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Using Kernel Logistic Regression

MiHo OHSAKI'® KENJI MATSUDA! PENG WANG! SHIGERU KATAGIRI' HIDETO YOKOI?
KATSUHIKO TAKABAYASHI®

Received: December 31, 2014, Accepted: August 12, 2015

Abstract: For diagnosis and treatment of chronic hepatitis C, there have been studies to predict the stage of
liver fibrosis using the results of clinical blood and urine tests. Many conventional studies used multiple linear
regression (MLR) and logistic regression (LOGR) as classifiers and could not achieve high prediction perfor-
mance. There exist a few studies using support vector machine (SVM) which achieved the better prediction
performance. However, SVM has drawbacks that it does not derive the posterior probabilities of classes and
is not easily applicable to multiclass problems. We propose to apply kernel logistic regression (KLOGR)
which possesses the advantages of LOGR and SVM and evaluate KLOGR through experiments to compare
it with the conventionally used classifiers. For each classifier, we estimated the prediction performance by the
leave-one-out cross-validation in two-class problems, one on the seriousness of fibrosis and the other on the
existence of cirrhosis. As a result, KLOGR constantly outperformed other competitive classifiers including
SVM. Especially, KLOGR achieved 8.32 to 12.50% higher prediction performance than that of MLR and
LOGR, which have been most frequently used. With this result and the intrinsic advantages of KLOGR, the
effectiveness of KLOGR in liver fibrosis stage prediction was clarified.

Keywords: chronic hepatitis C, prediction of liver fibrosis stages, kernel logistic regression, support vector
machine
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1. FU®IC

CRIFIEY 4 W ARG T 5 LA SIE RS L, fRA
70 PR RERRESE & PRI OTEL DS U B 7 4 b R & TR
RERESEDS 6 7 A DL Bl d 2% 081, C BUBMERFZ & E
N5, CRIEBMERF4I21E 10~30 £ 52 B CTHBEZER TS A
CELEND DY, THETIX 150 T NE R 5 EGeE
FAETAEVDIRTWAS [22]. ZOFRKIER L BED O
(I, 12N 2 BRI OB & A & R TP SEAL T %
AL DS (A (LA 7 — ) 28T 2 LEH
»5.

JFAEIL OB E: & L Cid, EERI L 72 s % =
RSB SREIZE L, FO~F4 O 5 BB 2 7 — V%47 ) T
ERDPTERTHL. LHL, TOHEIEBEHNTIA MR
VA Y OREDH %720, REFERE L TFHRMELZ T —
DHEATRA SN T E 72 18], [26], [27], [31]. &B, I
T ) A7 — VHEE L, BREEBIE DAL O MR 2 15
FHWLHEE D AT L0 [H LIFEREIT o720 b1E, B
MG 5 THHIAT—V] R LELZ L, HDH W
&, B LE M2 7562 LTHL.

JFRRAEAE A 7 — DB ITIT KB L TRD 2 DD HENDH
B. 120F, 27— V#2479 3 HEE IR - PR O M il
AN L, EROH Y ITHEBRBAT — Y DR %
W3 % 58:Ch A [15], [17], [20], [36]. b5 12, BF
B\ RS L 785 i o OB 2 WAL L, BRRiASZ OB %
RCAT =V 8T 5 HETH 5 (7], [21], [23], [24], [33].
BIRTZ, E6550FE0HEEERI SV 2IZEL T
EFEED D, HEOBIIEAAR 2R E REDSHFEET
% [7], [21], [23], [24], [33]. H#EEMEREDM B2, &4k
DYFE L FEOMATIZ L 2UHFEDOVTNOPEETH A
9. AR TR, M - RO & 538 & e
AL A 7 — VHEE DU I IR 2 & <.

MERAFIED L L1, e LCERYR (MLR: Mul-
tiple Linear Regression) 1 Y A7 4 v 7 [Al)E (LOGR:
Logistic Regression) % fl\xCTw27225, HEEMERED 512
BWEidwvwndwv, 72720, LOGR 37 7 A DF %M
WRONLFIE, %27 7 ANDWRDES TH HFm%
o (18], [26], [27], [31]. K= P77 ¥ =<2 ¥ (SVM:
Support Vector Machine) %@ L7058 Cld, HEKM&
WIEETEREDIE N S N5, SVM 1213 7 T A D HiihiER
PELNL, %7 T ANDIREFES TE RV E v ) [
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WS B B [20)].

DEFRIFFEN T HEER O MBI 2 TR o RE b &
5. BARBICIE, HEEISHT AR EOFFHE ORISR L 5
HEROREEXB LTV WT &, &ifgersEn2nEs
LMADT— % L GMEEE MW7z 0 I RO B T
PREZ R T E W EDHITHNAS.

PLEoWERX Y, KifZ7eTid LOGR & SVM OF| S % &
bEFFOr -2 ua I X7 14 v 7 FE (KLOGR: Kernel
Logistic Regression) OWMH X RE L, ZOHRMEE FEE
HGEES 5 [25]. FEBRICHL T, RO —BMEZ2HET 5
IV TF =y O EENRET T L bIT, THEED
B CHBORMELH VD 2 L THEEDR R Z STFIC
L a3 4. WREOTF—5 1y bh 5 i 7%
MAEHHZROEL, SWOOMEBEEE»S%2D, »D,
SHEEHOMTHET 2HMEL AR T 5. ZofMET
WEEBR AT, fEREH SN g kiR A2 kT
KLOGR OF®MEHO 2T 5.

K LOMRIILLTOLEBY TH L. 2 ETIE, HERD
AL A 7 — D EORA FHHT 5. 3 TETIE, itk
e CHW O NG LRI L 2 A 5, RIFZE T %
%95 KLOGR ICDOWCHHT 5. 4 ETIX, 4 %o
HOHEE e % LI L, KLOGR ORI % Mk L 725
BRIZOWTHEREG, 5 ETIE, AGHLOF Lo LL5HBORE
PLAEIRT.

2. RO 7 — JHTE

JERAEILA 7 — DHEEICBI T 2 N & LT, ARRES,
T, g, HEEMHREOMAEELH T I LA TE
5. BUE, M tomws s (FO-F1/F2-F4) 25083 5
27 7 AMEEFMEDOHE (FO-F3/F4) 25T 527
T AMES— 3 RETH 5.

e AT LATELER, FEfEAL, 2O 3 BRE
5%, IO OEFHERIIHEICKRELFT TS, 1t
RIFZEDO B TIEATLIIZ B L T b 2 LB L ns, §F
BE, SEdE, T, ZUREVEAIIELR o TW
7z [15], [17], [18], [20], [26], [27], [31], [36]. ZD7=®, {4
DFFFE T b N EERE M E G L7200 & ET
SR\ RS, WO THEEVERE & BT & 2 W REDS
Hoto. HeEtkRe (GEBRSHIT A2 7 A, FFERE
FoltBEIBONIELWY AL EORE—HT
%) OFHIi T, BEFET— YA OWE % EE L THEED
AR IV D T A%\,

LRI, TERMIZEIC BT 2 R LR & Feiea i, 23%84s,
PR ERED T AMED K £ 12OV, SHIZFHL (N2,
PERDFLILTIE, BAHEICHFICERIREINA 2\, &5\
=1 AT 47 ANHED E—EROBAE & W B L T
Wi FEEES T, R T — Y R ) o viRER
DRI A OMAAE 2 ATHH & &2, 557~y
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MVEFE L LT, BEEICHVARAETHE L LT
&, JIRDE= 5 ) > ZHIZHIE S5 8H O - RS
2, REZEC P25 A DTREVEDS SE O N A BB\ FE T 5 A5%
WA BT SN S [15), [17], [18], [20], [26], [27], [31], [36].

