R 4L
(classification error probability combined with average
correlation coefficients, POE +ACC) DA M 22 H {7 &
(mutual information,MI), _iR%&EANT7 i3 0] S $EH
10 N Ec 2 A B HNI2 W R SORRHIEE, S0 3
A 77 R A (Fisher+POE+ACC+MI, FPM) , ] % £
ERIESHCA 30 4>, ARWBEFE TR ] FPM ok
i 16t AT S S RS WA (B A S B 2

QL 345 FE 5 7 ik :MaZda G143 B #2 ¢

B B11, JH T 8 8O S8 miab 2 B 5317 F
SUEARE 528 o TG AR R A0 100 A, B0 4
o T B8 o3 S e By BT Y O vk« TR a0 A
(raw data analysis, RDA) £ P70 2520 #7 (linear dis-

556

criminant analysis, LDA) . & %} 43 73 #7 (principal
component analysis, PCA) DL S AE £ 4 73 2543 H (non-
linear discriminant analysis, NDA ), ] H]iX $E25 2 53
Bt 4326 7 2R X g AL 4ig e 91 114 22 o SO B S 50k A T b
RO, AR R NDA J kst 81 AMFEAR HEFT 43
%K, BEZES LIRS 81 DA FEHI MR TE |
HURME e IWi2 3 RI2E, N 30 DEORERE
HfiE 3 AN ER A SCE, PR A ST S G SO 2
Wr &L HE
15 SZitzEaE

LA SPSS23.0 dEATGE I, M SLAEAS o A 5 XF
P52 SCB 2 JOH AT e T2 22 S K B (P<0.05) , FE AR
A IES M, RTG53 22 5 B S5
K HALR 54 W05 F L (between-category to
within-category sums of squares , BW)F1# 55 il £k 53 #r
% (decision curve analysis, DCA )i 3 ) 3 /> & L4+
1E, I A Wi 22 57 . FIH —JC Logistic 7115 & ROC
i 2 THIA = F T SR A T2 W RE

2 &5 R

21 T, BHEME T.WI BEREIEHFE NDA 7 EER

PLFPM SR 1E 1 30 203, M7 AR ¢ G
WoRTH SO EA B E Gt 25 7 (P<0.05) , FEA
FEIESSA, H NDA J7 kst 81 A~ FEA 30 4
T,WI LR SR AT 532,30 A SCHLVRRE ¢ K 40 45
UL 1(Table 1), Hrp 34 T, HIFEA 32600 T .3
ATy WIREA SR 260 T, 11, LU TS 90 BRI 4L, T, 18
BHPE X BEZH 15 e i v R 92.6% , fE%: 93.0%
RS 93.2% , 123 7.0%, R 12 6.8%,
2.2 T,WI 8k 503 0 1% .12 T 5 B

DL BW 5 0 Al 3 AR ARAE, 5108 S
(4,0)SumOfSqs .S(5,0)SumOfSqs .S(3,0)SumOfSqs, 4
Kl 1 (Figure 1), L DCA J5 ¥k i % i 3 A de AL 4y
fiE 43 51 4 S(5,0)SumOfSqs . S(4,0)SumOfSqs .S(3,0)
SumOfSqs, 4N 2(Figure 2), BW K& DCA J5 ki i
PIZH B AR AR AR ), 28 RE HE P A 25 5% o DAAS B 5 v 4
AW E W B T 4 W AR i 3 A S R AR AIE Ry
F A8, YEAT 0 Logistic 181043 #r DL A 7 23t
AECA MR, IR R = BCE Kol ROC 2k, tn
& 3 3 2(Table 2;Figure 3), = # B Ay MM Fn

% @ A7 2020 F % 29 £ % 78 China Cancer,2020,Vol.29,No.7



H S350k 85.0% F11 70.4% ;S(4,0)SumOfSqs S H
18 BB R S 1 430 R 80.0% 1 62.9% , cutoff B

53911k 80.0% i1 62.9% , cutoff i} 1541.797;5(3 ,0)
SumOfSqs £ B 1 HUEE M FRE 5% 430 ol 72.5% il

