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33 A8 Li C P and Dong J N.2020. Advances in preoperative identification of subtypes and lymph node metastasis of cervical cancer by IVIM and
texture analysis. Journal of Tmage and Graphics,25(10) :2093-2099 ( Z53 -, #7177, 2020. IVIM J& S04 BT 7EA 57 T 5 s 24 70 Rk B 55 5 7
BFoEaE . hE B4 TR 447,25 (10) :2093-2099) [ DOI: 10. 11834/jig. 200128 ]

IVIM X 432 5 fTFEE AR BI Ll 5 S L 2
MKBE LM RITR

S

L ZRERIR AR A SR BE , AL 2300015 2. b ERREH AR MBS — B e (LB L EEpe) , BIL 230031

W OE: ANZRTHEZNASHET B3P BOnA % (intravoxel incoherent motion diffusion-weighted imaging,
IVIM-DWT) B S0 B A AL A Fi5 25 51 B S0980 20 202 0 80 Bk [ 25 % A8 1 i PR Rz F 1k R . MIRT( magnetic resonance
imaging ) /& B SV I R AR FTR T2 BRF 2R 7 . B SUR ISR 80 oA TOk D 25 7% 5 B 12k
FE T B A G . IVIM-DWI Sy MRI BT R D) RE AR HOAR , He D (B S 4 2L A B4R 43 1A Bz 3l 75 S 1) 4
S W S i R 2 20 i 2 B T 5 G D BRI f (B RESR AL IR LN U HE T AR B . R R B T ROR
(texture analysis, TA ) il i S IR 4 UM SORAFAE JEA T 2000 € 1 4300 , BEAS I A HRAS BB 1031 Y 96 4 2 A 1o
AR, 5735 5 22 IR LU IR A1 55 e B AR, A e PR AR i 000 B S5 088 A [ 4 21 28 0 R e ik R 5 4 it
TAlRE,

KEEIA B B R WA T2 s UM AUS R (IVIM-DWI) s SCHUMT s k25 5 7%

Advances in preoperative identification of subtypes and lymph
node metastasis of cervical cancer by IVIM and texture analysis

Li Cuiping', Dong Jiangning'”
1. Affiliated Provincial Hospital of Anhui Medical University, Hefei 230001, China; 2. The First Affiliated Hospital of USTC,
Division of Life Sciences and Medicine, University of Science and Technology of China, Hefei 230031, China

Abstract: Cervical cancer is an important public health problem worldwide, and its high incidence and trends in younger
generation also attract increasing attention. The biological behavior and prognosis of cervical cancer are closely related to its
histological type and lymph node metastasis. Cervical cancer has many histological types: the most common type is squa-
mous cell carcinoma, accounting for about 80% ; the second most common type is adenocarcinoma, accounting for about
15% ~20% , whose incidence is increasing in recent years because of the prevalence of cervical cancer screening. The
rare types are adenosquamous carcinoma and neuroendocrine tumors ( small cell carcinoma) . Their incidence is about 5%
and is increasing in recent years because of the cervical cancer screening. Cervical squamous cell carcinoma is more sensi-
tive to radiotherapy and has a better prognosis, whereas cervical adenocarcinoma is less sensitive to radiotherapy and prone
to lymph node and hematogenous metastasis. Small cell carcinomas are sensitive to chemotherapies due to their particular

origin, prone to early lymph node metastasis, and have poor prognosis. Determining lymphatic metastasis based on magnet-

U F 5 :2020-04- 14 ; f& [E] H # :2020-07-03 ; i E) A% H #§ :2020-07-10

B SR P o BEABHINL 55 2% 2 5055 5 95 B (YD2150002001 ) 5 2 BU48 BT B AUAF 4T H (1804h08020294)

