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Classification of hepatic fibrosis stage based on

liver shape features using partial least squares

-comparison with biochemical examination of
blood and MR elastography-~

Moriguchi Kazuya
Abstract

In hepatic fibrosis, excessive hard tissue accumulates in the liver by repeated
liver cell injury. It is classified in five stage depending on disease progress. The
liver biopsy, which is gold standard method for diagnosis hepatic fibrosis, is
invasive. Thus, blood tests and elastography for measuring liver stiffness are
used as alternative method. The diagnosis for fibrosis using the liver shape
can be performed secondarily with abdominal 3D images irrespective of im-
age modality and contrastradiography. Thereby, I proposed the classification
method that extract liver shape features deformed with hepatic fibrosis progress
using Partial Least Square. The AUC values for the classification of hepatic fi-
brosis were Ave:0.871+0.035 (F0&1vsF2,3,4), 0.775+0.055 (F0&1,2vsF3,4), and
0.761£0.047 (F0&1,2,3vsF4). These values were superior to AUC values of pre-
vious method (p < 0.01). Furthermore, these values were lower than AUC values
of liver stiffness and FIB-4 (biochemistry score), although, it is suggested that
the method using shape and FIB-4 can increase the accuracy of classification
in fibrosis early stages complementarily because proposed method can classify

correctly some cases though FIB-4 cannot classify correctly.

Keywords:
Liver,fibrosis,Statistical Shape Model, & 47f/» 3%, SVM

*Master’s Thesis, Department of Information Science, Graduate School of Information Science,
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JEFNZITHEHO XL 70— 20 BETH5L WO T A Y v MRFETDH. 9 19
DxTT A KTZ 7 4 Th%H Magnetic Resonance Elastography (MRE) 1%, &%
WZRDEELZTT, INWVEBEFHMECTT 2208 TE D, £, ITHEZMICE
W, AUROC:0.99 LW ) @mWalrtiiEz m L7 & W o WE b ST o [7][8].
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V. FE T, RIERBIOIEFIEL D Z W RN D T <, I AARANE XS E LI TR
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B ZAT 9 AL, BT, TV A ~—IHEOBBICBWNT, ThhTEY
[14][15], ##5HEI%IZ Principal Component Analysis (PCA) 217\, BEFRO
RN 21T > TV D, M LIZI VT, B, BOKOITHFER IR ORI PCA %
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1.2.4 FAHEOEHK

FERIC L 22WE, XV 7 ¢ R0ER - FEERICED LT, oW B Tihce
L7288 = kot mig S HiuiE, RIRAICHRMEL « P 2285 2 LN TE,
BRI L 22 M OREEE 3 1 00X, Tt b2 RN A T& 2t | £
5. Fi, BRICEDEBOBWORE N R L3, —EOEH CT - MRI k¥
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ID. AR TIIIRIRIC K 22 Wr ONERIEDRIE R Th o 7o MR Eai it 4, #
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AHFIE TIE I NLHL IR BE D> DR 72720 7 53 JEF] (B 25 4, ok 28 44 4F
i 37~88) Z Mz, B3JEFNIITFAEMRIC L > TAT—VZ2Ean Ty, A7 —
SOMRILFO (EH) 76, F17513 #1, F2 25 15 6, F3 2 7 5l, FA(FEEZE)
DILBITHD. AT —=VHOMBOFT 2R 2.1 IR L7 [I8]. £ EHDIEH]
T, 1&E¥ MR Ei, mMRE(LFRERN SR, MRE CHIE U7 Tk o E L3
(Liver Stlffness) EROT7T—Fty FThHY, mikAEFRAEEE L Thil, PT,
Alb, AST, ALT, y GTP, PLT ® TIHH CTh 5. IRIC X B0 FHOREE 2 7Hil
$%72%, Liver Stiffness & Mk EFREFRIED 1 > Th 5 FIB-4 Z o5 &
T %. FIB-4 13 MILOERE 2T+ 2 A TIER SN2 a7 ) U T 2T
LTHY, ERICBETHHENSIND2AAREETHL. AEIFAaT V7T R
TLADOFHBERXNPAR SN TND Z &, FgrFFd 5 MKk LA H CHE ATHE
R LMD, G s L TR A A RRIE & LT FIB4 28R L7=. FIB-4
OFAEREZX (2.0.0) IR L. 72, ARICE > TS brTr—o L
FIB-4 OB AKX 2.3 |ZR Lo, B2 BRME(L A 7 —2, #{tih2s FIB-4 Th 5.