1 1576.828;S(5,0)SumOfSqs SR URME AR 60.3%, cutoff fH 2k 1643.555, = H WA Kb 37 1 fi ek
Table 1 Results of 30 T,WI texture features of T, ; stage rectal cancer PR S PR T 30 LU NDA
Texture vaules of T,  Texture vaules of T; A gt
Wi ifittios stage lesions(N=41) stage lesions(N=40) i
S(3,0)SumOfSqs 1569.1+71.5 1666.8+90.2  -5.409 <0.001 . A
S(,0)SumOfSqs 1521.4+74.8 1632941004 5675 <0001 3 W B
S(5,0)SumOfSqs 1487.5+79.1 1602.8+1102  -5.423 <0.001
8(2 9 2)Sum0f5qs 1599.0+72.5 1683.4+96.1 -4.467 <0.001 E% J—g:,; E(J jl%; ‘(E ﬁ%ﬁ ﬁ HjJ ﬂ: ”é?l
S(5,-5)SumOfSqs 1466.7+89.9 1578.9+1223  -4.717 <0.001 - .
1| 5% A YE 1178 Y 2z
S(2,0)SumOfSqs 1629.5+66.2 17012812 —4358 <0001 VREECEMUE SIS MRS %
S(3,-3)SumOfSqs 1533.5+81.4 16413+1085  -5.066 <0001  MRI K2 Xf B 3 1432 W R R4
S(0,5)SumOfSqs 1540.8+80.8 1649.5+1153 4924 <0.001  HA B9 3FA% F W22 7 ) A 40 o 1
S(3,3)SumOfSqs 1532.0+75.2 16350£1053  ~5.078 <0001 g ymial e MR K T8 5] BB
S(,4)SumOfSqs 1492.0+80.2 1598.1+110.6  -4.955 <0.001 e, .
Horzl_ RLNonUni 3364.3£723.0 4132729860 4007 <0001 TR LHA R IR AT
EL o
Perc.10% 214.4+62.0 2694535  -4265 <0001 U, SECTNM S 300 B0 f
S(0,5)DifEntrp 1.9+0.0 1.9+0.1 1.877  0.064 AN BEE AR ¢ K EE ¥
WavEnHL_s—4 61114.7+30146.8 45515.8+11600.9 3050 0003 gy kR AL EA T R
S(1,0)SumOfSqs 1692.0+63.2 17349+739  —2.811  0.006 - , .
AR 03] 25 (TR B & e
Tetal 0.7+0.1 0.6+0.0 3.056  0.003 e jﬁ » HIFESL A JRBTE 9 12
S 1.0+0.3 0.7+0.5 3731 <0001  WTHRTREIE TR AREUR A2 AR 41
135dr_RLNonUni 3427.8+742.7 4201.5+1007.9 -394 <0.001 AT, B MO AR 7 B 3 B9
Perc.1% 119.7+65.2 1559554 2713 0.008 5y 3k [ e S P 1 BV B A 4R
S(1,-1)SumOfSqs 1679.4+63.4 1726.5+82.7  -2.884  0.005 W T ] LA B
Rl & T W H A B E i
Mean 402.8+73.3 495.2+890.0  -5.104 <0.001 %j P 35 u ™
S(4,-4)SumOfSqs 1492+85.9 1605141184 493 <0001 BAERIAE, HT, WA TS WAy
Perc.50% 355.4+57.9 4452+102.8  -4.859 <0.001 ZWiHERCRRAC, KWLk, R Z
S(5,5)SumOfSqs 1467.3+81.9 157201141 4752 <0.001 2% F S TAfaf$2 T, W15 T, 1
S(,0)SumVarne 4469.6+463.3 49757+518.6  —4635 <0001 puisese eI BUA BESE
S(0,5)SumVarnc 4445.0+514.1 5043.9+651.4  -4.599 <0.001
i 4 12 W 2 {1
S(5,0)SumVarnc 4064.5+428.9 4564565522 4558 <0001  VEWIBCHGEHT AL R AR 2 W B
S(0,4)SumVarnc 4801.9+509.4 5372746195  -4534 <0001 WS TES . Su AT LLIE
S(3,-3)SumVarnc 4512.9+519.3 5057.7£570.4  —4.498 <0.001 %[4S HE S IERE 3 i — 2 E % Ab
S(0,4)SumOfSqs 1576.0£76.0 1668.7+110.3 -4.416 <0.001 fi?ﬁ*ﬂé%ﬂ@(fﬂiﬁtﬂ: B RE

Notes : SumOfSqs :sum of squares; RLNonUni:run length nonuniformity ; DifEntrp : difference en-

tropy ; RLNonUni : run length nonuniformity ; Tetal : parameter 61 ;SumVarnc : sum variance

FH Bt A DX P B8 K R 2

1800
1750
1700
1650
1600
1550
1500
1450
1400
1350
1300
1250
1200

Feature

0 10 20 30 40 50 60 70 80

Samples

S(4,0)SumOfSqs

Feature

1800
1750
1700
1650
1600
1550
1500
1450
1400
1350
1300
1250
1200
1150
1100

0 10 20 30 40 50 60 70 80
Samples

S(5,0)SumOfSqs

Feature

1800
1750
1700
1650
1600
1550
1500
1450
1400
1350
1300

0 10 20 30 40 50 60 70 80
Samples

S(3,0)SumOfSqs

Figure 1 The top three optimal features selected by BW method
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Table 2 Three optimal textures combined and
independent areas under ROC curves

Test result variable  Area Szt 95%. coitiEaes
error interval
Combined curve 0.882 0.039 <0.001 0.806~0.958
S(3,0)SumOfSqs 0.835 0.046 <0.001 0.744~0.926
S@4,0)SumOfSqs 0.840 0.045 <0.001 0.752~0.929
S(5,0)SumOfSqs 0.831 0.046 <0.001 0.741~0.921

Note :SumOfSqs : sum of squares
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