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Abstract

Background: According to the World Health Organization 130-150 million (according to WHO) of people globally are
chronically infected with hepatitis C virus. The virus is responsible for chronic hepatitis that ultimately may cause liver
cirrhosis and death. The disease is progressive, however antiviral treatment may slow down or stop its development.
Therefore, it is important to estimate the severity of liver fibrosis for diagnostic, therapeutic and prognostic purposes.
Liver biopsy provides a high accuracy diagnosis, however it is painful and invasive procedure. Recently, we witness an
outburst of non-invasive tests (biological and physical ones) aiming to define severity of liver fibrosis, but commonly
used FibroTest®, according to an independent research, in some cases may have accuracy lower than 50 %. In this
paper a data mining and classification technique is proposed to determine the stage of liver fibrosis using easily
accessible laboratory data.

Methods: Research was carried out on archival records of routine laboratory blood tests (morphology, coagulation,
biochemistry, protein electrophoresis) and histopathology records of liver biopsy as a reference value. As a result, the
granular model was proposed, that contains a series of intervals representing influence of separate blood attributes on
liver fibrosis stage. The model determines final diagnosis for a patient using aggregation method and voting
procedure. The proposed solution is robust to missing or corrupted data.

Results: The results were obtained on data from 290 patients with hepatitis C virus collected over 6 years. The model
has been validated using training and test data. The overall accuracy of the solution is equal to 67.9 %. The
intermediate liver fibrosis stages are hard to distinguish, due to effectiveness of biopsy itself. Additionally, the method
was verified against dataset obtained from 365 patients with liver disease of various etiologies. The model proved to
be robust to new data. What is worth mentioning, the error rate in misclassification of the first stage and the last stage
is below 6.5 % for all analyzed datasets.

Conclusions: The proposed system supports the physician and defines the stage of liver fibrosis in chronic hepatitis C.
The biggest advantage of the solution is a human-centric approach using intervals, which can be verified by a
specialist, before giving the final decision. Moreover, it is robust to missing data. The system can be used as a powerful
support tool for diagnosis in real treatment.
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Background

Medical diagnosis support systems are gaining accept-
ance of medical communities and are increasingly used
for decision making in difficult diagnostic or therapeutic
settings. In this paper, we proposed a medical support
system for staging of liver fibrosis based on routine la-
boratory data.

The research has been carried out on archival data of
patients with chronic hepatitis C and reference group of
patients with various hepatitis etiologies (hepatitis B
virus infection, nonalcoholic steatohepatitis, alcoholic
hepatitis), who underwent liver biopsy. The data con-
tains the routine laboratory examinations of peripheral
blood, such like blood morphology, coagulation, bio-
chemistry and protein electrophoresis and liver biopsy
result. These data, in anonymized form, were obtained
from the Dept. of Gastroenterology and Hepatology, Prof.
Kornel Gibinski Central Clinical Hospital of the Silesian
Medical University in Katowice with the consent of the
Head of the Gastroenterology and Hepatology Unit.

Presented approach is used to recognize liver fibrosis
stage of patients with hepatitis C virus (HCV) infection.
The virus, in the majority of the infected people, is respon-
sible for chronic hepatitis, which ultimately may lead to
liver cirrhosis and death. The number of people infected
with HCV both in Poland and worldwide is high. Accord-
ing to the Polish National Institute of Hygiene and WHO
it is 730 thousand and 150 million [1], respectively. Hepa-
titis C is a silent disease, hence even 90 % of infected pa-
tients are unaware of infection responsible for progressive
liver injury. An appropriate pharmacological treatment
may slow down or stop a liver damage. Knowledge on the
degree of liver fibrosis is important for diagnostic, thera-
peutic and prognostic reasons. The liver biopsy is still the
“gold standard” recommended for assessment of severity of
hepatic fibrosis and inflammation, however, this procedure
is invasive, expensive, potentially painful and even life-
threatening. Moreover, biopsy cannot be repeated in short
periods to follow changes in hepatic histology.