FEEARA ZAT 2 ALK T 2 5 2 G 5 b 7:
0, UK HEEMREDTE e B 2 L A%\ [15], [17], [20], [36).
Lo L, FERe o leasouatEict), EELTBY I A
F MRV E DMK - JRIAETHWIHEEHEEZHEL 2 LD
HmThsd9. F72, FEHESLHEHHFOUEILME - IR
FIZRS T, BERAELHWHEEICOEBKL D 5.

ERPEE &b %) 08, FICAGICED L TIE—
Iz, BRI T 2MEEOHLZLE LTy 7 ADH R
MHEEZEML T 5 4], [30]. T/, HAEIMEEOHL
WZIZ2 7T AMENRERTH 525, NEMIZFO-F4 %
HET A5 7 7 AMERR) ZLdFEZLNE. ZNHD
HE5AT A, HHEICIE MLR 2 LOGR % W 7206 A58
Mo 72 [15], [17], [36].

LOGR 3JEHMIC, HEEMRE & HI27 T XDOHEETE
K (FFRAELLA T — VHEOLE I AT — Y OFEMESR)
T E, 7 7 ANOIWIRNPES &) FIT D FEO.
MLR i, LOGR ® & 9127 T ADFHBIEFR & EHE ¥
B2LDTIELEL, %7 T ANOIEEDES LTV \ni-n
0, HHADEHBIWZIHNWSENDL ZENSho7z. L
ML, INHEBHRIBOFBNER L »ERBITE 2ww, H
T LT ERRIIR O NS,

FAETIE SVM O b /o, ZOIEMIE 2R 5E R
DFEJFES) LM~ — D VKA D SPULEEIIC LD,
L EBWHEERRESE SN TV A [20]. 2O, SVM 12
137 I ADFBHERIES NV E VI BEEH L. SVM
37 9 ADFBMEROHEETIIR L, 77 ADOHEEWRED
mMEZBRLTEET L. wxIg, BRI R1 e
DEBMERICHT 2w BN TE 50, BMELE®RTDY
T ADFHMERIIES N, T2, 7 T ANOHHED
BH TR, SVM O% 7 5 AR S % 5% [11],
FOFMITELEET>TBLT, 2277 AHD SVM 2%
77 ANEMT AHEERT T A REOTRHREPLE L
h.

HE5E VEBE 0 FFAMH 0 FE4E 121, AUC (Area Under the
Curve of a receiver operating characteristic) %, Acc (Accu-
racy), Sens (Sensitivity), Spec (Specificity), PPV (Positive
Prediction Value), NPV (Negative Prediction Value) %%
»5 (1], [2], [3], [26], [27]. 72721, AUC (E Ao FHM sk
CAXER Y, 8T A= F BB T B G O R % K
T, T A A CEBIN R8T X — 7 LA L
HIZAUC ZRLETH 5205, e /NT A — 5 3E FOHE
EVEREDFEIZ (A2 72\ [14]. RIFFE IS RE 22 /8T A —
%ET OHEMNRICERZE 0T, I AUC
WAl 7 v,
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Acc, Sens, Spec, PPV, NPV %% (1) II/RT.
A, ERPENS 7 2EHMY, NI3ET—-5%, Nre,
NN, Nep, Npn 13, %4, BEEYE (True Positive), H
Fat: (True Negative), 5814 (False Positive), 2Bk
(False Negative) O 7 — ¥ $TH 5. LN L EM % 5 X
LTH5 D0efiifdE & b HEH S5, HoH L, Bt - Bk
ORI OMENREEZ R L2 &2 EXL T Ace YAt 4 o
DOFHliEHE L BT 5 2 L% . BRI 2 [T 254
1, B EEEORD 212 L2 #12 2D (Sens & Spec
A< Loo), e IEHICHET S (PPV 2E<{T5)
LWV EZNENTH 5.

Ntp + NN
Acc = 1
co= NP L )
Sens = Nre Spec = Nx
Ntp + Nen Nt~ + Nrp
Ntp Nt~
PPV = NPV =
Nrp + Npp Nt~ + Nen

Acc, Sens, Spec, PPV, NPV OfjIZIZ L — FF+ 7D
MRS 5. 728 213G 2 BIEICTHT 5 L, Spec D
1% 100% & 7% % %%, Sens DfElX 0%, PPV OfEIZEIHA
feL el (BREEBEEZRELTIVAINRELRD). £
7z, C BB J O BAE FE T I 12 X C EAEFFI A
itz ZOMEMIZEY) Ace, NPV OMEIZE L 2 5.
L & EAE I L CH MERO MBI 5. HERITE
TlE, 20O L — N+ 7 & CRIBVEITFROMAIERE AL
T257 7 AMOT— 55O x ER L, BEOFHME
HEIZ X B 2N %5l 2 4T - T e,

M RFMEE THOEETH LD, M— N+ 7%
 FEORHMAEHEDME Z B IRET T 5 DA TIEIAR+5TH
BEEbLNL. MPOKETIE, 7 —ANA 7 — A DA
Z3EBT ARE, FEIEEDORONT v X% &5 2 DA
DRI LBEPRE L2026 THAH, Tz, B L ER
SRR BRI L 72w e &, SR EROR AL 2
NEREEIZLTLED. WU, HEOELIEED L —
N 7 %2 WH LA i Hii e E EF N 5.

2 ¥ AT DAZIERA T — 2 12k B PULEE 25k &
N5, ZOPILEED % RfED 5720, IHICHWZT—2%
EAZR T BT — 4Tk LR E Ol % 15 THEE HERE %
AT 5. fek, Tty FEIHHE T A NHIZ25
ET 2 EHE L TR E R SN TW2s, L% s R
DAL TR E 2 Mg T RETHA ).

T, WBENSEA BT L, ERE AL A
F— VR OMRE I T B IE VLA, R
HEROUGEIC L 2 MM EASLETH S, BIRE 1 %R
BCTTF—% - KUREDRL D720, HETERED HEATH
WTH D, BRI 2 HEE KT B EE & RO R R
PHREICIX Bl ST v, FIRIE 3 ¢ et o RF 2
HEDE D 5 720, AN LMY L.
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3. H—IWAY T+ v 7EIFEDERDRE
& EEREYET
3.1 ERERIhApEREH—F VAT T 1y JEIF
FREORT, $0bh, FFRMEILA 7 — P OMERERn
Fzig, 413 KLOGR Z#Hd 5 2 & 2% 5 % [25].
3.1 HiTlE, fERMFECHWV S N720HED 9 b KLOGR
WZRWEED D A SVM ExfH L7225, KLOGR % #iH
T5., T2, DHEBEEETL)ZCEELRFE (N7
ATEDEH, FRMLIZBIT B354 7 ZATHDOAFM, 71w b F
TOMEDOHRE) METH. NAT7TAHEE S v b 713
#CHDONLEZLELH LD, RIFFETIIINSZRD LD
WCEFRLCTXAT 5. N4 7 ATHIZEERICEE SN L%
MDY, H v b 7IEFEBICHRE SN B OB
fiE ONATAEEAMIEL7Z2dDE bW 5).
MERMFFETIX, MLR, LOGR, SVM # @M L T3,
T/, Bt G e L CEEEEE S T 2 Vi (1-NN:
One-Nearest-Neighbor) Z @M L, ZOHEEHRE % S8 8L
EEOHHERVHA 5 RETHREE A LTwab. 1-NN,
MLR, LOGR D#HIITEMES 505, T HIZE L TIEfF
P [6] R B [15], [17], [20], [36] # B SNz, & B,
MLR TiZ, 25130, BEZ 1 OEE L5 1D
DN Fllxg e Lz, LT Tk SVM & KLOGR
ZEELCHBL, MEORERT. N5 iEFR 11
JAMELTRTEBYTH L. B, TXRTOSHEEIL
X (2) (R O SEHNI 2 £,

C(x) = C, iff k= argmaxg;(x) (2)

J

YR= IR & =< v (SVM) [10], [12] 1, 7 T A%
ReZORBINET 57— 5 MO TH 8~ —
YERKIET S LT, KINT— I ~OPALE BIE L 728
e THL., AV T FLDSVMIL, 7 F ADFE%
TRRBEEt, CRHELA27 T AMEENRET L.
i B R ORE LIS T 5720, SVM TIEA — %
VEBDBAD K TH % [10], [12].

