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ON COMPUTATIONAL BAYESIAN ORDINAL LOGISTIC REGRESSION
LINK FUNCTION IN CASES OF CERVICAL CANCER IN TUBAN
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1. INTRODUCTION

Cervical concer has fhe highest prevalence among women and mnked second to bremst cancer as couse
af death [ 1], [n Indosesin, corvical conoer casses death in women [2]. This disease is primanly caased by
Haiman Papallomm % iemas (HIMY) [3]. The high mostality mie is resulted by lale frenimend, where patiests only
seek for help doring the late stage of the disease 4], There are spprosimalely 32 million woemen in Indonesia
with eomcer risk, and 36% of female cancer patbents suller From corvical capcer §5]. This 1ype of cancer can
be prevented with early screening using Pap fest [6]. Factors influencimg Pap fesd ave ibe use of contracepives
amil ehaldbirh [ 1] This topdc, this, i nleresting o b sudial sl amlyead famber (7],

Logistic reprossion with link fonction & o method o create 8 mode] by using dichowmons and
pelyemionons mespons virahle (5] To oeste a maodel of correlation belween prodechor and nesponse
varishles, researchers pemerally use regression methesd, eltler the simple or rmliiple ones [9]. However, in
thee cases where Gagss-Markoy sssamptions are vielsed. il (rogoendly wsed QLS {Ordinary Loast Squanee )
ardd Masimuam Lielihaood will fif Jess, thus, the moest fiting methed s Bayvesian MOMC-Cabhs Sampling
(ELH!

A rescarch conducted by | 1] mppled logissic link function mode| in medical science by classifying
benign ad malipnan Hssees i Breast cascer, The appdication of this model in nesdics science takes inio
ocoonmi octud death cases. Similor rescarch was curried ol by | 12] who uﬂ:liad. the snme madel on cervical
cancer vases In Sweden By modellmg the nesults of regilar serceming evalustion perfomed o conrol th
disease mie i the country, Another similar research b thar of [13] , which iird limk functeon of bogistic
regression on cervical cancer prevalesce in China and foud that pre-surgery ‘and chemtherapy
are independent protecting factors for vasculsr spoce invasion and cervical cincer fmvasion. Resciech
conducted by [ 1] and [12] wse logistic regrossion anslvaes sath maximemm Likelibood methol, which optimise
likelthood fanction and reguine the doa io folbew o cenain distribation paitem, In fact, ihe dam :Extrﬂ'u.ﬂlu
in bogistic regression are nol always represened in cles dismibation. thus this stody ovestigaies the link
function of onfinal logistic regression using Bayesion MCMC compuggna approach, This method
utilized 1o ohiain estmmmed parmmster of link fusction hgistc model and the facton infoencing the resalis
of Fap cenvical cancer fes. The use of this mode] i expecied o give msight about optemum cervical concer
treatment; e, it can be included in dssomintson of bow o eal this disease. B s capesiad thar the resal
can enmirthufe o :ﬂm cervicnl] cancer Fl'nlll:un: im Tuban Begency, u‘|1p'r|.1'n: scienlilic knowledge, and
infarm people shout the facors kel inflsmce the resulis of Pap cervieal copcer test. Therefone, the Healih
Department of Tuban cen take o aoount the resulls of this study in esablshing policies of siraegic
miethods for Gester vervical cancer Ireatment.

1. RESEARCH METHOMIS

11, Bayesion Ordinal Logistic Regression Link Funciion Muodel

Link Function of Oedingl Logistic Regression s one of statistical models that s ol o onalyee
respomse virable with 3 or more cibeponies in onlinal data scale [ 14) Drdinal hogistic regresson is a
:nrrmlnllm:uhuitmr:dci. angd bts predicior rmst he cutegorical amd or guanditsiive [15]. The characteristics of
C R ER wvariahle in ordinal-logil madel are explomed m curmilmive probabilicy, & model fomed by
Juxpasing cumaotive probabiliny, o probebiliny of o valoes being less thaa or equal o |* responss in p
preslecior variabbe | M) The pamuose of ordinal Jogisisc regression mode] is o obioin o O ofd semple model
v il hestrane. response yariabde with o group of predicton vanahle [15]. Presensed below is the Bk function of
ardinal logistic nrgression moded |[17]

.-;ﬁi}ﬁg.] i)

The values of a, ini=l. 2, .. nicalegoricaliand & ink= 1,2, .pinevery ordinnl logistic regression
i the smme | 1E], Escimation of esch parameter obisined themigh fall conditional disaribution in each
parameler are &, F  and A by delermining prioe dastribution in the beginming [19]. The prior distrihstion
usgr] s the combination of conjugse and informative prioo, ns denoted below [20F