#iif X AST(IU/L)
PLT(109/L) x ALT(IU/L)
BRI L o TRl SN LA T — ¥ C MR OB &2 X 2.2 12 Uiz, ffih
PRAEALA T — 2, fEMAHMERTH D, R21ITRLIEL DI, ko T —
DIFELFRNCFESNIBEFRETH D P, SR - FIB-4 &M EA T — VI
& D —TEDOKEE CHRIZHENRAIIND Z & D, RIFIE TITRMEIEA T — Y ORIE
PEEGE L, EREITO. £7o, MGIEFED DRV H, FO & F1 245017 2 3
FE <<, K23, K22 28 FE %, AR TIIRMEEIH TH 5 FO & F1IEH
HBL, 120RAT—=UET 5. £7o, BHEARITHE D IFBIIROZE 2 R T 2720
T—2ty FOFO&L, F4 L0 1H1FORO, K20 |25RLL7k.
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ME AL, BHALAT =T 20T 5. BETIE L TR A O H o By
IZBWT, LA T =Y OHFIC LY 5 TE 2880 235 2 m Tk Rk
LIRS,

2.3 HERZRIEREZDORG

MR, #i{4 O T8k 2 T8 CHhiH L, Marching cubes 3% [19] TY—7 = 2 %E
FNLEERT D, KR TIEY —7 = 2B F VTIOR8 140 1c FEL Al hg 72
4000 SOTEREH WD, ZOFIEEZK 2.4 (TR LT,

JENSTE AR A %2 DIREE S AT /A0 BRI 22T K » THFIRALE I IT 5 D & 23
FAET D720, FAEOIEFILEIT I LEN S D, ED7s, R O Tk
BE TR ESDEZIT, ITFEAZEOESEZIT S . WERER A2 RS 5720
(2, FEYEIEGNIATFIRIEE RO AR OE SN T =2 v bORTHRED & D
EHERATS. =Tz 2ETAEHANWT, MEFETAEBET H-0IKE, £To
FEB DZNENDOTER A MISMTT T 20BN 5H. 2T, IEFIIC AV 5L UEE
B2 BIEBNZ T T, H—T7 = A= ZDIEMURALE S D [20] 217V, B THRIC
KIGAHT 21T 9. Y —7 = AT T IVITEA O ST OF 2 X 2.5 (2R3, sbiafhir
NV —T7 2 AT INVEK 2.6 DX IZTHREFRED % FFO Mt T — X (T
L. THED 3WITIAER7 "y pi(i =1, 2,..., m) 2 (2.3.1) L EHTH. 7272
L, mIFET—42%8, nZHESHETS.
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BT~ 27, (c) il M, (d) —7 = A7 ML

2.4 RriERRFEOHE
2.4.1 #¢%k% : Principal Component Analysis (PCA) #&tETIL

PCA % = FEIRR AR B 00 B 2 9% [16)[17). 2.3 ik 0, Tk
BNy R L p 2R (240) O X5 ICRT L HSHATHIER (24.2) O X 5 ICER
na.

1 m
= — S p, 92.4.1
P m;p (2.4.1)
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4 2.5 JEBIHE O REED G T

2.6 Y —T x RAETINEEHET — X~

S=— > (pi —p)(pi —p)" (2.4.2)

Ko HATH S OEAEHMEZFEE, BEAEN EEEN7 ML o 2/ LnTE
5. ZokE, QEFAEHLEEAEARVIEICZ> TS b0 L35, RICEAMHE
PE VIR k BoBEA~R7 rzfngd &, PCA Wit 7 13X (2.4.3)
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DEHYITREIND.

p(si)=p+ Z D555 (2.4.3)

j=1
ZoLxE, EAXT MV OIX, FBEIROEREZRL, TOERETHD s ITEA
XY MVOFFOERORE -3 720, FIRFEE L TERTS. X (2.4.3)
X0, KA s; 133K (2.4.4) TRODHZ ENTED.

s; = ®T(p; — p) (2.4.4)

HESE LT 03T 7 L 08— IO AT 2 ) 2.7(a) 127 Lz

2.4.2 1ZFE% : Partial Least Square (PLS) ZRAW#MEETIL

Hi 2.4.1 T L7- PCA # WG T VISR A e d LS RBITEX 5
IR EEHIT H. ZD®, MAEIZLLIBROENE, FEERIZLDHBRO
TALNIRIET B 2 ORI B W TIE, AT —Y OREICE S T TR
B a9 2 SRS 2. B LR T — P ONBEICH AR & 3 IR TTIELE
X7 MANLHMHT D701, BHEEAT — Y LGB R KIS L 9 ek
TR FF A HH ATRE 72 PLS % 3 WROCEAE~ Y MV OWRSTHIBICFIH T 5. £,
PLS &m0 m/N “RELE bEEND. kb EI<MLBATWS PLS o7 va ) X
A'NIPALS'[21] %L FIo Rk LTz,

step0 AFNETE D 3 IRITTFEFER 7 h L P LML AT —Y y #hiMb L, P,
Yo, Yo=0&7 %5,

stepl Py & yo DN E LT, NTAME w, = Py ZitH+ 5.