SVM T, X (3) DL ) Ich — 2 VEKROIEMT2 7
TADERERET LBy KT, y OFF7 EHRRER
DIFEN—T 5, Thbb, E5ETL (2L, &T
DEFBIHRT L) LV IHFINELTS.

N
y = Z o (%, %) + b (3)
m=1

ZofilfyE, 77 AR EREHGEOFE L DEHETH 5
B~—Y oKL v) HEEHT 5L, L 4) 12
AT HMEBESEOND. 72720, & GRGHOREES
WERT ATy 7B, c IS EHrERTAEAVER
FTNANR=NGX=5TH5bH. J(a, &) ZiRMET S &,
K (4) DF 1 HEFASHOEEGVOBRME /NS TH I L,
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®K1 3BORIIBIT ST L ZDHY
Table 1 List of symbols and their meanings used in the equa-

tions in Section 3.

K: 79 20%.

N: T — 5 OFHFIOHL.

x: F#ENs Sov,

Xp: T — 5 O n FHOFEFIAFEOF BN P L.
K(x,%xn): x & x, OFWELETH — 2 VEK. RIFETHE,
RO MBI AT — 2 K(x,%x,) =exp(—||x — x,||%/20?)
L35 [6).

®: 77 2475 T — 5 OFHOEHEGRITOVTRD 72
H— OV EIEUE & RO,

C: 77 A,

Cp: kFHDZ TR,

o BOFRIREIZBIT A8 A —=F X7 ML, Z0ONT 2 — 5T
AT — & ORBIFEE Lo,

oy FGIREIC BT A k FHDO 7 7 AKIeT 5/87 2 —4
N7 MV, ERELTagm (m=1, 2, -+, N) ¥,

b: BUGRREIC B 5354 7 A,

br: BGFRIEIZ BT A k FHO 7 7 A3 FInd 584 7 A,
g(x): akARIEL.

gk(x): kK FFHOD 7 Z 21T % kil B %L

ty: 2 7 7 AMBIZBWT, T — % O n FHOHEHD
EHEL07 T AR T A0 ERTRREE. —0 s AL
BTbELEIC+1, DI FAETHEEIC -1 %L 5.
tok: k 7 7 AREIZBWT, JHET— 5 O n FHOFFIH
EEZBHOZ T AETHZ ERRTIRRER. kFEHDOZ T2
KETALEXICL BEhwkEIZ0%Ls,

TR~ —T V2 RELTHIEICHYET L. 52
Wb, B~ —2 Y ORKUITERIIZNT 2 =5 D 12
JWVAIFRHME S LW T & 5.

N
J(&b) = Y 6t palBa (4)

n=1

subject to: tpyn > 1 =&, £, >0

Al R Tld, X (4) ORMEIZE D NT XA =% a &
ENKED. T A=y DOFFITIL, FHITDRER & FHH
FHHIET 57387 A — 8 OEOEW & 1) 379 SMO 7 v
T XLHFHACEND T EDL . NA T ATH b ISR
B ECTHERIRT 2w, FREICY. bR TEIT S
FEPRESN TS [6], [12]. ABFETIE, ThbHOE
HENRER D B, NG) 2V HExRATS (X
ik [12] ® Remark 6.4 ). 72721, ¢(x,) (TEBEKTT
DRI 2RO EZAETH Y, ORI — VB
K(x,x,) IZFE L. 72, SVM TIE—f& & vz
W28, MLR, LOGR, KLOGR & [F;IZ/NA 7 AIHDOL D
DIZHy VA7 2BATEHEORET S, Ay b TD
% RO B Fhi & T e0HEH BT L0T, 3.2 HioK
RICE LD THHAT 5.
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1 .
b= -5 (tin_axl(wTﬁb(xn) +trnnl_q(WT¢(Xn)> (5)

N
where w = Zantnqb(xn)
n=1
T A MERTIE, 6) 202 AT LHILET, v
VIRZDE, R (3) OIEANET 5 LT, 7 MHA
27 T ARENYHTE,

g-1(x) =0, gr1(x)=y (6)

LOGR[9] {&, #ENEN A HWT 7 7 ADOFHER I
EL, TNEDSE Y I ARET LHHEETH D, LA
2275 AMBEE NG E LTV, fHEANO®ESHEZ
DHRT% 7 7 A bIHRITAETH S, KLOGR [32], [38] 1&
LOGR 12/ — A VB A8 A L, SVM & [AARICIERIE %
WPBER AR Lo THETH B,

KLOGR Tl&, 7 7 AOPE %8RBt TEBT 2
k27 I AMEERS . X (7) DL ITHh =2 VEEDOINE
MTKY 7 AL 588y 2 Es%d 5. €L T, A (7)
2@ DV 7wy 7 AMBINAAL, 2OEEK7 T
ADFGIERE 2T,

N
Yp = Z Qi K (X, X)) + i (7)
p(Cilx) = —22W) ®)

K

S exply)
=1

FE TR (9) OHWEEORMEER L. K (9) OF
LIHI, #EE L7727 T ADRRMERET— 5 LOBREES
WERTRELY PO —REMHTH L. H2THIE, &
FEREAIEL, 2o, VT E Y yEE e X ) m
RIZNTG A= DOL? JIVAEAMLIETH 5. ZHIFIER
MM~ — 2 Vi K L E R CRp R 2 At K (9) D A I
FHMETICH T 2 BEARERITNANXN— T X —FThH 5.
ZOXNEK(4) D e EHDBRIZH B, RS TIE, X
(9) DFAMEIZE V8T X =% a2kE L. HRIBEE Y
THh720, /37 A= OFEIITHRITHES R#EbF
HERTFVEZ NS,

KLOGR DN A4 7 A b, OFFE I, HIBE I
WA T AHEZ GG HE (8, 19, B4 ¢ &£ wHh
2 [19], 28], [32], [38] "B B . NA T AHEE G L HET
&, ¥I-Oh—2NVEBIMLTY T 2175 @ ZIEL,
by 5 =D =2 VDR agr E R LT a (l2HDA
. FLTC, /8T 2 =% E[ELFHE TN 7 AHED
BeRDD, NATAHEZEHWHETE, X (7) Db
ZOWHRELCHMEEEN T, NT A—% a LIZPE
by 3 KDD. b, DRDITE L TUE, EWEEGETLL
BbNdTHEE BB TAHEY Yy b+ 7R
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L THGEET— & THRET 5) [26], [27] BHITHNAS.
KEFZECTIE, HWBEEA SVM L RBfICAR D 2 & & EY
R C—RM e T 2 ZEL, "M TAHEZEDT
Ay NA T EREAT D HERRAT S, 4B, Hy b A
7 DM AIABFE T2 SR BT 20T, 3.2 H
DORBIZFE L O TEMIZER T 5.

J(a1;a2:"' 7aK) (9)
N K \ K
- _ Z Ztnk In p(Chlx,) + 5 Za£<1>ak
n=1 k=1 k=1

7 A MERETE, R (10) 2R (2) IAATEZ LT, »
Witz B &, K (10) DIEDSRKRE R D7 T AR RO D Z L
T, TANFBNZZ T AED B TS,

gr(x) = p(Ck[x) (10)

X 4) & (9) 2T % &, KLOGR & SVM & [
12, 71— 2 EIC & B IR ORLRRE ) & &~ — 2
YRR X B PALRE R o L. 72, A (8) D
45, KLOGR I LOGR LA L <, 7T ADF LR
PEMWEETH Y, L7 TANOIPIROEG S o T
4. Z? L 912 KLOGR IZ SVM & LOGR OFl i % 3 da
iz CTBY, Fxld KLOGR DML A 7 — DR 1%
VoLERT.