Recently, numerous noninvasive biological and phys-
ical tests emerged on the medical market conceived to
detect advanced hepatic fibrosis and cirrhosis. Unfortu-
nately, the biological tests, like the ELF°[2] or FibroTest"[3],
have limited diagnostic specificity [4] and are expensive
commercial products. The instrumental methods based on
different techniques of measurement of liver stiffness are
promising but still not largely introduced to clinical practice
[5]. In all validation studies of aforementioned diagnostic
methods the liver biopsy is used as the reference technique,
however, biopsy itself is an invasive procedure burdened
with significant intra- and inter- observer errors [6, 7].

The previous works of authors of this paper [8, 9] have
proven that it is possible to estimate liver fibrosis stage,
basing on blood tests, but it must be noted that these
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works were performed on small database. An advantage of
the proposed approach over the biopsy is the fact that it
does not require hospitalization and can be repeated in
regular periods of time without any risk to the patient.

This research is a part of a project aiming to create an
on-line E-medical diagnosis support system for non-
invasive liver fibrosis recognition [10]. The system should
provide an intuitive feedback containing not only a diag-
nosis, but also its explanation. However, not many solu-
tions offer human-centric approach that would combine
reliable classification method with intuitive representation
of data. Therefore, granular computing [11, 12] was se-
lected, both from a conceptual as well as algorithmic per-
spective, in the realization of information model. Using
this paradigm, data can be aggregated as many formal rep-
resentations of information granules: intervals [13], fuzzy
sets [14], rough sets [15], shadowed sets [16], or probabil-
istic sets [17]. There are several works, which prove the
usefulness of granular concept [18-20]. The effectiveness
of the proposed method was compared with other, most
commonly used solutions — the k-nearest neighborhood
(kNN) variants [21], perceptron neural network [22], Ra-
dial Basis Function network [23], random trees [24] and
naive Bayes classifier method [25].

Methods

The method was built based on a data set containing 33
different blood attributes collected from 290 chronic viral
hepatitis patients from the Dept. of Gastroenterology and
Hepatology of the Prof. Kornel Gibiriski Central Clinical
Hospital of the Silesian Medical University in Katowice as
well as 75 patients with other hepatitis etiologies. Due to
high count of missing values (over 66 %) in some attri-
butes, eight of them have been eliminated from the set,
leaving 25 of them (see Table 1) for further processing.
Eliminated attributes did not have values representation
for all stages of liver fibrosis.

A set of patients’ blood attributes (K) has been deter-
mined as shown in Table 1. Based on previous research
[10], patients’ age has been included as an additional
attribute, thus the set K contains 26 attributes. Variable
k=1,...,26 is used to denote the number of an attribute.

For every patient, the biopsy results have been col-
lected as a reference value. Liver biopsy examination
was performed according to the METAVIR scoring sys-
tem [31]. Fibrosis level was staged on a range of 0-4
with step 1: FO — no fibrosis, F1 — portal fibrosis without
septa, F2 — few fibrosis, F3 — numerous septa without
cirrhosis and F4 — cirrhosis.

Many authors point out that some biopsy fibrosis stages
are difficult to diagnose, even for experienced doctors [10].
For this reason, after medical consultations, the new classi-
fication has been introduced. Instead of FO and F1 fibrosis
stage, the low (n=1) level class S; was applied. Instead of
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Table 1 Data set characteristics
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No (k) Parameter [unit] Mean (std. deviation) Missing values No (k) Parameter [unit] Mean (std. deviation) Missing values
1 Age [years] 574 (14,15) 0% 14 GGT [IuU/L] 709 (66.15) 3%
2 Hemoglobin [g/L] 146 (1.71) 58 % 15 Creatinine [mg/dL] 1.0 (0.35) 60 %
3 RBC [10°/UL] 4.8 (062) 58 % 16 Glucose [mg/dL] 96.4 (19.83) 62 %
4 WBC [10%/UL] 6.1 (1.9 0% 17 Na [mmol/L] 1383 (3.10) 63 %
5 PLT [10°/UL] 197.1 (59.5) 0% 18 K [mmol/L] 4.3 (046) 63 %
6 PT [secl] 120 (4.7) 27 % 19 Cholesterol [mg/dL] 187.0 (38.71) 20 %
7 PTP [(%)] 996 (15.75) 3% 20 Total protein [g/dL] 7.5 (0.64) 16 %
8 APTT [sec] 335 (5.59) 42 % 21 Albumin [g/dL] 0.5 (0.25) 29 %
9 INR 1(0.17) 12 % 22 Albumin [%] 60.9 (5.92) 23 %
10 AST [IU/L] 63.8 (48.54) 1% 23 Globulin a; [%] 2.7 (0.87) 24 %
11 ALT [IU/L] 82.5 (64.26) 0% 24 Globulin a; [9%] 9.2 (1.53) 24 %
12 ALP [IU/L] 80.3 (29.99) 5% 25 Globulin (3 [%] 106 (1.70) 24 %
13 Bilirubin [mg/dL] 1.0 (0.64) 6 % 26 Globulin y [%] 164 (5.09) 23 %