Supported by : Fundamental Research Funds for the Central Universities( YD2150002001 ) ; Anhui Provincial Key Research and Development Pro-
gram Project ( 1804h08020294 )
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ic resonance imaging (MRI) is the main factor to evaluate the prognosis of cervical cancer and formulate treatment plan. In
the early diagnosis of cervical cancer, 10% ~30% of patients have lymph node metastasis. Thus, the evaluation of pelvic
and retroperitoneal lymph node metastasis of cervical cancer before treatment will be directly related to the choice of treat-
ment options and prognosis of patients. Although cervical conization and lymph node biopsy are the gold standard for the
diagnosis of cervical cancer histopathology and metastatic lymph nodes, the limitations of sampling and the heterogeneity of
tumors do not fully reflect the histological information of primary lesions and metastatic lymph nodes of cervical cancer, and
biopsy can increase the risk of tumor dissemination. MRI is the commonly used imaging diagnosis and staging method for
cervical cancer before surgery. Intravoxel incoherent motion diffusion-weighted imaging (IVIM-DWI), a new functional
imaging technique for MRI, is a multi-b-value and bi-exponential model diffusion-weighted technique, which can separate
the random diffusion motion of water molecules from the microvascular perfusion effect and reflect the diffusion information

of biological tissues. The main parameters are as follows: ADC, D, D*, and f value. The ADC,

stand

, value is similar to the
ADC (apparent diffusion coefficient) value in a single-value DWI ( diffusion weighted imaging) model, which reflects the
combined effect of tissue diffusion and perfusion but can simply reflect the diffusion movement of water molecules in tissues.
Given the influence of the elevation of microcirculation blood perfusion, the measured values tend to be high. The D value
reflects Brownian motion information of pure water molecules in tissues and indirectly reflects cell density in tumors. The
D” value and f value provide information of microcirculatory blood flow perfusion in tumors. Moreover, the D* value prima-
rily reflects the blood velocity of microcirculation, whereas the f value primarily reflects the blood volume of microcircula-
tion. Therefore, IVIM-DWI based on multiple parameters can play an important role in tumor characterization, staging,
typing, and prediction of lymph node metastasis. At present, artificial intelligence (AI) plays a role in all aspects of peo-
ple’s life. Texture analysis (TA) technology is an important branch of Al research. Medically, TA has become a new
research hotspot in Radiomics. TA uses corresponding computer software to extract texture features of lesion tissues from
images for objective and quantitative analysis based on imaging images, which can detect microscopic changes of tumor tissues
that cannot be recognized by the human eyes, and reveal gray distribution and quantitative data features in tumor tissues. To
date, TA is based on images such as computed tomography (CT), MRI, or positron emission tomography (PET) /CT.
Three methods are identified to obtain texture features: statistics based, transformation based, and structure based. Among
the methods, the most commonly used method is statistics based. Texture features include first-order features, second-order
features, and high-order features. First-order features, also known as histogram analysis, describe the gray distribution of
individual pixel values in the region of interest, including mean, variance, skewness, kurtosis, and entropy. Second-order
features represent local texture features on the basis of the relationship between adjacent 2 pixels. Common methods include
gray-level co-occurrence matrix, gray-level run-length matrix, and gray-level area-size matrix. In addition, high-order fea-
tures analyze local image information by applying gray-level difference matrix of adjacent pixels to reflect the change of local
intensity or the distribution of homogeneous regions. TA can quantify the distribution of texture features, such as signal inten-
sity distribution, morphology, and heterogeneity at the lesion site, to reflect the lesion features objectively and comprehensively.
Therefore, TA plays an important role in the qualitative, definitive, and differential diagnosis of diseases. Researchers interpret
texture information in images on the basis of imaging images, combined with imaging technology and computer Al technology,
through the analysis of quantitative data, which provides a possibility for clinical preoperative prediction of different histological
types of cervical cancer and metastatic lymph nodes. This article reviews the recent research progress in the clinical application of
IVIM-DWI and TA in the preoperative identification of histological subtypes and lymph node metastasis of cervical cancer.