3.2 PEBOFREHE, NXAN—IXFA=—F2EHY bF
TDEEHZE

SRR OB AR, SHEARO TR TE D I
EWRICEERIZL ) 5. FRIZ, N T RAHERAT 5,
IEAMEDRHRTANA 7 A ZH ), NA /X=X F X =5 D
EERET L, By VETOMEERET S, L) 400
HIFIEETH 5.

INA T ZAHOFBUL, FBAIBEEI N 7 AHZ PR
WMz 558, 2RIZ1 0% & 5 AJIZER%BINL CTH
BEANT VAR L, FEPRNICHD AL HEND 5.
BBEINA T AHE /ST A=F XY M VIZELO, FiE
I e bIcBI RIS E . F72, BEgENs b
VIR T D5 ATIEBOEAR L » IAINT A —7 LA
T AHOEICHET 0T, ZOBEYI B LEND
L. INBESTZTARMNIETE, EHAL L Rt
N7 MV EESEHIIIEL THWS,

P mZe i 2 S EIRRITC O PR EBHANDOBEEZ L b7 )
71— FOV5EEE (SVM, KLOGR) T3, HEZefon N4
T A LIRS, BOFEMONA T AE S E 2 HLEDRD
4. SVM T, BUF2ZEfin N4 7 AT % Kb B J7 05T,
LTwa7zd, ZHIIHE) [12]. F72, KLOGR %L DM
Bz, 1y b7 WA EESRITTA. KLOGR
TIEH v MATDNA T AHOEE & ReF 5720, Boze
M LEo/NA 7 ATHIZEA L B\,
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EHME%E & b %) R O%4, EAHLIEO / )V AGHE
CNA T AHE GO L TEEEORWHENS 5. AiET
FFNERO Y 7 FHFASHR S B X 2 B/NASH Y, %
LOF DRI SIS [6], [16]. @ 2 ICARFZETIE,
ERAMEZE & & 729 I3l LT/ OV ARHRICIE NS T
AR GOV LT 5,

INAIR=I8F X — 5 OEIZT R OMEREICK & o
FET RIS, ZOBROPEEEIIENTHY, HORE
HEELW. COBB LY, EENE R < SERREICEHHAN
LEHZ 7)) v R —F 2 RHASNDL 2 L D%\, gk
#E\ZIZH M2 LT Ace, Sens, Spec, PPV, NPV &—
R MEEVH LN, REEEDEIL A 2 720
AT — 5 LIER R AT -7 ICK D EHES NS, K
e d ZAUTE G, NA X=X T X —F OG8RI
FRoREFEERHT 5.

T, Ay MFTOBEREBZEFHEIIOVWTHERD,
HiR L7z & 912, AMEFGETIXERWIZ, 77 ADFH
BHERZWEE S D5 A4 TORHFERIT L, FEEBRITH Y b
T T REBAT LI EDNL[26], 27]. v METOEA
X, FEEELTHE L7 T ADFLHERZ RO
REICHEDEHIET A 2 L2 BT 575, It ik ER
L7-RFZEid v [16]. 2D X )12, ERETIV/#EIET
VT T —=F (77 ADHEERMERMEE I CTEREEEZT)
MoK T 7a—F (77 AOIEGHEICEIRZE %
ZH) 6] \WEET LA, BEISLETHL. Iy M
7 THIIE L7227 7 A OFBHER BT I IIHERDOERD S
HNTVWEDT, ZOZLERHLTBIRETH .

Ay bATIEUTORHLL AR TH HUHRETENE .
RSB T, By N F 7 OEREE R THBIDE <
RoNns [26], [27]. HMAE DB T, AT TV /S
ETNT T —FOHFE LEBNEKT 70— F OFEE
BOMEENENTHL VbR TWS [13]. 27 5 A
BUIZBWTH v M 73O N 7 ABUIHHY 5
DS, NA T AERMONT A —F LRNCHERT L L, T
NVOHMBEZBEEIZH TSN LGEDTL .

EWESSET T, N X—I3F A — % L EREDPE S
BACE DIy PATOEERRD L Z L TH L. C
RS RT 25 O BFRAEIL A 7 — DR IR 2 1ERIFZE T
X, 7y M T7OEOIRD T EPHFLL TR DAL
A3 (15], [17], [36], Z OPE % WMo 72w getkdsEve. £
CTCAMZETOR LS DEHFHT A, BAMICZIIEUTOL
BYTHA.

By b F T EEAT YA, LOGR & KLOGR Tld2 7
7 AMERICK (11) 0@ Sz 2175729 2T, H58FHN
3 (2) 5 (12) DT 5. SVM OBl B EUI 55
WX 29 2FFHTHIOT, $TIZ2 275 AMEICE
fELTwa 720, K (6) £ (12) ICEHEM 5. MLR @
BRI 0 2 1 DEE IS M Z THIT 5 b DT,
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| STEP-1: hyperparameter setting under a fixed cutoff setting, which is 0 ‘

| validation set  training set ‘ under hyperparameter setting #1 ‘

[ — . . -
2 _ ’:> 1st parameter setting using training set
1st fold % 1st performance using validation set
P 2nd parameter setting using training set
-
2nd fold .%_ 2nd performance using validation set
7 E:> S-th parameter setting using training set
S-th fold _% S-th performance using validation set

1

| —
| ] [ —

overall performance #1
overall performance #2
overall performance #3 ===

hyperparameter setting achieved the best overall performance

| STEP-2: cutoff setting under a fixed hyperparameter setting, which is the best in STEP-1

under cutoff setting #1

1st performance using validation set
with the 1st parameter setting
obtained in STEP-1

| validation set  training set

e
wod [ ]
. 2nd performance using validation set
2nd fold .%_ E> with the 2nd parameter setting

obtained in STEP-1
S-th performance using validation set

s-th fold with the S-th parameter setting
e o obtained in STEP-1

I

|1
| —

overall performance #1 'I\/L

overall performance #2
overall performance #3 ===

cutoff setting achieved the best overall performance

1 NAIR=INT A= L Hy b+ TOBRENE

Fig. 1 Process of hyperparameter and cutoff setting.
b 27 7 AMBERLTH L7280, SVM LREETH 5.

g-1(x) =p(C_1[x), g+1(x) =p(Cs1]x) (11)

C(x) = {CH’ it g41(x) — g-1(x) > cutoff (12)

Cor, i g4a(x) = g-1(x) < cutoff

By M T cutoff DEETEITIL, cutoffoyer < cutoff <
cutoff ypper PHAZE AT 2 T cutoff o, THRKRT 270
N —F 2@ L, &bmEmWHEETERRZER L7z cutoff D
HxRo 5. @B g(x) 258 0 ) BEOHPHIZHED
&, MLR Tl 0 < cutoff <1, LOGR, KLOGR, SVM
TId —1 < cutoff <1 DEFHPE § 5. BWEAT v 713
HELTO0.0l VA,

NAN=INFGA=F LNy N TRFETLH-HOT
EER 1R, £9, STEP-1 Tld# v b4+ 7% 0
KHEELTBE, NAS=NFRA—=FHREH#L DB L\
RHEBREEIT). 1~S DK 7+ =)V FIZBWT (401X
Leave-One-Out REME X T 5720, S I3FFIHIE
L), JlfT — & TiRE L72/8T A — % Ofi & Mgk 7 —
TR o - EMiEE kD L. &7 4 — ) FodeEh
B AT HI LT, NAN—=I8T X —FREH]L DED
HeEMERED SO NG, 7))y R —F %M L TA 78—
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K2 AWREOT—F Ly MIETNDL CRBMHEFEEFICET 57— 2N LR 4
e & AT T O E (55 1 U5 3 UhL), MERNET Lo Ao Tk L7z, I
WAL A 7 — DO IE R AR L2, &b, Kk, BUIFERT—4 258875
BE FO & F1 OF =% 25 LTW2DT, ThICHEo7:

Table 2 Summary of the data on chronic hepatitis C patients included in our dataset.

