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ABSTRACT

We investigated the additional risk factors, histptal analysis, papillomavirus (HPV) load, numbef
pregnancies to screening accuracy in cervical caniceidence in women screened at different agesigusi
individual patient data from 58 women at high risk comparedei@rence cases. The goal of this study was to
investigate the occurrence of invasive cervix carz&sed on the prevalence of HPV infection amongero
between 18 and 80 years of age in Setif and Algkeefecture in AlgeriaFor this purpose, the sensitivity and
specificity of HPV detection and the combinationtled former tests were treated using artificialeifigence
technique especially fuzzy logic inference. Thelte®f this study may contribute to our understagdf cervical
cancer and may provide useful data for the disga®gnosis and therfore the prevention and treatrnranthis
condition. After the system is established, we lzased on the input values (HPV, Age and numbereagfrancy)

set randomly glance the cancer incidence at outpbbth numeric and linguistic term.
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INTRODUCTION

The main cause of cervical cancer is infection witRV. Human papillomavirus (HPV) infection appe&msbe
involved in the development of cervical cancer iorenthan 90% of cases [13tudies suggest that giving birth to
many children may slightly increase the risk ofvagal cancer among women with HPV infectiorhe etiology of
this cancer has been linked to several types of H#W a high preponderance. Most cases of cerdaater are
caused by just two high-risk types of HPV-type 1bé &ype 18 [2]. The@resence of thesegh-riskviruses in almost
all cervical cancers implies the highest worldwat&ibutable fraction so far reported for a specifause of any
major human cancer. The extreme rarity of HPV-riggatancers reinforces the rationale for HPV testin
addition to, or even instead of, cervical cytolagyoutine cervical screening [3].

Although much attention has focused on the HPV sygsociated with cervical intraepithelial neold§IN) and
cancer, fewer others have detected specific HP¥syp mild genital warts. In these cases, the rofieh detected
viruses are HPV6 or HPV11 [4]. Strong epidemiologia molecular data link HPV infection to cervieald other
anogenital cancers [5].

Screening is one of the best defenses againstceémancer. Most of women who develop the tumorehaever
been screened. Changes observed in dysplasia eridogaa in situ, were qualitatively similar and rimed rather
constant throughout the histological spectrum dfafve precursor lesions [6]. In our study, theulesof the
surveys were recorded in terms of age, viral load @ervical cytology in routine cervical screeni@ur attention
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was focused on the HPV types associated with caririterstitial neoplasia (CIN) and cancer. Detattdf genital
wart-associated viruses has most often been repastgroupings of HPV types. To analyze the fadtorslved in
the occurrence of cervical cancer, it is very car@nd uncertain. The effect of HPV does not nexédggive the
same result from one woman to another. Other faatan influence the cervical cancer incidence tikenber of
pregnancy and age of women. As human physiologyiamdune system differs from one person to anottter,
seems impossible that they will have the same cpmsees. The transition from one category to amathen a
fuzzy environment. The analysis of these paramdtgrfsizzy logic is then perfectly adequate. Fos thie give an
overview on the basic principles of fuzzy logicdrénce. Statistical and health information systanesweak and
the underlying empirical data may not be availatlemay be of poor quality. Because of the weakrdsthe
underlying empirical data a number of the indicatmresented here are associated with significacgrtainty [7].

MATERIALS AND METHODS

Visual inspections and biopsies were performedgufie Preventive Oncology International microbiopsgtocol
for pathological diagnosis. Cervical epitheliaktie specimens were collected and tested. Accotditige results,
women were infected with HPV were classified inraup, and the remaining individuals were classifeedthe
control group. Participants included 54 women. Hampapillomavirus (HPV) detection contributes to mosses of
cervical cancer, and HPV genotypes exhibit differgistributions according to ages, viral load arstdtogical
results.