Key words: cervical cancer; intravoxel incoherent motion diffusion-weighted imaging ( IVIM-DWI) ; texture analysis

(TA) ; lymph node; metastasis
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FRE, BIIT / VIM REEESITERBITRN SUEL RN BEEBMAERE

T, B UK IR LSS R 9 A 43101, H IR H R
AP T 2 AR 2 K VP4 (Lee FI Ati,2019)
LR SR P 9 AN R B 9 1R AL TR B I G
PR S ) 22 A B A8 AT DA /R bk EL 45 1 KN B S K
5T RHIE (B R BAR ( Zhang 55,2017) o AR
B SRV S B o T R IS W SR A
5 RE RS IR L A5 W SRt  (HIE , 2 HOb 1 JRy R A
IR 11%) S5 Jo P 52 i N R 4 T S B S AL 2415
pSNER I T i PR s
BRI LU A 2R, meR WAL
IR AN NIE , o5 2ok 80% 3 HU R DL Y Oy i
o7 LUy 15% ~ 20% , HLFifi 5 F 398 0 A 1 34 S, H
RIFFE F TG D DA Sy IR i g T b 48 PN 43
WL TRIEE (/N AR ) o B SR S T AT,
TRURRA 35 o, LTI AR B 5 P S0 i X LR 9T
() U B s 2, o R HE MR TR 45 S M A T 5% 7% (Jon-
ska-Gmyrek 55,2019 ) o /N2 Hi i e AR5 K o U8
X FAEIRYT LA U, &) PR A5 54 88 TS 55
2o MKPERZAG2EFIWTA TOM 25 7 B 2 PPN B U
e B il a2 36 97 v R 32 2 K (Lee Al Auwi,
2019) . 7E'E S 2 I, 10% ~ 30% 1Y R
TEAEIR BB S5 5685, IR B S0 )T B PEAl B 3000 200
SRS A ok EL s R e Bt IR R BRI T RN
PERES B T (Lee F1 A, 2019)

1 IVIM-DWI ARuI i E 3= H A
FRAENPARAR

Y BN % ( diffusion weighted imaging, DWT)
e PP T4 A A I P K B SOUE I 2 1
A BAZR AR (Le Bihan 55,1986 , u] L2 SE
BRI H VS KRR . SR B AR B (ap-
parent diffusion coefficient, ADC) &y DWI %€ Gr i iR 5
B, NS RIZH 2L 7K G5 -4 BiovE 22 S 80K 97
PRI 5 AN [ 240 M S A P 2 L 0 LA S ST
SERY A EAE P S , ADC {832 3 i e T i 46 T
SR, HCAAR RSB OIS 371 I AN BE M1 Sz ke
IR LUK o T B R . 28 T, Le Bihan 45
N (1986) 54 £ b (EAHEE DWI LAY, /{4 %
NAHE T 128 sh 3 U AL B 4% (intravoxel incoherent
motion diffusion weighted imaging, IVIM-DWI) £ K,
ISR BAMA R KT TR 269 Hi0s Sl B 20 1L

B LG BF X 43T, 0 TR B & 1 24 b
(=4 1) (BB 55,2013) K4 XS B i i1
CAEEEI P 2 S |

S(b)/S(0) =fexp( = D*b) + (1 =f)exp( — Db)
A, SCb) AHRE b (EHY DWI {55585, S(0) Jy b
{E O i) DWIAF SR, D LN K I3 -4y
BUCREC D™ A PR HE AR OC RS R R BR i
1 DWI =k 0 Bl 5 kb 451 ( Tamura 2§, 2012 ; Chan-
darana ££,2011),

FT UL E R, IVIM-DWI 9 #8 5¢ 2 80 AE B 35
SRS 3 o3 AT R8P AG v %) 1oy 32 e
J WA BTl B 2098 20 27 S Y 19 I R 107 FH A
FABE LT RE

IVIM-DWI 75 S8 12 Wr i 3173 2 e R 43 3
FBCHT7 7 S80 VE A v 07 BB, e 4 A
(2018) Fe fi] 75 F& 25 A (2019) BF 5% % B IVIM-DWI
AR ZH00T e 20 2R i Ak K% fieb g o A8 A i O, 78
B SR 112 T SO B 2R A e AR B R . R A
AEAN(2017 ) K2 A4 N (2019) & F IVIM-DWI
[ S S RO B SR 5 IR SR X AR
HEAESE N (2016 ) K il 58 N (2018 ) AW S48 th
IVIM-DWT {845 5 2 500mT 7 it o e 2 S50 1 4H 412
REAE A7 BT 200 B SRR 2 R