It provides the median, first quartile, and third quartile of age, those of clini-

cal test results, and the number of male and female patients. The number of

instances is placed next to the corresponding liver fibrosis stage. The FO and

F1 stage data are merged in accordance with conventional ways.

Patient Infor-

Fibrosis Stages

mation [Unit] FO-F1:77 F2:28 F3:30 F4:17
AGE [year] 46.0 (35.8-56.3) 55.5 (52.5-59.0) 54.0 (49.0-58.0) 58.0 (50.3-61.3)
GENDER [num)] m:49, f:28 m:20, :8 m:20, f:10 m:12, f:5

Clinical Tests Fibrosis Stages

[Unit] FO-F1:77 F2:28 F3:30 F4:17

ALB [g/dL] 44 (4.2-4.7) 42 (4.1-4.6) 4.3 (4.1-4.5) 41 (3.7-4.2)
ALT [1U/]] 69.0 (31.5-139.3) 118.5 (80.0-210.5) | 132.5 (98.0-202.0) 105.0 (70.0-167.3)
AST [1U/]] 46.0 (27.8-86.0) 76.0 (58.0-115.0) 97.0 (66.0-132.0) 89.0 (56.0-120.5)
CHE [1U/L] 297.0 (252.0-344.0) | 261.5 (221.0-320.0) | 249.0 (175.0-291.0) | 232.0 (200.3-294.8)
F-A2G [% ] 8.4 (7.7-9.4) 9.0 (8.4-9.7) 8.9 (8.3-9.8) 8.6 (7.3-9.6)
GGT [1U/]] 32.0 (18.0-65.3) 62.0 (27.5-88.0) 50.5 (33.0-86.0) 46.0 (35.3-77.3)
HGB [g/d]] 14.5 (13.6-15.4) 15.0 (13.5-15.7) 14.6 (13.8-15.6) 14.2 (13.5-14.9)
PLT [E03] 184.0 (158.0-222.5) | 152.0 (129.0-173.5) | 138.5 (116.0-183.0) | 109.0 (87.0-141.0)

T-BIL [MG/DL]
T-CHO [MG/DL]
TP [G/DL]

TTT [U]

WBC [E03]

ZTT [U]

0.7 (0.6-0.9)

159.0 (142.8-178.5)
7.4 (7.1-7.8)

3.9 (1.9-6.7)

5.4 (4.6-6.3)

13.9 (10.6-17.7)

0.7 (0.5-1.0)

167.0 (153.0-200.0)
7.4 (7.2-7.8)

4.1 (3.3-7.3)

5.0 (4.3-6.0)

15.0 (12.9-20.8)

0.8 (0.6-0.9)

174.5 (152.0-186.0)
7.6 (7.3-8.0)

4.8 (3.1-7.9)

5.0 (4.0-6.7)

14.9 (12.9-18.6)

0.9 (0.7-1.2)

158.0 (145.3-169.5)
7.3 (6.8-7.8)

5.6 (1.6-7.6)

4.6 (3.8-5.5)

17.1 (11.7-21.5)

AGE: Age. GENDER: Gender, also called SEX. ALB: Albumin. ALT: Alanine aminotransferase, also called GPT. AST:
Aspartate aminotransferase, also called GOT. CHE: Cholinesterase. F-A2G: Fecal a2 globulin, also called F-A2.GL. GGT:
y-glutamlyl transpeptidase, also called v-GTP, GGTP, or G-GTP. HGB: Hemoglobin. PLT: Platelet count. T-BIL: Total
bilirubin. T-CHO: Total cholesterol. TP: Total protein, also called T-PRO. TTT: Thymol turbidity test. WBC: White

blood cell. ZTT: Zinc sulfate turbidity test.

INT A= RERBEZBDVORFREERT) &, TXTD
INAIN=IRT A — FREOHEEMREDS . £ LT, Z
DOH TR D EWIHEEMERE X ER L 7oA /8 —08F A — ¥ 3%
RN 5.

STEP-2 TlI/NA /8—=XF x— % % STEP-1 TR 7-5%
WAEICEELTBE, By M 7#%EH#L Db 12 Leave-
One-Out ZEMEZIT). 1~SDET+— IV FIZBWT,
STEP-1 THREFEADI/NT A — 5 Ofie vy, WIET—%
TRED o 72 etk %k 5. LT, STEP-1 & [Akk
DFAmELRET, ROMVHEEMHRELER LS v b F
TRERBEINT D, W, NAIS=NF A—=F )NTF
A—=F By NFTOFTRTIE LTl % i%E & F 0t
EVERED RO NS,
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3.3 AFHIFHEICE T - EERERET

BIME % R L CE ARl 2 EBT 572012, EBRO
Mz REtEER T A, BINE 1 oMo -ol2, FHE
RHTRMENTIFLEREBE T — 5 v b 5] 2 59HA
Bl h, RF—=F+ty ML, TEREEZLRIEREET
1982~2001 £ 20 FICE S N2dbDTH Y, 711 4
DEE, RKTISSHEHE2O 5. SHIFELWER
B L CIE, EIFRAE (5] RRHFE 7oy =7 b [29) T
flLxN2RKF =2ty FOBBHELZBE IV,
HED— kL BHE MR TR, EROTEELD
72 [15], [17], [20], [36], [37] DZF NN SHEHEE OHEA
2135, 2L T, MEHHOERSOAELSEZKRD, 5612
ZOMEE S — M 2 5 O MR - JRAFAS ISR D AT,
PEABAY 72 BEARIZ & 2 MASIE H ICBI LT, g i
ZVHAIEA 1 D&KL T 5. LA T — V%2 mD
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72V HIZERMEA Z WIRATHE T, 2o 1EME (4
HZE&t) FTIELNRITOENE TS,

& LT, ALB, ALT, AST, CHE, F-A2G, GGT,
HGB, PLT, T-BIL, T-CHO, TP, TTT, WBC, ZTT &
VW 14 MEEE ##E L2, 2512 AGE, GENDER
D2 ODBHERAREREMA /24 16 HHEZHMHT 5. 16
HEHOERSHE DI, F—F 2 BHLIERER 212
AT B, BENEOS L CHIICREELZEZTHY,
16 HHOEHREFF O L W) FHTT = 2K AH, F
BIRIE 152 i & 7 o 72,

RN 1 ORTICIE, SERPFENRET 587 X —
O AN FICRETHIEDEETH L. AHFIET
) HERIT TN B RO 720, FEHTH S
BEOME (X7 2 —5 OPEEREE) 34ECRw.
2T, EHERICHE L TRT A — Y OWEIEE 0 ICKE
THZEIZLT.

BIMIRE 2 DR D212, SR TR 2458 = % H
W W RERIFZE [15], [17), [20], [36] &34 D, Fx ik
M CIEE 2 5 R L 745 iE 2 20 eI LB THY 5.
BARIIZIE, 14 M OMATE & 2 O BEERTERO
A0, 1 ICIEHILL 729 2 TR, 1 D08
BT MVIZLZbDEATITA.

BIFIRE 3 ORRARN 2 i3, fERMEbNTE/H4 D
S HE S —H ORI ME O AE TIE A {, FHEEED
FTRTE 12ICE EOLFHIEEDPLETH L. @RI
oo, EFHmEEOEM Y (Arithmetic Mean) &
MY (Harmonic Mean) Z#HBIEAL, I E2KE
1 722 dEse VERE ORFZEHE & 5 % [35]. EAHTFIHIE (13),
FAREEEN (14) DL HICEERT A, 72720, C ki F
HOFHMIAE D, N IEFHMIRAEOK % Hwd 5.