Fuzzy logic approach

The fuzzy logic approach, a sub-field of intelligsgstems, is being widely used to solve a widéetyaof problems
in medical, biological and environmental applicaioFuzzy logic deals with the analysis on a hidaeel, using
linguistic information acquired from domain expeftfe fuzzy logic concept provides a natural wagedling with

problems, and the source of imprecision is an atssefsharply defined criteria rather than the @nes of random
variables. The fuzzy approach considers cases wiegeistic uncertainties play some role in the tcoh
mechanism of the phenomena concerned [8]. Fuzzg lbepls with reasoning on a higher level, usimguistic

information acquired from domain experts. The abontioned capabilities make fuzzy logic a very pdw tool

to solve many ecological problems, where data maycémplex or in an insufficient amount [9]. The Eyz
inference systems (FIS) are powerful tools forgimeulation of nonlinear behaviors with the helgwfzy logic and
linguistic fuzzy rules [10]. Especially for medicakpert systems, theoretical framework of fuzzyidag a rich

environment is very adequate. The adequacy of apptoach is borne out by the success of the madelactice
[11].

In this study, we propose a fuzzy algorithm in dexi-making. For all the algorithms presented belihere is a
common rule form for rules that associate an olag&m vector.

Fuzzy Logic Modeling

Assemble Input-Output Data rules basis

As the effect of each parameter remains in thel fadfl imprecise and fuzzy, each variable is reprieseiby a
membership function. The degree of influence onrisle factor is reflected by a degree in the fumzgmbership
function. The first step is to collect all inputgpeession of problem. The rules determined by tieae of the fuzzy
membership function are defined for each inputalde.

In general form, If Xis X;(1), and % is X5(2), and ....X; is X,(n), then Y, is Y4(1).
After system is done, we can choose randomly vatueisputs and read instantly the result at ouff@i.

Fuzzy inference systems (FIS) are powerful tooistlie simulation of nonlinear behaviors with thdphef fuzzy
logic and linguistic fuzzy rules [13]. For examptbgre is not a straight-line relationship betwelea types of
human papillomaviruses, age, number of pregnandycarvical cancer incidence.

In our case, each input variable represents a dagfreccurrence of each cervical cancer level comtk As the
degree of risk cannot be measured with precisiam; s uncertain nature, this level is represertgda fuzzy
contour. All the risk factors are the inputs of gestem. “If-then” rules lie in the basis of FuzZypert System.
Here, linguistic values such as small, medium, @y &re used and these linguistic values have apiatep
membership values. After deciding on designing zzlfisystem the first step to follow is to collelet trules of “if-
then” determined by the human expert or the medibaérvations collected from experimental data.
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The output of the fuzzy reasoning system is theategf risk of occurrence of a hazardous effed¢hr@e-input and
two output systems are constructed. The relatipndl@tween the inputs (HPV, Age & Number of pregranc
(Table1,2,3) with the two output variables (virahtl and histology) is analyzed fuzzy term. Thiexplained by the
uncertainty and imprecision related to the phygjmal nature of the patients (Table 4,5

Table 1. Viral load at different stages of cervicatancer relative luminescence units in different isues

Normal cervix LSIL HSIL ASC Normal cervix LSIL HSIL ASC

1 12 16 10234 95632 30 9861R
2 125 42 32015 58210 31 74536
3 24 23 32546 35412 32 25418
4 310 320 62124 85612 33 52153
5 30 52 32507 20234 34 4236p
6 125 12 12540 32015 35 15230
7 42 14000 23564 32544 36 23541
8 500 18 21546 12520, 37 25408
9 b1 95 52021 31507 38 524583
10 12 600 19548 4523 39 42365
11 19 654 58210 54103 40 74236
12 25 325 25412 51453 41 25403
13 65 25 85612 42365 42 52458
14 89 24 45236 45236 43 4236b
15 102 15 54103 54103 44 95210
16 97 67 21453 51453 45 78520
17 56 54 42365 42365 46 78920
18 84 84 15230 85210 47 56200
19 75 97 23541 85620, 48 93120
20 35 104 65140 79520 49 2546
21 54 102 21543 15210 50 15000
22 41 15 21540 63120, 51 32600
23 59 14626 32560 3254 52 45230
24 103 19 23651 62124 53 362011
25 58 98 12543 31507 54 53610

N° | Age | Histo CIN | Nb. of Pr. | N° | Age | Histo CIN | Nb. of Pr.