RBC- Red blood cells; WBC- White blood cells; PTL- Platelets; PT- prothrombin time; PTP- prothrombin ratio; APTT- activated partial thromboplastin time;
INR- international normalised ratio; AST- aspartate aminotransferase; ALT- alanine aminotransferase; ALP- alkaline phosphatse; GGT- y-glutamyltransferase;

Na- natrium; K- kalium

F2 and F3, the medium (n=2) level class S, was used,
while instead of F4 METAVIR cirrhosis, the S5 class (n = 3)
was applied. It means that instead of five METAVIR scor-
ing scale, the three S,, n=1,...,3 fibrosis classes will be
taken into consideration. The new classification scores
were introduced to the proposed medical support system.

Blood and age data were grouped according to the bi-
opsy result and assigned to the sets Xy ,, where k=1, ...,
26 is a given blood attribute and the number n=1, ..., 3
describes one of the new fibrosis S,, classes. The data is
processed for every k”* blood and age attribute separ-
ately, so every set X, represents the n” fibrosis class of
K™ attribute. Each set Xy, includes up to P values, where
P is a number of examined patients. For example the set
X103 comprises values x; i=1, ... PP <P of the blood
attribute k=10 (ASPT) of all patients, who were diag-
nosed with fibrosis class n =3 (S3). It means that theor-
etically we can create kxn=26x3=78 various Xg,
sets. An exemplary set X, is presented in Fig. 1.

Due to missing values in patients’ data, the cardinality
of the Xj, sets is various. Therefore, the granulation

process is focused on the values distribution within a set
and not cardinality itself.

In the proposed method, medical data are processed
to acquire useful information. The medical data process-
ing is realized inside of three functional blocks. The first
block, using X, sets, creates intervals based on the jus-
tified granulation paradigm. This transition is shown in
the left part of Fig. 2. The clouds of black points are de-
scribed as a series of intervals. In the middle block the
intervals are generalized to fuzzy sets using fuzzification
procedure. Finally, the intuitive classification algorithm
is proposed to merge the obtained results using voting
procedure, which is a common approach in advanced
biometric systems [26]. The system’s functional diagram
in Fig. 2 presents information flow and changes of med-
ical data representation.

Information mining using justified granulation method

As mentioned before, due to missing data, the cardinal-
ity of Xy, sets varies. Therefore, the granulation process
is focused on the values distribution within a set and not

X n = median(Xy,) .

X (< Xk,n

Xmin

Fig. 1 The illustration of X, set for a given k and n in a value domain

>0 @ o>
Xmax
Value of attribute
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Fig. 2 Data representation during classification process: clouds of black points (elements of X, sets), series of intervals and fuzzy sets. The
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cardinality itself. Direct analysis of the raw blood and
age attributes for fibrosis stage evaluation could be
troublesome, therefore the justified granularity paradigm
[27] was adopted for this task. This data mining tech-
nique creates an interval granule over a set X ,. To find
an interval representation over a X;, set, its left and
right boundary is determined using information function
V family, defined in Eq. 1:

Vo(xiy X w, @) =f (card({x,'eXk,n HETRS x,-sxi})) X fo(|Xkn—%i]),
Vl(xi,Xk,n,oc) =f1 (card({ijXk,,, : xk,n < x/‘le‘})) ><f2(|9'ck,,,—x,4|),

(1)

where:
X = median(X),
f1(w) =u,
f1(2) = exp(-az),

Xin - set contains values of k" blood attribute of

patients with the n"" fibrosis class,

Xin - median over a set Xy,

a- specificity parameter a = [0, &,

The intuitive character of V family function was illus-
trated in Fig. 3.