AM({C; | 1 <i < N¢}) BEIEDO K E S DI 5 1%
EDE L, Ty Y ALRLVTH0%E %%, HM{C; | 1 <
i < No}) EEMEDIED T HEEDIHL, 0% 1D
TLELE 0% d, 72k 21E, IR VEREDOH
Bl % A L CaBpl 2 BE IS ET 5 &, RifsEoT— %
v FOWE, Ace ZIFRAMELOEZ S ORET 51%, I
WEDOEMOBIET 89% & %2 525, Sens lT&EHH D 0% &
b, HM{C; | 1 <i < Nch) &, 20X iaicffn
FHili% 52 5.

Nc
AM({C; | 1<i < Ne}) = Nic > G (13)
=1

HM({C; | 1<i< Ne}) = <Nlc XC:CJ) (14)

2 WO 2 5T 2T, FEZ 5 MHEOFIEME, S 2 5
AM = AM (Acc, Sens, Spec, PPV, NPV), HM = HM
(Acc, Sens, Spec, PPV, NPV) % #4&0 7% HEEERE DR
e L 5. 2 OFFMiAREIL, Ace, Sens, Spec, PPV,
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NPV DI RTEEHTHHRICBNT, H—EAT
MEREZ ST 2 2 & 2HELTWA. 72, Acc %< 4
T OFMZEHED & 7 5 AM’ = AM (Sens, Spec, PPV,
NPV), HM’ = HM (Sens, Spec, PPV, NPV) i}k
#e L CHAYT S, ZOFFfifEH#EL, Sens, Spec, PPV,
NPV ZEM L, Acc DM EIZM DR WEIZBWT, #
—W AT RS A 2 LA MELTWA. HM &
HM’ (EFHIB R OMEO 2= 2 I LoD, 3§ XTOfE%[
FERLHMREFODT, NAIN=XF A=F LTy b F
7 DPTEFMEIZS V5.

HEEVEREDFHMECIE, AM({C; | 1 <i < N¢}) = 50%,
HM({C; | 1 <i < Nc}) = 0% % HEEERED TRRIEE T 5.
FFTEGHBPCOTRMEZ @R 528, Wiz 5L,
B EHHEFICEBT A2 L 2R TS, FLT, &5
i v HESHRE DO RRIEICIE N, B\ HEEERE 2K L 7250
Bz iDL, PULR R HEE e & i SRR D 5720,
AM({C; | 1 <i < Nc}) & HM({C; | 1 <4 < N¢}) Ofi
DEHIZIE, Tty bOFEFI1 D12 LTT AL
2479 Leave-One-Out ZZ7EHE [6] ZHRHT 5.

7272l RO T — ¥ OFFKIEEL T vizo, F
ity b X7 2=y oFEH), Wity b (O] 78—0%X
FA=FEHy MATOBRER), TAMEY b (EEITK
MRFHNF T RO R H) 123 0#3 5 2 &Lk
LW, ZZ T4, Leave-One-Out Z87ZME 128 W THL
DLz 1 o0FEF & EEE 7 2 MR A% & o 7.

4. FHAEER

4.1 BRIEEH

REBOHMIE, #HZIRET S KLOGR & o554
SOHEEVERE % iz LT, KLOGR D&M #WEEd 2 2
ETHhAH., HBHRIZIE, (RO EELMFETHEM SN
MLR [15], [26], [27], [36], LOGR [17], [26], [27], 1-NN [20],
SVM [20], B& U, EHMbE Y 27 1 v 7 Ak (RLOGR:
Regularized Logistic Regression) % fi\»5%. RLOGR (&
LOGR #EHAMEL72d @, KLOGR iZ LOGR % IFHIML -
H—=2MEL72bDTHAH. RLOGR # xSRI 2 5
Z &, KLOGR 2B 2 1IEHLDE L 1 — 2 LD
BOXMERK L., S1—4IViETHSH KLOGR & SVM 121
HIAN =2 Va8 L THWS (R 13H).

INAIX=IXT X =5 DIEDFETE, 75T 2 —F OFMEAHED
HE, FBIIBIATF—FOH 2T, R v Mt
T OMOFER, 3.2 HiTHE L-FmE itore. Kk
EDHRM iz TR 3 ITIRT.

ARMEIL, 2 EBTHAR2MHED2 7T AREE L7z,
FUALER, Hefam, HEEMERE DR IEME, HEE L AT A,
3ETHRELALBNTHE., =5ty b [5] 55 334
THEE L 16 HEOAELZML L, 152 HBIDHE £ (12D
TI6HE PO R BEMENZ MVEBR L. 2hz A
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R 3 FEEBROLUZRE. NMIS=NRXTA—FDH, v b FTOMH, /5T X —F ORIE, L

FEMEOFHE L WA R L. Ay A 7L TE, BE Lol (RO TRE,
B, 27> 7) L7z, SUMDONA T ATIE, 7y A T7DATy 7L En
HETHEB SN0 T, 2 TIR/NUELT 4 #iCitili L7z

Table 3 Experimental conditions. The details below are given: the values of hyper-

parameters and cutoff, the initial values of parameters, the criterion of con-

vergence, and others related to optimization. A cutoff value is followed by its

lower boundary, upper boundary, and step of search. The bias term of SVM

has higher precision than the cutoff, and is rounded to four digits after the

decimal point.

Classification of FO-F1/F2-F4

Classifiers | Values of Hyperparameters Initialization | Maximum Learning | Convergence
and Cutoff of Paramters | Number of Epocs | Rate Criterion
MLR Cutoff = 0.52 (0, 1, 0.01) 0 None None None
LOGR Cutoff = —0.08 (-1, 1, 0.01) | 0 100000 0.001 0.0001
RLOGR A =1.85 (0, 5, 0.01) 0 100000 0.001 0.0001
Cutoff = 0.00 (-1, 1, 0.01)
1-NN None None None None None
SVM o = 3.56 (0, 5, 0.01) 0 100000 0.001 0.0001
¢ = 1.49 (0, 5, 0.01) XN
(Bias) Bias Term = —0.2629
(Cutoff) Cutoff = —0.16 (-1, 1, 0.01)
KLOGR o = 3.85 (0, 5, 0.01) 0 100000 0.001 0.0001
A =3.44 (0, 5, 0.01)
Cutoff = 0.12 (-1, 1, 0.01)
Classification of FO-F3/F4
Classifiers | Values of Hyperparameters Initialization | Maximum Learning | Convergence
and Cutoff of Paramters | Number of Epocs | Rate Criterion
MLR Cutoff = 0.21 (0, 1, 0.01) 0 None None None
LOGR Cutoff = —0.84 (-1, 1, 0.01) | 0 100000 0.001 0.0001
RLOGR A =3.00 (0, 5, 0.01) 0 100000 0.001 0.0001
Cutoff = —0.68 (—1, 1, 0.01)
1-NN None None None None None
SVM o = 4.83 (0, 5, 0.01) 0 100000 0.001 0.0001
¢ = 1.07 (0, 5, 0.01) XN
(Bias) Bias Term = 0.1261
(Cutoff) Cutoff = 0.29 (-1, 1, 0.01)
KLOGR o = 3.65 (0, 5, 0.01) 0 100000 0.001 0.0001
A =0.26 (0, 5,0.01)
Cutoff = —0.60 (—1, 1, 0.01)

Ne LTI EIHEE R T, AM, AM’, HM, HM’
DIExR7-. Z LT, AM{C; | 1 <i < Ng}) = 50%,
HM({C; | 1 <i < Ng}) = 0% &\ ) HEEERED TR %
250, HEEMREDIEM AT T IZB T EALISAE T 5 2,
EVO BN LR TFMEL. B, ERERO K
ME LT 572012, SO, BHEEBEDOT— 54
METRTAT = VHEEOHL b RAES o7,