step2 KFAME w; ZHNT, BIEEK s1 = Pow, Z31H T 5.

step3 yo & s1 FICERL, BEURETILE g1 = 9o + s1(sTs1) tsTye &
T 5.

stepd 51 EICENF L7-RFORAE Py, y1 A L, IMATEEINS 2035, stepl
PO A ZtRREENGEOND TR KT,
P =(I-s(sTsy)"1sTP,

y1 = (I —s1(sTs1)7 " s] )yo
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F7z, PLS # WM ET IR (24.3) DX HICRT ZENTEL. 2L X,
A w %, LA T — LGB EOWITIRIP R OLTE 2R L, O/
Th2d s ITEANT MOROEFOKRE S 2y 7o, THIRF#E L TESR
T5. FIEGNIR(2.4.5) (IZMllx D s; # AT 22 LT, lx DIFIBIIR 2 £
DILINTED., R LIEHFEFTAOFE L4 2.7(b) 1257 L=

k
p(s;)) =p+ Z W;8;j (2.4.5)
Jj=1

-20 average +20

(a)

-20 average +20

(b)

2.7 (a)PCA ZHWi=#itET v, (b)PLS ZHW#atET L,
H 1% +20 25 —20 £ TEH)
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2.5 Support Vector Machine (SVM) & AU = 558

SVM I F@lli 2 6 iRk — b _7 b v (FEfFEORER) £ To~—Y 2K Kb
T3 55 AMAE A BT 5 FETHS. AT T FO&] vs F2,34, FO&1,2
vs F3.4, FO&1,2,3 vs F4 D350 2 7 T AE(TH. AT — VDT ~CITE
HEEDHEIT LTV 5 27 7 A% Positive: 1, & 9 — 512 Negative:-1 2% 0 H4 T3,
Fio, JEFEDODIRI LY, RERTIIME D —2 X (2.5.1) ZH WD, E-T,
BIAE R TH B Decision value d; 1Z s Bk ko L x, X (2.5.2) DX HIcRE
5. wlit k WoeteEex2 bV, biZnA T RAIHTHS.

K(s, ') =s"s (2.5.1)

di =w K(s, s')+b (2.5.2)

DL E, ANTSNTFRIR AT A —% s ZFFOREHNIL, d; > 0 T Positive,
d; < 0 T Negative L 3FEIN5.
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FHINTH AL TV DAL OEITIZ LR 5 TR RER A L 2 & BRI FHE T2 2 & & H
e LT D. 238OFIETEM Ui & 3u 7z FFIg ik T8 SRR 2 2 7 —
CHHIOFHMEEFRE L, V=T 2 RAETAEER L. £, FAT—VOFHK
2T 57D, AT —V FO&l OV RZEEL L&D, —T7 X
BT VOmEBEICHEMBREAZBH L, WIS, ElREEEZ D 7 —~ v 7I2Y T,
=T 2 RAZEBLEELOERI2IR L. K320 —7 2 X ETHLIFBS
NWTWDEIE, AT —2 FO&1 OFHTRIR & 0 FEiffi, H<EBIN TV DES
1%, A7 =Y FO&l OFLIR IV IER L TWHES TH 5.
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3.2 EBER2: FEMIEORT—I9HE
3.2.1 EEREH

WEHRIETH D PCA ZRHWTZREHET A0 B LB IR R RIETH
% PLS & WM HE T Ao b i L7 IFBR IR A e A1 & L, SVM
ERAWT, BH(LAT —U0EEITo 2. RERIINERE, BREBEEOHE L LA
TD 27 7 AGFITEBNT, b-fold ZAEMFEEZ 4 50 [MRAAT L. ZobE,
T 5 IR FF R O W ITIX, 87— Z WD leave-one-out 22 Z R HE T Receiver
Operating Characteristic (ROC) #i##® Area Under the Curve (AUC) 23K
7 bWt E BRI LT-. F72, FIB-4 & Liver Stiffness 1Z 1 IRocOEETH 5 7=
D, JPIRICE D FEL Ry, BEEZZ® S ROC Mh#f 2 1ERk L7z,

3.2.2 MERE

AT = VOB E L LT, ROC #hifaBH L, M# TomfETths AUC
ZRMIRE & Uiz, BR/XT 2 —% 13 SVM THH L 7= Decision value, MRE (%
Liver Stiffness [kPa|, Mig4{b P IL FIB-4 # £h &k st, £ ROC
ZERR LT,

ROC #1348 #Z True Positive Rate (TPR), #i#iiZ False Positive Rate (FPR)
LD ENENORREAEX (3.2.0), X (3.2.2) IR L.

