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SIMPLE AND NON-INVASIVE LIVER FIBROSIS STAGE
PREDICTION METHOD

In this paper a simple and non-expensive indirdmto$is stage prediction method is described. Ptede
method is non-invasive and is based on the resfilthe generic blood tests. The method is basead statistical
analysis of wide range of blood tests results stppdowith the experience of hepatologists.

1. INTRODUCTION

Evaluation of stage of liver fibrosis in chronigeyC hepatitis is very important in patient therapy
Commonly used method for fibrosis stage deternonaits liver biopsy, but it is an invasive methodlan
also single biopsy does not give the confidencs this required to retrieve samples from more tbhae
region of liver [1]. Some non-invasive tests methate also available, but are expensive due to
requirement of using costly, specialized blood dammparkers — such commercial methods like:
FibroTest by BioPredictive [2] and ELF Test by Sears [3].

This article describes a simple and non-expensidadct fibrosis stage prediction method, based
on a generic blood test results and also the reflseaethod for biomedical data analysis for creasingh
methods of prediction. The predicting formula alassifier generated using presented method shuzuld
considered as an indirect fibrosis marker.

2. MATERIAL AND MEDICAL DATA ANALYSIS METHOD

2.1. MATERIAL

The results of routine liver function tests from p&tients with chronic hepatitis C infected with
genotype 1 HCV were analysed.. Patients were gewhlif they were positive for HCV antibodies and
serum HCV RNA. In case of all patients, a standiaat biopsy was performed and liver specimens were
evaluated according to the METAVIR classificatidfibfosis score: FO = no fibrosis; F1 = portal fikisd
without septa; F2 = portal fibrosis with few sed8; = numerous septa without cirrhosis; F4 = csitp
[4]. All the patients have a compensated liver asgeand at the time of the study, none of theests)j
was suffered from any other chronic disease. Rindilie to the incompleteness of the records only 38
records were used for regression. The clinicalattaristics of these patients is presented in Thble
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MEDICAL DATA ANALYSIS

Table 1. Clinical and biological characteristicglué 38 patients.

" mean (std. deviation).

Age (years) 45 (15)
Male, n(%) 22 (58%)
Biopsy result, n(%)

| 22 (58%)

I 3 (8%)

1l 8 (21%)

vV 5 (13%)
PT" (sec) 11.72 (1.07)
APTT (sec)  34.38(7.28)

ALAT  (IU/L)
GGTP (1U/L)

84.92 (62.69)
69.26 (63.23)

CRP (1U/L) 1.08 (2.12)
Glb. a1 (%) 2.51 (0.49)
Glb. az (%) 9.21 (1.10)
Glb. B~ (%) 10.30 (1.22)

2.2.PROBLEMS DURING RESEARCH

Main problem during the research was low numbetabté samples to analyze — it is not easy to get
blood test results of patients with diagnosed cierbiepatitis C, infected with genotypel HCV thavéa
no other medical conditions and are not under aagical therapy. Also blood test results which were
available for research were inconsistent, i.e. spat@nts have one set of blood tests, while qilaéents
— have a set of other blood tests, however thevgerts partially overlapping. Other important thiwgs
the fact that the number of available blood teperdmeters) was greater than the number of patients
(samples) with a complete set of tests.

2.3.PROPOSED DATA ANALYSIS METHOD

To bare with the problem of low sample count andirtincompleteness, there was proposed
a brute-force like algorithm to generate all polesgubsets of parameters with given parameterstcoun
This ensures the usage of all possible samplesigpa@vgiven set of parameters and makes possillgeto
multiple regression for evaluating a classifier,ietthrequires that there is more samples than pasame
in each samplengk+1).

For every n-parameter subset the regression equétijpis evaluated and its accuracy against
training set is calculated.

The equation (1) is a matrix consistingk elements. One row of this matrix can be formed as
follows:

Vi =00+ O+ 0%+ O 1)
where:
Vi — theoretical (predicted) value,
00, .., Ok — regression coefficients,
Xi1y «ney Xik — parameters values (independent variables),
k — number of parameters.

In the final stage the classifier with the lowesbeis chosen, but only classifiers generatedgisin
subsets having a full coverage of the possiblerdtmal values (fibrosis stage) and number of saspl
greater than number of parameters are taken ictmuat.
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The average relative error (2) has been chosemresaaure of classifier inaccuracy.