IVIM-DWT $ARTEA Fij Jo B P Pk B 2598 K H:
85 B iR 2H 2R 2 S B 1) 107 P AL 1 22, kR A
(2018 ) Ay 46 531 B 200 38 9 11 i Ji g e B D BB
MSECRAF R WIS WAEE , J5E D 2 Ji 98 i i e 4
I AL SR R e A AR B AR e g 20 i 0 0
ZRBRLT , A R BCERAL 5 T B ) B s 20 ff 2
HEF L A SR R SS R % . R IG R D
EH MR AR, IVIM-DWT 25015 Wl PR 227 HL A 5L
e I — B0, HEA VLR Y AN (2 8 . B, 1%
ARA] DATRANZH R 0 A6 I IBORE 1) JR B, 4 i AR i
W SR 2 AL SRR HERR I

2 gESWMARMMAETIEARF
BHMRHERE

S|

S (texture analysis, TA ) 2 R A 5%
AR 2 AT T IR, O i i s 12 1R
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SIS B 5 5012 L 23 9% 53 R ST RO 45
(Gillies 4§ ,2016; Cai 45,2016 Li 45,2018 ; 3K F] XC
85,2017 s X1 -2 MR %, 2017) o H T, SCH BT 4
AREETEMG i FLIR B 2 1 SR IR 12 K
SPRCPY Al K 10 f5 0 o 7z 8 A (McLaren 4,
2009 ; Ganeshan 4§, 2012; Xie 4§, 2018 ; Brenet 4,
2019 ; Vignati %5 2015 ; Zhu 25,2018 ; F &l F1ig ik,
2018) ,

H I, SO BT BoR 2T A8 2= BUR,
FHRE AL, 81 i A FLAT A [ R 53 2 A 5
2 (2D EHR) 8RR (3D K1R) m =S i) A, IFgeit
HA (IR S 53 PE OxF HE BEAVR 45 ) Z )5
T H S UE B0 5 235 2, 4 B S0 LA AE
F4E . — B RFAE, SCFR B 7 B 3 B, R SO R X
(region of interest, ROT) PN EEANMR ZAH 09K E 434
ALFE 24 {H (mean value) | J7 2% ( variance ) | i &
(skewness) | W& FE ( kurtosis ) 145 ( entropy ) ; — B 45
METHEEAHAR 2 AR R T 2 PR F8 i) SCHARAE , o ]
7 AL H5 K B 3L A= Hi B4 ( gray-level co-occurrence
matrix , GLCM ) FI R %6 B4 ( run length matrix, RLM )
S5 5 R BTRFAE A I GE T 7 vk 20 B R AR ) JE 54 B
(v 55,2019 02515 ,2017)

LU A A IR 2 RS R R N e R R T MIRI
(' magnetic resonance imaging ) , 5t MRI E{Z S )
#r (MR texture analysis, MRTA ) & 0, g % F T2-
weighted imaging (T, WI) .IVIM-DWI J dynamic con-
trast enhanced MRI( DCE-MRI) , & 7 3k 5535 . i 340 .
iR B K DU fi rh A o L A B T A R E R S
FETE AT, SCRE X ik 722 F Je A g kb B0 0 14647 X
Oy VPAlT , SR W s bR ok PR AL R R Kk
Grio Jakola 25 A (2018 ) % BRATHIUAFAL 35 2] 1 n] LA
XA RION I I (low-grade gliomas, LGG ) (& 1Y
SRR R i & i (isocitrate dehydrogenase, IDH) 43
T (P A R EE 578 A ), MRTA o AR i 4343 Fr ke 2]
HEANFEAE o Sun 5 A (2018 ) -1 58 5 14 15 73
PR T ANAL GG BOINA &5 BT 52 i S0 A
AETESEAT B T 4 551 L B8 19 73 7 224, MRTA Ry %,
Wi o3 WS T AR T — SRR Ae . TR A
A (2019) Fil E 264855 A (2018) & B i@ 1 DCE-MRI
AT, WI H 57 912 B0 & ) SRR IE A Bl T 48 5]
175 WY 40 L A s LS R 0 s B e £ A
I, I BA B I ALRE .