TruePositive
TPR = 3.2.1
TruePositive 4+ FalseNegative ( )

FalsePositive
FPR = 3.2.2
TrueNegative 4 FalsePositive ( )

3.2.3 RNEHER

50 [E1 > b5-fold AZZEMRAETHF A7z AUC X 3.3 (128 L7z, B2 el4Tm Th
v, fithhs AUC TH 5. £z, Ko, MERFETIF VR, BEFEITRVE
MTERISND. 50 Bl 5-fold ZFAEMFED T AUC LiFEHERAE, XU FIB-4 &
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FO&1 vs F2,34 F0&1,2 vs F3,4

1 1
vy X o \ -y Vo ] h
06| 1 06| W
[} [} i
-] -]
= =
0.4 ] 0.4
02+ ] 02+
- SEEFE (K) - SEEFE (K)
REFE (K REFE (K
0 : ‘ : : 0 : ‘ : :
10 20 30 40 50 10 20 30 40
trial # trial #
(a) (b)
| F0&1,2,3 vs F4
08,
06"
(@]
-]
=
0.4
02+
- fEEFE (K
REFE (K
0 | | I I
10 20 30 40 50
trial #

(c)

3.3 50 [ElD 5-fold A7 MFED AUC
(a) FO&1vsF2,3,4, (b) F0&1,2vsF3,4, (c) F0&1,2,3vsF4

Liver Stiffness ® AUC #%E 3.1 (IR L7z, (ERTIEERETIEMT, 27 7 A5%E
ZNENTHIED®H D t MEZITV, AEKE LD TENDLERL 2Tz, R
D=, 50 [\ 5-fold 22 ZEMFED Decision value O &EfFIfE O F-HE % Decision
value & L72IFD ROC #i# %X 3.4 12~ L7z,
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# 3.1

) AUC L e

Tk

F0&1 vs F,2,3,4

F0&1,2 vs F3,4

F0&1,2,3 vs F4

ek FiE G2IR)

0.791 * 0.049*

0.715 = 0.067*

0.728 = 0.056*

ERFiIE O2IR)

0.871 = 0.035*

0.775 = 0.055*

0.761 %= 0.047*

FIB-4 0.921 0.895 0.829
Liver Stiffness 0.942 0.966 0.952
*p<0.01
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4 3.2 \ZR LTc AT — URIEEJER AT Tl%, F0&1:20 41, F2: 15 i, F3:7 {4,
FL11 e, DEOTF =2 2R LIZERTH 72, BHELOEITLE & bIig,
FEIENNER, AENZE T OMALBET LN TE L. M3 ITITRLEZL DI,
Al =27 =2V Th, FRROBAZEIIRE S, 4%, FERICHEMRT 57—
ZEWERT LT, AEIC LD PR~ ORENRM S, X0 AR RRHE L

TICHE D TR LB TE 5 LB ATV 5.

4.0.2 HFHE#ELEDORT 58

3.2 TRLULIEHEIREZBEZT 5 L, F2, F3, F4 OFHRROBIITRE 722
BENHDHICHID ST, EROMETITEWVEE COETE R o7, 28, F
BIGAR K0 IFF SALTo R R & EBRO EBRFERDB R IR ST O % 2 OBLET 5.