4.2 BEREER
Rtk & Btk 0 77— & 4345 % JR 7oA R, IR L o 7))
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XOMETIE, B (Fo-F1) (& 77148, B (F2-F4) (& 75
i, FEMR 5 B0 0.9740 TH o 72, FFREZED
HEOMETIE, B (FO-F3) 1313518, Btk (F4) 1% 17
T, BEtEICr$ 2D I3 0.1259 TH o7z, XY
b Bt A | 2 A e W ETANE, FERIIFSE [15], [17], [20], [36]
B AEmEFETH L. 2775, AfEOTF—5 &y
FOFH DML, TERMFEL ) b AT — Vg
MWRRE L WEEZLEND.
RA4WLAT—VHEDHEREZRT. £ 4 0N, T
WHILOTA S D 2 7 7 AMTEIZB W Tz OfEE MR
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z4 %%@1% FHNIIFRAE L OEA E 0 2 7 5 AW, TUIIIFEZORFED 2 75 A
HETHES N2 o, HEEMERE O REIEI _ﬁiﬂ%%ﬂt/\t. SVM (Bias) 1& SVM Ak D
A%TZE%mwtm%,ﬁmdﬂmwﬂtiﬁy%ﬁ7%§%bt%%féé

Table 4 Experimental Results. The upper section corresponds to the binary-class clas-

sification problem on the seriousness of fibrosis, and the lower on the existence

of cirrhosis. The classifiers are in the descending order of prediction perfor-
mance. SVM (Bias) and SVM (Cutoff) mean SVM using a bias term and a

cutoff, respectively.

Classification of FO-F1/F2-F4

Classifiers AM AM’ Classifiers HM HM’
KLOGR 85.54 (Ist) | 85.54 (Ist) | KLOGR 85.53 (Ist) | 85.53 (1st)
SVM (Cutoff) 77.78 (2nd) | 77.81 (2nd) | SVM (Cutoff) 77.60 (2nd) | 77.59 (2nd)
SVM (Bias) 77.24 (3rd) | 77.30 (3rd) | SVM (Bias) 76.89 (3rd) | 76.87 (3rd)
RLOGR 75.21 (4th) | 75.26 (4th) | MLR 74.96 (4th) | 74.95 (4th)
MLR 75.14 (5th) | 75.17 (5th) | RLOGR 74.93 (5th) | 74.91 (5th)
LOGR 73.97 (6th) | 74.04 (6th) | LOGR 73.56 (6th) | 73.53 (6th)
1-NN 64.48 (Tth) | 64.48 (Tth) | 1-NN 64.47 (Tth) | 64.47 (Tth)
Lower Boundary | 50.00 50.00 Lower Boundary 0.00 0.00

Classification of FO-F3/F4

Classifiers AM AM’ Classifiers HM HM’
KLOGR 73.53 (1st) 70.20 (1st) KLOGR 66.35 (1st) 62.65 (1st)
SVM (Bias) 72.15 (2nd) | 69.63 (2nd) | SVM (Bias) 63.23 (2nd) | 59.78 (2nd)
SVM (Cutoff) 71.59 (3rd) | 68.27 (3rd) | SVM (Cutoff) 63.09 (3rd) | 59.28 (3rd)
RLOGR 67.82 (4th) | 66.36 (4th) | RLOGR 55.00 (4th) | 51.72 (4th)
LOGR 66.27 (5th) | 65.07 (5th) | LOGR 52.45 (5th) | 49.23 (5th)
MLR 61.67 (6th) | 58.83 (6th) | MLR 45.90 (6th) | 42.00 (6th)
1-NN 58.77 (7th) | 52.58 (7th) | 1-NN 27.94 (Tth) | 23.95 (Tth)
Lower Boundary | 50.00 50.00 Lower Boundary 0.00 0.00

R, BENRICIE7HERTH L. S T IRIEE K
MRS 2, D% LRI T 2REH S5 1.

KLOGR 13 AM, AM’, HM, HM’ ®¢~_TT1%&HIZ
EOWHEEMEREZ R L72. SVM X, /N4 7 ATHZ FV 7245
ey PET72HVEHEOBTH 2 ) EVRERE %
D, TH5IEAM, AM’, HM, HM O$XTT2HHIC
EWHEEMERE# R L7z, KLOGR 13 SVM  (HEEVERED
Wy b T ORGSR AR 12T, AM A8 7.76%,
AM’ 25 7.73%, HM 3 7.93%, HM’ 25 7.94%% <, #EEE
ElZED R b7z,

¥ 72, KLOGR 3R dIL { flibNTE 72 MLR %
LOGR IZH~RT AM 75 10.40% 2L L, AM’ 2510.37%2L L,
HM 75 10.57%LL L, HM 25 10.58% Lk Fi <, Mgl
SHERESR SN, @212, ML OTEA & ofMET
(&, KLOGR 7" d m\ e tkig 2> 2 &, SVM 25K
2 S ED o T,

F 4 OTHEN, WHEOFED 2 7 7 AMEIZB TS
HEROMEEMRE T RO, BIHICIERAERTH L. &0
WO TR 2 KIFICHE 2, D% & HERITHTT H)EDS
Ron7:.

KLOGR 13 AM, AM’, HM, HM’ ®¢_XTT1%HHIZ
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EWHEEMEREZ R L72. SVM X, N4 7 ATHZ Flviz4
ey VA7 ERHCZEEOBTH 2 )RR E %
D, ZN5IEAM, AM’, HM, HM ®»3TXTT2EHH I
EWHEEMEREZ /R L7z, KLOGR 1& SVM (HEEPERED
VONA T AT DGR & E P 12T, AM A% 1.38%,
AM’ 2% 0.57%, HM 75 3.12%, HM’ 75 2.87%: <, ek

BIZERR SN,

i 72, KLOGR e b IL { flibT & 72 MLR %
LOGR 12T AM 25 7.26%LL I, AM’ 2% 5.13%LL 1,
HM %% 13.90%LA F, HM’ 75 13.42%Lh Fi&5 <, ?E%‘l‘é““ z
SEE AR OIS w22, WHEZEOHEDRE
KLOGR 75z b %\/‘?ﬁﬂz‘@ﬁ%%h’) &, SVM 75»/% m
LT eWoghod. PLEXD, 2D 2 7 7 AMFEICI
#LTKLOGR 25k b A TH Y, SVM HZ DRIZHW
ThHhhlwnzb.

4.3 #R¥ER L A & FHE

CITRERT—Y 2T LD TRD 3 DDO5HT ATV,
KLOGR % SVM & Wb LD S ERE24TH . b 1. #
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Table 5 Results of Analysis #1. The prediction performances obtained in two types of
binary-class classification problems are averaged and provided in descending
order.
Average for Two Classification Problems
Classifiers AM AM’ Classifiers HM HM’
KLOGR 79.53 (1st) 77.87 (1st) KLOGR 77.99 (1st) 76.17 (1st)
SVM (Bias) 74.69 (2nd) | 73.47 (2nd) | SVM (Bias) 72.63 (2nd) | 71.07 (2nd)
SVM (Cutoff) 74.69 (2nd) | 73.04 (3rd) | SVM (Cutoff) 70.35 (3rd) | 68.44 (3rd)
RLOGR 71.52 (4th) | 70.81 (4th) | RLOGR 68.83 (4th) | 67.58 (4th)
LOGR 70.12 (5th) | 69.55 (5th) | LOGR 67.18 (5th) | 66.00 (5th)
MLR 68.40 (6th) | 67.00 (6th) | MLR 65.50 (6th) | 63.67 (6th)
1-NN 61.63 (Tth) | 58.53 (7Tth) | 1-NN 55.50 (7th) | 52.23 (7th)
Lower Boundary | 50.00 50.00 Lower Boundary 0.00 0.00

%ﬁ%@%ﬁ%@@ﬁ%ﬁmLgMDGRmﬁﬁmg@u
it HUEMBEETRD. ST 3T, 2 @%*% z

&, KLOGR & SVM 23t s34aes & 0 & e tERg
i, BXU, KLOGR #°SVM X 1 & EVERE
HEMES 5.