If the elements of the set are uniformly distributed
then the maximum of V function is directly affected by
a value. The functions V; and V, favor the boundary
values of a set for a =0 to values close to median for
@& = yqr- In practice, for values a€(0,a,,,,), the V
function family assumes maximal values in proximity of
local concentration of groups of elements of the set. These
values can be treated as characteristic representation of a
set for a given a. The balance between cardinality of the set
and concentration of values inside of this set can be tuned
using a parameter. Using defined a value the representa-
tion of information granule gi, .= G(Xy,®), as interval

V(x;, X ;. a)

Xmin

of groups of elements of the set

Fig. 3 The illustration of X, set for given a in value domain. The functions V, and V, assume maximal values in proximity of local concentration

oV
oW
o
e
o—o >

Xmax Value of attribute
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(@1 maw A2 4na] can be determined by finding the values for
both v; and v, functions according to Eq. 2.

G(Xk,n,a) = [al,k,n,avaZ,k,n,a]
argmax {Vl (Xk_,,,x,-a)}
:xiEXk.n

Vo XinoXi
A ko = Vr(Xk,naa') :;reg)zuj { r( kn x,a)}

gk,n,tx =

a1 kna = Vi (Xk,m a’)

(2)

Before going to the next stage, the specificity param-
eter a value should be normalized from [0, a,,,,] to
[0,1]. The normalization procedure was described thor-
oughly in [27, 32].

Eq. 2 provides a balance between the specificity of a
granule and its size. The advantage of proposed method
over other solutions is only one parameter to tune.
Moreover, the a value influences the area where the
group of values is searched. The interval representing a
set is found by its left and right boundary according to
Eq. 2. An example of V; functions family, which values
was normalized to [0,1], is shown in Fig. 4.

The v, function values represent maximal values of V;
function for given a, thus allows to find a local concen-
tration of elements within X ,, set. The granulation algo-
rithm (G), which finds an interval representation for a
given a and Xj, set, is defined as follows:

1. Calculate value a0 = Vi Xg Q).
2. Calculate value ay 4 = v, (Xgn ).
3. Construct information granule g, o = [@14mm G2k 1ma)-
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The granulation algorithm processes elements of a set
to find its representation. Therefore, performing z € Na
-cuts equally distributed within a range [0,1], will allow
to finding a characteristic values for each set. To find
the pattern within all ranges of specificity level, as illus-
trated in Fig. 4, the series of z interval granules for a;,
i€{0,...,z— 1} are built, where values of a; are equally
distributed within [0,1]:

0 = z=1

a; = z> ]_,iG{O,...,Z—l}

(3)

z-1

The result for parameter z=3 is a sequence of three
granules generated for a;€{0,0.5,1}.The example for
blood RBC attribute, in comparison with histogram, is
presented in Fig. 5 for each class.

The proposed approach does not favor the class with
higher number of samples. Moreover, the received inter-
vals illustrate a change within a set. Intervals are crisp
and do not take under consideration values which are
lying in close proximity to its boundaries. Thus, fuzzifica-
tion was proposed in next step to consider this feature.

Interval fuzzification procedure

The process of changing interval representation of infor-
mation granule to fuzzy set adds an uncertainty level.
Based on two interval information granules constructed
over set Xy, (gkﬁmoandgk_n"j, where j€{0,...,z-1}), a

fuzzy set granule g, , .. is build. In the proposed

Vl(xi' Xk,‘ma)
12 maximum of V, function for given «
’
1
the a value
0,8
e |
0,6 sl 0,75
vode+r 0,5
0,4 cesdées 0,25
L LR IXD . 0
0,2 .
. . Y (’ :.'
-o-'..-.’. x.'ni‘a :'::
0 ? TELL 2 . . . d .
0 2 4 6 8 10 12 %i €Xin
Fig. 4 The example of normalized V, function for various a value. The maximal value of V; function, for given q, allows to find a local
concentration of elements within Xj ,, set
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Fig. 5 The RBC attribute interval representation for class 0, 1 and 2 respectively: (a) histogram (b) generated interval granules for z=3

method, the ay is constant value equals 0 and it rep-
resents all values of the X, set. The granulation