I, AL DHEITICEE D TRAIRDOZBAIZIES S E DN RE L, BT 2 27—/
%ﬂ%LwT EMEA 2T D, AT IZHRME LA T — U OFEZRIED Decision
value DFONFHZR L7Z. WTnm 2 7 7 258 THHE TR OB IZZ2bid s
<, ‘LI DFECTELAT—UTHD FO&l OF, FEONFD ) v F ™MD AT —
VEBRERSTELT, FRIEN 95% OEHEE THORAT —T L HRENRZRS.
LT, SHEOKENME) -7 F2, F3, FAIZE2THONTD /) v FR&ELR->TEHE
0, BEET AT —UHOSBENRTE TWRWZ NS5, K4.2 (2 5-fold 587
RREE 50 [FIOEE BRSO IER 2R LTz, (a) IZ2TD 2 7 7 A TIEA SR
N 1.0 ThHho7- FAJER], (b) FO&l vs F2,3,4 TIEASR 1, FO&1,2 vs F3.4 TIEX
2 0.16, F0&1,2,3 vs F4 TIEZHR 0 ThH o7 F4JER], (¢) £2TD 27 T AT
EEEN1.0 Thoe FLIESITH D, H4.2(a)(c) D & 5 72 AR el D ST
[ZPES EFEDIEK « HEEDOZFEE &\ 2 AL R T DIEFNEZHR 1.0 L TELL
DETETNDLI NG, b5 —EDORE THRMILIZPE S TR OEL 3 R L LT
HHTECWzeBx b5, K42 (b) X F4 OEFITIESH 52, MR
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FEIEDOREK « HEOFEMHMNTE A EHEZRTE 202, F1,2,3 vs F4 OIEERIL0
EVIOFERIZIR ST b DIZEBLETE L. ZHICEY, BHEAEITLTWD H O
D, WREEEOEEZ L CWRWERN NS D Z L 2R T /-,

#5712, PLS & HW TR R 24T D BR, S b2 7 — 2 & LM &
72D X ITRHE AT 5720, SEFIEN FO&l, F2I2i> TWAHEEIOT —4
Ty MZBWT, FO&l, F2 OOFITA M2 TR A f U7z aT et 2 2815
5. o T, FO&l vs F2.3,4 BHORENEL Zeolz L TIT 5. ZOwEeMEE,
PLS OHEEIT —F {5 AT —VHEICTH I L THRAET 22 &N TE 5.

PERIEIL PCA Z V572, ML & 1XBIE L 72V MIE A ZE & 2 5 IFg R o
N =gz LTLEIRE, T LY, AT —VHHICHE TE DR
I TE 20T TRV, BEFIETHMEOEIT L HEDOH S EEL A B L
THIHT o720, ERFEICHS, SEEERRELILEEZLND. WTho 2
77 Z4534Eb, FIB-4, Liver Stiffness ® AUC IZIEZfm 2o 7= b 0D, JFIER
T, BRIZIBWTREL & OBIfRDIT 23S L TV D I & bt LT, FO&1
vs F2,34 LB N THKRE S EbbARVKE BT 2 - L 8 CE7 1. {340
F0&1 vs F2,3,4 LV, FPR: B L% 0.17 5 0.57 KEIZHBWTIRZEED TPR 2B
FIB-4 % EF % Z E PR TX 5. FO&1 vs F2,3,4 O3 FEIZE W TR R IEITIK
FENEL, FO&l OJEFZ F23 4 IZBZ2 L TLEI 2 &b d D0, HimioiLEL
LTIEHTE Dt d 5.

WIZ, &7 — X W DOREF D534 & fead 3 5 129, #4215 Decision value, FIB-4,
Liver Stiffness ®ZNZiL & MlIZ & > 7= 8K %2 X 4.3, X4.4, K4.51ZRLT.
i, FO&1, F2, F3, F4 ZJIRIZ’C)Y, "%, A, '’ T7m v kL7, F72, Decision
value & OBIHEMEZ 2728, $-EIED 50 B0 5-fold AZZEMFEIZ B TIEZA RN
0.3 % FEI>TER 2R, ZOMOMEFZE FB L. K43(a) kv, FIB4
Tl StageF0&1 : ') DEHFIIIC/HAT 5 FIB-4 5 3 LLTFIZ F2:x 28 6 FliR S -
TEY, FIB—4 OETITNHET 2 Z N TE RV, LT, $IREFIED Decision
value 1%, Jeal L7z 6 BN, 3 23 Decision value >0 T 0, 1EL < Positive (2
DT HIENTETWDS. 1E-T, BEEIINZIBNT, FIB-4 OfETIXIEL
KHETERVWEGAETYH, BIRTEHELLKBETELZZENHDHEFEZXD. £,
Liver Stiffness I8\ T H RIEROMMAE T TIEH LN THND. Lo T, i
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(a) &2TD 27 7 AN CTIEAEN 1.0 Th 7= F4 FEH,
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FIB-4

Liver Stiffness [kPa]
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KX T, BAECEDZBIROEWE, FREICEDBROLBLNEET S
JFIRIZ 3T, PLS I8 X o THAEILICHE O IFIBR IR O Z R 2 it L, #ikl 2
TV ENET A HIEERE L. EBRTIX PCA ZHWIEHE T T L EMIEE
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