A1

KLOGR DD Z RN EMGREYT 5720, LT OFf
IS THREN R HEEMREDNAN 2 KD 72, FHRHEIL DR
é,%ﬁﬁ@ﬁﬁ’%Té20®275x%%f%%ﬂt

ﬁ‘%v‘fi

T E N, GRS & ICEERLEO AM O % 5T
%Lt.AMgHM,HM7;owT%EﬁK¥%%%%L
7o, I/ 5 ICHSEEE R AT R B ERE O FRNE L2 3~ 7 A

%79, KLOGR 1 AM, AM’, HM, HM’ ®»§_TT 1
FHICEWIEE R EK L7z, FH2 MLR % LOGR & It
B35 &, KLOGRIZMLR &9 & AM A%11.13%, AM’ %
10.87%, HM 2512.49%, HM’ ¥ 12.50%& <, LOGR £ 1
b AM £79.41%, AM’ 7%58.32%, HM 7% 10.81%, HM’ #%
10.17% @\, fEkik d & {ffibh T &7z MLR ® LOGR
£0 b, KLOGR D HH DR VENTH D EWmhsb

KLOGR DJERIZ, Hﬁﬁ%@«ﬂé@ﬁ%,ﬁ@fwﬁ
MOBEDMITI2BWT, AM, AM’, HM, HM’ O§X

TTCToOhIZIMTHo 7.

DR Y, KLOGR IZA 725828 O Thie b HEE
WZETH Y, ZOFMEILELTVDEEVZ S, IR
T, KLOGR Tl37 7 ADHEMERZ KD, ThzdEn
WMEEOHRET AT E, 07 7 ANOIELE T ED LT
ML AT — 2 2 L DD DT A LD IRETH 5.

SVM &, NA T ARAHEEZHWZL&GED Yy V72w
TEMOBTHhR D IEVIERERD, 51X AM, AM,
HM, HM' ®§_XT T2 HFHIZHWHEEERELZ R L 7-.
SVM DJENE, FF#AEILOEI S ORME, HEZEOF D
MO HFIZB VT, AM, AM’, HM, HM’ O$XTTD

22 TH o7 WRITHEAIZH, SVM 28 KLOGR
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® 6 FEEIIBIT L0502 offR. AT ORI S0 2 7 7
AR, THEFEZEORED 2 7 5 ARETE SN LD,
Acc, Sens, Spec, PPV, NPV O% 412 LT, KLOGR,
SVM 2% L 724, @080 R/ME L e KIEZ KD 7z,
SVM (Bias) & SVM KFD/NA 7 A% Fv 72458, SVM
(Cutoff) &% v b+ 7 ZHMAL72FERTH D

Table 6 Results of Analysis #2.

sponds to the binary-class classification problem on

The upper section corre-

the seriousness of fibrosis, and the lower on the exis-
tence of cirrhosis. For each of Acc, Sens, Spec, PPV,
and NPV, the following are provided: The values
achieved by KLOGR, those by SVM, and the maxi-
mum and minimum values by all the classifiers. SVM
(Bias) and SVM (Cutoff) mean SVM using a bias

term and a cutoff, respectively.

Classification of FO-F1/F2-F4

Classifiers Acc Sens Spec | PPV | NPV
KLOGR 85.53 | 86.67 | 84.42 | 84.42 | 86.67
SVM (Bias) 76.97 | 84.00 | 70.13 | 73.26 | 81.82
SVM (Cutoff) 77.63 | 82.67 | 72.73 | 74.70 | 81.16
Maximum Value | 85.53 | 86.67 | 84.42 | 84.42 | 86.67
Minimum Value | 64.47 | 65.33 | 63.64 | 63.64 | 65.33

Classification of FO-F3/F4

Classifiers Acc Sens Spec | PPV | NPV
KLOGR 86.84 | 52.94 | 91.11 | 42.86 | 93.89
SVM (Bias) 82.24 | 64.71 | 84.44 | 34.38 | 95.00
SVM (Cutoff) 84.87 | 52.94 | 88.89 | 37.50 | 93.75
Maximum Value | 86.84 | 70.59 | 92.59 | 42.86 | 95.24
Minimum Value | 71.05 | 11.76 | 71.11 | 16.67 | 89.29

IR CHERLERE R FED 2 EATR E N7,
i 2

Z 2T, AM, AM’, HM, HM’ % HE 4 2 HE e hg
D EFHFEHE 120 LT, KLOGR, B XU, SVM 5ok
EWREMET 5. T 612, IFHHELORM S, Pz
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R 7T EFICBULHN 2 OF%E. 20027 7 AMEDOT—%
##4A L, Acc, Sens, Spec, PPV, NPV O& 412 L C,
KLOGR, SVM 75K L 728, 4508 0R/ME LKz
K7z

Table 7 Results of Analysis #2. For each of Acc, Sens, Spec,

PPV, and NPV, the values obtained in two types
of binary-class classification problems are averaged,
and the following are provided: The average values
achieved by KLOGR, those by SVM, and the maxi-
mum and minimum average values by all the classi-

fiers.

Average for Two Classification Problems

Classifiers Acc Sens | Spec | PPV | NPV
KLOGR 86.18 | 69.80 | 87.76 | 63.64 | 90.28
SVM (Bias) 79.61 | 74.35 | 77.29 | 53.82 | 88.41

SVM (Cutoff) 81.25 | 67.81 | 80.81 | 56.10 | 87.46
Maximum Value | 86.18 | 75.96 | 87.76 | 63.64 | 90.28
Minimum Value | 72.37 | 38.565 | 68.67 | 40.15 | 77.31

DHEFEDE 4 D 2 7 T AT TH S N7z K RHli 251 o fif
(KLOGR Ofii, SVM Ofiti, &g KM, &0
DO/ME) %R T. F72, BAEWREN T RA7-0, 2D
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FEERZAD Ace, Sens, Spec, PPV, NPV OZFNZEND
FHEFHE L2 T 71, KRHIiAMEOTHME (KLOGR
Dfii, SVM Ofii, &3O NE, 5080 R/ME)
RIRT.

KLOGR &, # 6 @ _FTId3 X TOHEEMERE O 3T 2
WCRNEZHED, TMTIE Sens 2R %, wAMEDZFNIC
EWEZEF > TWw5D, £ 7T OREWHE* LS &, KLOGR
TlE, Sens DfEIZHRAMEL D b 6.16% K\ 75, DT T
DHEEERE DRI AEME CIRAMEZ K L T b, LoT
C BBVEF R OIFRMEL A 7 — Vg & W) & X7 Tla,
KLOGR 213 &FHliAHEDE R N T ¥ A R E A RRD
HhEwzh, 727701, Sens VI AMHEL D IRV, T4
bh, BHEORELE LS L TIZONWTE, 4%, ER
wEZLLENH L, —F, SVM TlE, N1 7 AHE%
WS, oy M 7 RV &GOS TIEITRAEIC
RCMEEER L TWDA, FHliEMERDNT ¥ 2% 22K
CEHICRZS.

A3

AT, 2 DFRPS, CTIEBSRFEORT—F 1y k
Tl KLOGR & SVM (245452 £ 0 b HEE e T »
Zk, BXU, KLOGR IZ SVM & 0 b HEEMERED =2
EDHL IR o7 wIEOHEIZ, KLOGR & SVM 28
71— 2 IALIZ & 0 IR 6 3B & IR T E B
L, LEZbNA.

72721, = A VLIZIZIERNEZ & b 7% 9 728, 1IERIE2S
GEEL2D LNkw., £2C, LOGR, LOGR IZIEHI
{b%HiL7- RLOGR, LOGR IZIERMLE 7 — F Uik & L
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72 KLOGR Z It L THa %, F 4, &5 £V, RLOGR &
LOGR & HEEMEREDST L <, KLOGR (& LOGR % RLOGR
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WCIERME D & % Jifi L 72 38R E IV 22 2 5 7225, SVM IS
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BB AT 5. NS0T, 71—t b ERME,
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