function G , which constructs fuzzy granule and its
membership function, was defined as follows:
G: <gk,n,ao 7gk,n,aj) _)gk,n,ao,ap (4')

gk,n,ag,oc/ Egk,n,o,uc, = (bla be bB; b4)71 where:

by = inf(Gy ) = a1kn0:
b2 = lnf (gk,n,aj) = ﬂl,k,n,a;v
by = 5up (G 1s) = 2k
bs = sup(Gr o) = 240
:2—_221<(11-_‘2)) ¢ wzbi(1-d) and x <by
by(1+d)-
”ﬁk.n,o‘a, (x, d) = M : x<(1+d) and x > b3xeRdel0,1],
1 : x2by and x<bs
0 : otherwise

where:
k- number of an attribute,
n- liver fibrosis class,
d - generalization parameter d € [0, 1],
a;- j™ a-cut evaluated using Eq. 3, € {0, ...,z - 1},
ay- constatnt equal O in the equation,
z - number of cuts,
inf/ sup - lower/upper boundary of an interval (g granule).
The proposed granule gkynyo‘ai describes the n™ class of

liver fibrosis for a given kK attribute and ;™ a-cut. The
boundary values of gk,nﬁw/ are represented by constant

ap=0, therefore b; and b, will always assume respect-
ively minimal and maximal value of X, set. The trapez-
oidal fuzzy membership function u(x) was selected as
intuitive fuzzy representation of two intervals. Moreover,
this set representation simplifies the calculations and
was successfully applied in many medical works [28, 29].
Finally, the initial experiments with other fuzzy repre-
sentation e.g. Gaussian, triangle, bell-shape did not have
impact on model accuracy. The introduced in Eq. 4
generalization parameter (d), illustrated in Fig. 6, allows
to take under consideration the values, which are laying
in close proximity of a granule, but are not a part of it.

Figure 6 b shows changes within the age attribute. The
created granules for a=0 overlap significantly between
classes 7 = 1,...,3, thus they provide a little useful informa-
tion for classification purposes. Moreover, the median cal-
culated for 2nd and 3rd class (#) is placed almost in the
same place - around 55 years. Nevertheless, the shapes of
fuzzy sets for a€(0,1) differ significantly and therefore
can be used as information to find the correct fibrosis
class. The fuzzy set for a; =0.5 and a; =1.0 (Fig. 6 b) pro-
vides more information as offering smaller overlap of the
sets. To improve classification accuracy the attributes,
which sets overlap significantly [33], are removed from
further classification. Only selected set of attributes K’ c K
with the smallest overlap of fuzzy intervals between all fi-
brosis classes, are processed further.

Classification process

The created granular model is used to evaluate the clas-
ses of liver fibrosis for test patients. The data of a given
patient is compared with the model using membership
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Fig. 6 ¢ membership function for a given aj and changing d parameter: (a) example, (b) real estimated data for Age attribute

function 4z o4 (ykd) , where y; is the medical examin-

ation result of a patient for a given &’ attribute. The
membership function provides information, whether or
not a patient has n™ liver fibrosis class, according to k™
attribute. The aggregation (averaging) over all attributes
(k) is performed for each a;j=0.z-1 and n™ class

separately. As a result, the average value for each class is
evaluated. Finally, the voting is performed based on the
values obtained for each of z a-cuts. The motivation of
voting was based on the physician analysis scheme,
where similarities of symptoms are analyzed. In this case,
the classification procedure weight, how many fuzzy gran-
ules favor a given class. The aggregation and classification
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Fig. 7 Classification example illustrated on two attributes: Age (a) and RBC (b). The values of attributes of classified patient are compared against
the fuzzy representation of classes. Then, using averaging (c) and weighted voting d, the patient’s fibrosis class is found

process is illustrated in Fig. 7 for two attributes: age (k=1)
and RBC (k = 3).
The black line in Fig. 7 illustrates the values of attributes
of classified patient. If the patient does not have an attribute
marked the attribute is not taken into consideration. Using
only results for a;=0 the classification is inconclusive  Table 2 Liver fibrosis medical data distribution