$%= Y
i= Yi
Eavgrel :l—n' (2)
where: .
Vi — theoretical (predicted) value,
Yi — empirical (measured) value,
n — number of samples.

3. TESTS AND RESULTS

3.1. DATA SET DESCRIPTION

Our data set contained blood test results from&iiepts who were selected by the medical staff on
the basis of their medical condition — they hadotiter diagnosed illnesses and they were not duming
just after any form of a medical therapy (they haeot been taking any drugs or other medicaments).
For each patient there were 41 parameters measaadaling their age and sex (unfortunately not all
patients had a full set of test results) and antbem there were 17 parameters preselected by ttterdo
as a potentially important.

3.2.TESTS

Tests were performed for a full data set as wefbas preselected subset with grouping of 3 to 8
parameters. Test results for preselected data pegfectly stable — with increasing number of paranrse
the final classifier was always containing the sgragsameters with one new and also the accuracy was
growing (Fig.1). The test results for full data setre less stable although for every subset sige th
winning classifier was repeatedly containing oneapeeter — CRP. As a result this parameter has beer
added to the set of preselected parameters andatadas were performed again, this time with dligh
better accuracy and always containing the CRP patearm the selected best classifier.
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Fig. 1. Estimation error vs. number of parameters.
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3.3.RESULTS

Proposed algorithm has selected the following patars (Table 2) for the estimating the liver
fibrosis stage:

Table 2. Parameters used for estimation vs. trgigroup size.

Number of X X X X X Xe X X Est.
parameters error
6 w/ CRP PT APTT | GGTP | Glb.a1 | Glb.az | CRP - - 31.0%
w/o CRP PT APTT | GGTP | Glb.a1 | Glb.az | Age - - 31.4%
v w/ CRP PT APTT | GGTP | Glb. a1 | GIb. @z | Glb. 3 CRP - 29.5%
w/o CRP PT APTT | GGTP | Glb. a1 | ALAT | Glb.f Age 30.9%
8 w/ CRP PT APTT | ALAT | GGTP | Glb.a1 | GIb. a2 | Glb. CRP | 28.8%
w/o CRP PT APTT | ALAT | GGTP | Glb.a1 | ALP Glb. B Age | 30.4%

The selected parameters (blood tests) are:

PT — Prothrombin time,

APTT — Activated partial thromboplastin time,
ALAT — Alanine transaminase,

GGTP — Gamma glutamyl transpeptidase,
CRP — C-reactive protein,

Glb. a3 — Alpha 1 globulins,

Glb. ay — Alpha 2 globulins,

Glb.B — Beta globulins.

The final result of presented algorithm is the fatan(3) for calculating the liver fibrosis stage on
the basis of the mentioned above blood tests sesult

y"= -0,4538+0,5432PT +0,015IAPTT +0,0020ALAT, +0,0029GGTP

-0,0238CRR +0,8294Glb.a;, +0,4156GIb.a, -0,1736GIb. 5 )

On the basis of the further analysis of the regiven above, performed usi®TATISTICAthe
importance of the parameters has been estimatesl.Midst important parameters weRypthrombin
time, Gamma glutamyl transpeptidgsélpha 1 globulinsAlpha 2 globulins Although these parameters
were the most important ones, by introducing addél parameters to the formula, despite their lower
importance, the overall estimation error was desgda

4. CONCLUSIONS

Presented paper shows that it is possible to reaiar prediction error level to commercial tests
[6]. It is also worth to mention that the erroréévs calculated against fibrosis stage definedhenbasis
of the biopsy result which is expressed as an arteglue, while the formula returns a real value, s
perfect match is almost impossible. It is also ingat liver biopsy result, according to the othesearch,
is also only a prediction with classification ernaarying from 35% up to 45% [9], depending on the
sample size and count.

Two interesting results may be observed from theioaé point of view — one is the fact that the
CRP value seems to have connection with the Iileeodis stage and the second is the fact that (R€R>
seems to be the most important parameter among Eivwection Tests in predicting liver fibrosis stage

Our research has been done on a very low numbsamoples in comparison to other similar works
[5-7] so it requires further validation.
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