1| 63 CIN1 6 28 63 CIN3 5

2| 18 CIN1 0 29 50 CIN3 8

3| 75 CIN3 8 30 62 CIN3 5

4 | 52 CIN2 4 31 48 CIN2 0

5| 38 CIN3 2 32 38 CIN3 4

6 | 51 CIN1 0 33 39 CIN2 4

7| 65 CIN1 5 34| 68 CIN3 6

8 | 45 CIN2 3 35 52 CIN2 2

9| 78 CIN3 5 36 52 CIN2 4

10| 49 CIN3 3 37| 64 CIN1 0

11| 45 CIN3 -- 38| 52 CIN1 4

12| 39 CIN3 3 39| 60 CIN3 8

13| 59 CIN2 6 40| 53 CIN3 --

14| 80 CIN3 5 41| 52 CIN2 --

15| 51 CIN1 -- 42| 38 CIN2 0

16| 41 CIN1 2 43| 48 CIN3 5

17| 68 CIN2 3 44| 58 CIN2 4

18| 63 CIN1 4 45 40 CIN3 3

19| 68 CIN2 3 46| 68 CIN3 4

20| 54 CIN2 -- 47| 63 CIN3 6

21| 60 CIN3 -- 48| 44 CIN3 2

22| 73 CIN3 6 49| 72 CIN2 --

23| 60 CIN3 4 50 74 CIN3 4

24| 48 CIN2 8 51| 41 CIN3 3

25| 65 -- 3 52| 56 CIN3 1

26| 48 CIN2 5 53| 62 CIN2 0

27| 76 CIN3 -- 54| 50 CIN2 2
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HPV HPV

N° | PCR | HCII | N° | PCR| HCII

A B|A B A|B|A|B
1 |- - - 28)-|-1-]-
2 |- - - 29]-|-1-]-
3 |- - - |30+ |+]+ ]|+
4 |- - - 31- [ +]- |+
5 |- - - 32]-|+]- |-
6 |- - - 33]-|[+]- |+
7 |- -1- -|34]|+|+]|+]|+
8 [- -]- -|35]-|+]-]-
9 [+ +|+ +|36]-|+]|- |+
10)- +|- +|37]- |+|- |+
11+ +|+ +|38]- |+|- |+
12+ +|+ + |39+ |+]|- |+
13[+ + |+ + |40+ |+|+ |+
141+ +|- + |41+ |+|+ ]|+
15[- +|- + 42|+ |+]|- |+
16]- +[- +]43]|- |+|- |+
17[- +|- + |44+ | +|+]-
18- +|- +]45]- |+|- |+
19]- +|- +]46]- |+|- |+
20- +[- +|47]- |+]|- |+
21[- +|- +|48]- |+ |+ |+
22 |- +|- +]49]- |+|- |+
23|- +|- + |50+ |+]|- |-
241- + |- +|B1|+|+]|- |+
25]- - |- - |52]-|+]|- |+
26]- - |- -|53]-|+]|- |+
271- - |- -|54]- |+|- |+
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Figure 2 shows the fuzzyfication of input 1 repnéisg the “HPV” variable
Figure 2. Fuzzyfication of “HPV” in four membership functions
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Figure 3 shows the fuzzyfication of input 2 repnéiseg the “Age” variable.
Figure 3. Fuzzyfication of “Age” in three memberslip functions
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Figure 5. Fuzzyfication of “Viral-L.” in three mem bership functions
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Figure 6. Fuzzyfication of “histological-T" in three membership functions

In order to make fuzzyfication the linguistic exgs®ns below are used. The proposed fuzzy logidaadrcancer
prevention system consists of three inputs vargalitaezzy variable

4.2. Fuzzyfication of output
Once the program is established, it allows direetdmg of the result to the output instantly jugtrandomly
assigning. This constitutes a powerful tool forvezal cancer prevention.

Fuzzyfication of inputs

In order to make fuzzyfication the linguistic expsmns below are used. The proposed fuzzy logiciaarcancer
prevention system consists of three inputs var&@alteizzy variable “HPV” has the linguistic valueGRRSmall;
PCR-Big; HCII-Small; HCII-Big (The presence of gé&yof virus can coexist with another type but wdtfierent
proportions). Also, the input “Age” can be fuzzyfia linguistic variables (The border between yoantid adult for
example cannot be considered sharp). The mappingsaf inputs variables through the membershigtfans are
represented in the linguistic values.