(equal value of membership function for all three classes).  Fibrosis class METAVIR scoring scale Number of patients (%)
For the second and third column (a; =0.5 and a; =1) age at- g, FO-F1 129 (44,5 %)
tribute favors n=1 class (marked by blue curve), while S, F-F3 102 (35.2 %)

RBC attribute favors (b / RBC) n = 3 class (marked by green
curve). To find the correct diagnosis the mean value of
membership function is calculated for given a; (Fig. 7c). As

S; F4 59 (20,3 %)
Total 290 (100 %)
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highest value: 64.1%
overall
accuracy
[%] 10,64-0,65
0,64 10,62-0,64
0,62 u0,6-0,62
0,6 m0,58-0,6
0,58 H0,56-0,58
0,56 m0,54-0,56
0.3
0,54 m0,52-0,54
0,52 m0,5-0,52
0,5
a
5
z 6 7
Fig. 8 Calibration of proposed method using number of cuts (z - discrete parameter) and generalization parameter (g)
presented in example average values for a; =0 carry no in-
formation, however the average values for @; equal 0.5 and Z_IZ . (i, d)
1 favors n=3 class. Finally, the weighted voting is per- weax (Y,n) = Z]’:O card(K') V€Y

formed between the results acquired for a; € {0, 0.5, 1}. The
class n = 3 with the highest value (w) is selected.

The patient’s classification is performed formally based
on his medical data set Y = {y;, k € K}, where y; defines a
value of K attribute. The weight of n™ fibrosis can be
calculated using a following equation:

(5)

where: 7 is a number of fibrosis class, K' is set of se-
lected attributes, card is cardinality of a set, z and d are
the method parameters.

overall accuracy [%]

the highest value:

0,68

67.9%

accuracy obtained
without attribute
reduction

0,66 -

0,64

0,62
0,6

0,58

0,56 -

0,54 -

0,52 - \ T

(K" cK) with the smallest overlap between all fibrosis classes

Fig. 9 Tuning of proposed method of attributes reduction vs. overall accuracy. The classification is performed only on selected set of attributes

15 18 21 24
card(K’)
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Table 3 Results of the proposed method compared to generic
classifiers [21, 22, 24, 25]
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Table 5 Results of the proposed method compared to generic
classifiers on 365 patients with various etiologies [21, 22, 24, 25]

Method Overall Specificity [%] Sensitivity [%] Method Overall Specificity [%] Sensitivity [%]
?Oza;uracy S 5, 3 S 5, 3 ?(ycoiuracy 3 S, S, S, S5 Ss
Granular model 679 621 931 918 868 402 746 Granular model 674 842 913 914 842 385 783
Random Tree 614 714 766 905 667 578 559 Random Tree 634 748 765 921 691 540 670
PNN 60.7 708 888 801 767 324 746 PNN 61.6 757 909 757 671 393 814
Naive Bayes 597 758 633 961 620 627 492 Naive Bayes 60.8 602 847 929 801 385 597
Auto-Binned 1Bk 586 540 793 970 775 382 525 Auto-Binned IBk 584 598 794 947 739 401 577
RecBF-DDA 56.9 604 728 962 652 531 466 RecBF-DDA 614 776 831 925 636 483 742
1Bk (k-NN) 493 304 824 991 876 206 153 Bk (k-NN) 448 315 765 1000 815 319 00

Finally, the class for which w function returns maximal
value is treated as the patient’s fibrosis class (S):

N argmax{ W ; /(Y ,n)
Szax(Y) :ne{1,,..,{3} w00}

(6)

where:

Y- a set of laboratory blood test results of the patient,

n - represent the liver fibrosis class, defined as n=1,

o 3,

z, d, K' - parameters of proposed method.

The quality of recognition depends on differences be-
tween w, 4 r function values. Significant difference between
calculated weights, for various classes, confirms that quality
of diagnosis is high.

Results
After medical consultations 3 classes were selected for
representation of 5 liver fibrosis levels - see Table 2.

The number of cuts (z) and generalization parameter
(d) was calibrated using training data and unified sam-
pling. In first case all 26 available attributes were used.
The calibration scheme is presented in Fig. 8. It is worth
to note that z is a discrete parameter.

To improve classifier accuracy, the set of analyzed at-
tributes was decreased to the K’ set. The dependency be-
tween the overall accuracy and number of attributes was
analyzed. The results were presented in Fig. 9.