TEE U o3 B 05 W 58 R, TS A
(2019) ¥ DCE-MRI {20388 73 Bt £ A8 1o % g AL
FBl o R 5 LI — B KL BT P e B SCBR AR AL
TE S B B 5 UM, BB SR )
i HAT R 912 BT AL BE . Ciolina 25 A (2019) i
FH T2 A AR A B MRTA. 7 B0 e 96 X6 A7 Bz
JrTRR I T ARG TR R B VE AT, T ELA7E 4 5
R ZU 2T T R T RRE R . Ik, MR-
TA A7 B T AR S8 1 /- A R R0 T

3 EARBEREES IVIM-DWI
FAGLR 53 A AR AR B HUR S 32 ik BB
RN R R

2018 Jg1~F S FIGO 734 2R G4 4 I I ik 12
SR BRI A G Bk TR, IFAE N
Il RTG 2R A g #h 78 1F L & O 62 A5/ X
LRI EHRZE 15X ( positron emission tomography /
computedtomography, PET/CT) #{I\ FJ& PEHr 73 15 il
I F R L 25 5 % St A 3 % 1Y S5 A D7 15 (Lee FI
Atri,2019) . W15 PET/CT AH] ], MRI 2% 2 1%
PE(Awi 55,2016) . HETC AR AR 1 8H BV
RIER ADC (B 5k 4556 78 Z A B A AH G, Horp
P15 ADC X ROT ARSI B/, AT LAAE Ay F00 2 55000
IR LS55 RS 1 — A 7 T 2 5000 1] (Mongula 45
2019) . IVIM-DWT [ 2035 43 A B AR FE AR i B 5
AR B Z AL D50 B AT AR R 2
— TSRS i ER LR S L A A M IR 1Y
WP C UG TSRS R, U X 2 RO s TEROR )R
T 12 W AR N0 5008 A L 4 e 7% O T R A AT AT

H I, B NS A 22 OF o8 3 T g 4R T, WIL
IVIM-DWT J DCE-MRI [) (33 Bt 5 A A 5 700
N WA s A S NN NS s Al N RIS - da
I AT B A T A {8, 1HL TG ok T AR N T
10 mm FYFERE IR EL 45 5 15 SR PRI AR b T 25 4
HISWIEIE . BT R L CT A1 MR 32 22 24K ik
ELEE R/ AR > 10 mm) (G5 OLHEBER) |
AT s A e 4 B2 RS 5 R PEAG Mk L 45 5 %
(CHFORIZHIELL 2017 ) o X T RIAREU/ N 5 R itk
EEEAEINIE 6 T RAR BRI R P AR Pk T &5
o2 . IVIM-DWI 454 SCH A7 BRI AT DL
WP BN JE s e A U T 45 A e 20 i
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F, E15 / IVIM REEES I EARRT S VR LN BEEBMRERE

o R B S A B, AT R B A gt
MRI A Wy 245 531112 W itk B 285 0 22 ) PR o, O 'Y
S R A2 97 AR 31 436 5 2 L HE B 13 5 AR 2
W*EO

4 % iE

IVIM-DWI £ A AT LA 735 7K - S 5 259 il
FRLHLUK T BN BIR BRI 5 A5 S TR] 45 i )
By ST g S /I R 240 P SR TR B K 401
PR 20 AR A oW B 8 e
D {E D™ {EFN fE AT ARSI 7 Al — E R b 20 E
S I AR AR SR AN SR HEV) IS RS 2 T i
AR . MRTA AR 2R Z AR . R
MRTA Jij ] 5 #5095 1) 2H 2R 27 R i 0 5 AT Ak T4
Fr B, P HRE A IR AS RE V01 ) 7 Ak K B
AR , 755 S50 V. 70 1) 485012 W D Tt K
&M

IVIM-DWI £ARFIEET MRI 9 S0 3 B 5 AR 7Y
G546 B STEIRYT IS R VAL E SR 4 4 B e
LI B I 8 4 e % 5 A L 77 T A 4 R
VERT; B BRG A Al B — A5 3 i SR A i
HYUAN I e ZE NI RBP4 2 02 i ) 1A
P, SRANA TR I A 14 5 BR P B P g 2 2 55 Jo 1
JIT S ERHIS W AN 9 AN, 35 e SR T kS
BE AR, BA B TR o
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