Fuzzyfication of outputs

The data for the outputs (the viral load and higjial tests according cervical cancer incidence)epresented by
the level of viral load which fuzzyfied in tree mkership function (Low-grade squamous intraepithédéaion;
High-grade squamous intraepithelial lesion and &g squamous cells) (Figure 5). Figure 6 shows the
fuzzyfication of histological tests output in threeembership functions (CIN1 for mild dysplasia; QINor
moderate dysplasia; and CIN3 for both severe dgspknd carcinoma)
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Inference engine

The inference engine consists of AND operatorait this operator select minimum input value fa& tutput and
also this is not the logical AND. This inferencegame takes three inputs from the fuzzyfier to pr@the outputs
results values according to the min-max composifidris method uses min-max operation between thetsnand
outputs. According measured values, fuzzy ruleseatablished. The rules must include all possiblakinations
from measured values.

Fuzzy Rules

The rules determined by the choice of the fuzzy brenship function are defined for each input vaealh general
form, each fuzzy rule is written as wereaad A are the fuzzy sets that describe the nature ofniingts, such as
Small smoker, Average smoker and Heavy smoking.liflgeiistic control rules of this system are giv®n

If X1 IS X1(1) and % IS X5(2) and... X, IS X,(n) Than Y, is Y,(1)

Defuzzyfier
This system has two outputs that describe the ldead and histological tests. We can say thatatghthe cervical
cancer incidence according inputs variables. Thaetic value output is given by the defuzzyficatimocess after
estimating its inputs values. In this system weehesnter of average (C.0.A) method which has thinenaatical
expression that isZ(Si.RiZRi). In the defuzzyfication the exact expressioroligained with “centroid” method
according to validity degree. The outputs valuesoeding to the inputs values obtained from the glesil fuzzy
engine system [16].

RESULTS AND DISCUSSION

The constructed system is based on fuzzy logic inttde designed for measurement of different eslwf cervical
cancer incidence. MATLAB 10 simulation is used Ipplying rules. Figure 7 shows the MATLAB- rule viemwand
simulation result. One plot at a time shows thatieh between any inputs with output wherein thmerical values
to the output values are assigned to the lingutstims of the cancer incidence. The values of tR&,H\ge and
Number of pregnancy set to randomly and can beuitist read the cervical cancer incidence at th@wutThe
designed system can be remains extensible to e#tn@bles that are not considered in this studye design work
is being carried out to design state of the arkyupgic cervical cancer concern prediction sysiarfuture using
hybrid neuro-fuzzy system.

HPV =3 Age =42 Nb Pregnancy = 2 Viral Load = 5 82e+004 Histological Tests = 2.11
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Figure 7. Application Example: attribution random variable inputs and direct reading of the output vaiable
CONCLUSION

The artificial intelligent system using fuzzy logiecethod could extend our understanding of factéfiece on the
nature of the cancer and its incidence rate. Ttadligeent software created in this study could kedifor giving an
idea about the cervical cancer incidence expedtié. other factors are involved in the process #rat are not
considered in this study, in addition to impreaisaready considered in the data analysis, thesy& expandable
to other factors.

The goal of this study is to design and performilet pnvestigation which will provide preliminaryada. Modern
methods of computational intelligence such as fupgyc are used to achieve the medical complexyaigal The
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result of the fuzzy program so far, is a numerid apmbolic terms; using the fuzzy inputs data ia timiverse of
discourse (HPV, Age and number of pregnancy). Asitiput parameters are characterized by uncertaimty
believe that this tool is very adequate. We empeattiat our fuzzy system is not meant to replacgubstitute for
an experienced physicians; on the contrary, wesage that the fuzzy logic system should be vievged decision
support in the most accurate. Once the establisysteém, it allows to predict the impact of eachuingnd its effect
on the output parameter. Assessing the degree pddtrallows us to define the set the factor thattha greatest
impact in the cervical cancer prevention.
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