The best result was obtained for card(K’) = 18. More-
over, for the values from 12 to 21, overall accuracy was
improved as well. The attributes reduction, by taking
under consideration fuzzy function overlap, improved
the overall accuracy by 4 %.

Table. 4 Confusion table for Granular Model

Calibrated model was verified using 10-fold cross
validation [30] and the obtained results have been com-
pared with a various, selected classification methods. Re-
sults for 290 patients infected with hepatitis C are
presented in Tables 3 and 4.

Sensitivity and specificity are statistical measures of
the performance of a binary classification test. Specificity
(sometimes called the true negative rate) measures the
percentage of people who are correctly identified as not
having this stage of liver fibrosis. Sensitivity (also called
the true positive rate) measures the percentage of people
who are correctly identified as having the defined stage
of liver fibrosis. Comparing to the proposed method the
overall accuracy is highest. But, what is even more im-
portant from medical point of view that only 6.5 % of
the misclassification occurred between the first and the
last class. The research was extended to verify the model
against patients with various liver disease etiologies.
Therefore, the 365 patients’ dataset was used, where the
patients with HBV, HCV as well as nonalcoholic/alco-
holic hepatitis were included. The result was presented
in Tables 5 and 6. The proposed model proved to be su-
perior over various other classifiers. The results are
stable and 67.4 % of overall accuracy was achieved. Fur-
thermore, misclassification between the first and the last
class decreased to 6.2 %.

In case, when precise fibrosis class (by METAVIR
scale) is required, the method can be applied directly
without prior grouping to three classes. In research the
dataset of 365 patients with various etiologies was used.
The result of five class classification was presented in
Tables 7 and 8. The overall accuracy of the method is

Table 6 Confusion table for Granular Model for 365 patients
with various etiologies

Classified as Classified as
Biopsy S S5 S5 Biopsy $ S5 S5
FO+F1 112 9 8 FO+F1 123 15 8
F24+F3 50 41 11 F2+F3 60 47 15
F4 Il 4 44 F4 15 6 76
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Table 7 The method accuracy considering 5 classes of fibrosis
by METAVIR scale

Metavir class (F)

Specificity (%) Sensitivity (%)

0 88.6 14.2
1 79.5 56.8
2 88.9 22.8
3 93.0 369
4 88.0 814
Overall accuracy (%): 521

52.1 %. The Table 8 shows that using five class classifica-
tions the uncertainty of the result must be taken under
consideration. However, the majority of misclassification
cases are usually made within neighboring classes (111
of all 175). Based on METAVIR scale classification a
physician can make more precise decision about future
treatment. In future, the analysis will be extended to
measure the robustness of method against independent
cohort of liver patient from another institution.

Conclusions

Obtained results, on a given data set, are promising and
proved to be superior to other classifiers. Moreover, the
data representation in form of information granules (inter-
vals and fuzzy sets) can be presented graphically, while the
conclusion is made by intuitive voting procedure. Unfortu-
nately, direct comparison against commercial methods is
currently impossible, due to unavailable borderline com-
parison database. Neighboring liver fibrosis stages are often
hard to distinguish even by liver biopsy, therefore in the
presented research, only three classes of liver fibrosis sever-
ity have been defined. Nevertheless, if needed, the model
can be used to perform full, five classes, METAVIR classifi-
cation. The overall accuracy measure (number of samples
classified correctly to the number of all samples in the set)
which has been chosen to rank different methods is a com-
mon, but imperfect measure, as preferably all classes in the
test set should have equal cardinalities, which is not fulfilled
in the presented case. The proposed method tackled well
with uneven classes and missing data, performing balanced
diagnosis with relatively high accuracy. The strong points

Table 8 The confusion matrix presented for 5 class of liver
fibrosis classification (METAVIR scale) using the proposed
method

Classified as
Biopsy 0 1 2 3 4
0 3 9 5 2 2
1 25 71 12 6 11
2 7 23 13 10 4
3 2 10 14 24 15
4 5 7 3 3 79
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of the method are: use of routine blood tests, good per-
formance on a small subset of parameters, easy principles,
and repetitiveness of results (not using random factors).
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