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Discriminating the Condition of Hepatitis C
Using Blood Examination Data by Statistical Methods

Kazuma Aokr,* Susumu Kurovanacr,® Akira Iwata,* Kazunobu Yamaucur™

Abstract

Presently, doctors predict the condition of hepatitis C using blood examination data based on their

professional experience, and patients are then diagnosed by performing a liver biopsy to obtain a definite
diagnosis. However, liver biopsies are a high-risk procedure and can be troublesome. In this paper, we suggest a
new method that is easier and more accurate. It uses the SVM (support vector machine), which is one of the
most effective learning machines, and SFFS (sequential forward floating search), which is a feature selection.
The combination of SVM and SFFS make it possible to eliminate the unnecessary examination of various items. It
also helps to obtain high accuracy compared to using only SVM. Performance was drastically improved by apply-
ing our new method to the blood examination data for hepatitis C.
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Fig. 1 Category of feature selection algorithms.

Input:
Y ={y;|j=1,---,D} //available mesurements//
output:
Xk:{$j li=1,--+,k, z; €Y}, k=0,1,---,D
Initialization:
Xo:=0; k:=0
Termination:
Stop when k equals the number of features required
Step1 (Inclusion)
2zt = argzer?/:i))((k J( Xk + z)
Xry1 =Xp+zt ki=k+1
Step2 (Conditional Ezclusion)
z” = arg zI'Ié%();i J( X —z)
if J(Xx —27) > J(Xg-1) then
X1 =Xg—z"; ki=k-1
goto Step2
else

goto Stepl

2 SFFS 7V a9 X A
Fig. 2 SFFS algorithm.
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Fig. 3 Pattern recognition system.
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Table 1 Observed items.
No. observed item No. observed item No. observed item
1 |HCV-RNA quantity [k copy/mL]| 14 total cholesterol [mg/dL] 27 PT [%]
2 total protein in serum [g/dL] 15 GOT [IU/L] 28 PT time [sec]
3 albumin [%] 16 GPT [IU/L] 29 APTT [%]
4 albumin [g/dL] 17 LDH [IU/L] 30 ferritin [U/mL]
5 al-globulin 18 ALP [TU/L] 31 TTT [Unit]
6 ol-globulin [g/dL] 19 I-GTP [1U/L] 32 ZTT [Unit]
7 o2-globulin [%] 20 LAP [IU/L] 33 hyaluronic acid [ng/mL]
8 o2-globulin [g/dL] 21 CHE [IU/L] 34 sex
9 B-globulin [%] 22 total bilirubin [mg/dL] 35 age [year]
10 B-globulin [g/dL] 23 GOT/GPT 36 | infection discovery time [year]
11 y-globulin [%] 24 platelet [ x103/mm?] 37 HCV genotype
12 y-globulin [g/dL] 25 serum iron [ug/dL]
13 A/G 26 HPT [%]
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Table 2 Value conversion of HCV genotype.

original relabeled
la (1,1
1b (1, -1
2a (-1, 1)
2b (-1, -1
3a (0,0)

1. Initialize a; = 0
Compute matrixD; ; = y;y; (K (24, ;) + A?)
fori,j=1,---,1)

2. For each pattern, i =1,---,[, compute
!

2.1 F; = ZajD,']'
=1
2.2 do; =min{max[y(1 — E;), —04],C — o}
2.3 a; = o; + by
3. If the training has converged, then stop else goto Step2

4 PURRRE

Fig. 4 Sequential algorithm for classification.
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Fig. 5 Variation of total recognition rate using SFFS.
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Table 3 Selected features using feature selection.
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Fig. 6 The histograms of the SVM’s output.
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