W[ PiY < j)=
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v Lawpir( g, ex)
p=p'y sx, & ba T Mowmal(a, B 0 Norewiter) . O Normial (s, el

Bayesian v an abemative metlod & stmate nadel paraometer [21], The avallabiliey ol program
package Tor Boyesian anabyss makes this method mone Aexible o create o modelling onalysi thal is
stoafstically complex [22]. Az the resubs, several limitotions in ciossic modelling, such o= the cofplexicy,
the dssuiaplions that do not suit the reality, aod avoidable simplification, cm be overcome [235. Bayesian
maodelling is based on posterior model that combines past data as prie information and observatim dat as
likglihond fumction 124]. Bayesian wilizes the infoermmation nF:nlp'h: diatn and caloulutes prioe distohiation
[ 2. Postersor distribanion of the data is obtased by combindng initial infZmmion used o prior distribotion
aml the sample information as likelibood Tuscton [25]. The equation of podenor distribution B as follows

126)
ﬂmn-{ri:r-?{{'—g-'r Flalenfim ih

i2i

Fii = Posternioe distzibulion
b= Likelihond function
i =Peiw Disiribubicn
x = Dluta
& = Parsmeter

Sarkow ml.n Hm:{f.:hﬂmr 15 a namerical approach o determine the postenor distnhation
asing comples simulstion method that combines Monte Cado sl Morkox Chain characienstics 1o gain
sample dlita based m specelic sampling scemario [27) Markov chain s a4 stochslic  proces
g‘. 8%, ., 8" that is denoted in the following equation [28] ;

r dl’-“l’t}.m""]=‘r:ﬂtllllﬂlIJ (43
To generale sample from pf (il x) , Markoy Chain sequence shoukd be arranged ander the condition

thai ftf_'l""" LE™) mant be eusy 10 generate snd the sativsary distribution of Markey Chain 5 posterior
distribation pf?) 1) . by following the seps below [29] @

Determaning the mitial valse of 2%

Grenerating sample by teraging B times o resch convengence

Conducfl; hum-in process by eliminating samples K times the firt sample,

Use [@®51_gi#+3 g%} g a sample to obtain posterkr analysis.

Creasg o plot for postenaor distrbution {ssch as mean, medion, ssandard devioton, and aanderd eerorg,
Markov Chain Monte Carlo (MOMOS can use several appmaches, one of which is Gibbs Sampling
method [30]. Cribbs Sampling 15 o vechitigoe 1o generale fndom variable Grom msisginal dsrbution indireety
withoul having o calenlnie the density | 31 ]. This fechnigue is based on convergent armngement of Markov
Chain i sationary discribution, that is psteries disnbution fEI gy [32]. The weps of Gihbs Sampling
alporithm priscess ans [15] ¢

1. Dietermining the mitial viabees of cuch parameter,

(o el el )

Mest, random seqience b prodiced,
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P, from pla o) fT o' ()
Kepeating the seood siep untl convergence s reached.
Tes2 for pemmeter aiws to understand the efeq of predictor varimbhle (o response varishle [34] A tea

that empliys Bayesian l|:||1'r'r.|.u:h 15 0 credlhle inderval fest thot seds a lower mis ad 2.5% and nH;E:rlim'l ni
5% | 24), The decmbon criterion s Ho will be mepecied o the ercdible imerval does nod comain O value,
concluding that the predictior has a significant influence on respome variable. Below are the hypoibeses ised
27

HII

= ff =0 ij* predicior variahle dies not influence response variohie)

H,o= 0 el (* predicior varnblk infleences response variable)

This reseanch uses secomdary datn of medical reeossls of female patiens undergoing Pap cervical canees

tesk al Boesoma Hospital, Tuban, an X300, The varhles are colegorical. This nesearch nses response and
predicior variahles. The response variable is female patients who uniderwent Pap tes@EJhe predicior consists
ol mlie vartabiles. Infrmation sboil response aml pradicior variabkles are elaborated in Table |

LY
- W

Pap 1esn resuln i Y udl, Pap result confirms cancer disgnosks
I Y=l Pap result edicates pre-canoer
=2, Pap result dioes ot delea any camcer
D Agid = 50 yean

2 A (X0 I = Agod = 50 years
O Livw
L Echucation 135 I=High
1 =Tsir
4 Chaldsenh Eaperieneg (X I=Yes
(e Lliing coniraceptves
i Contracepiive Lse | Xq) = Mk st coiirmeoplives
0= lrregular

6 Mensirual Cyele (a0 1= Hegud

O= §0-12 Yoars okl
T Agge of Firsl Menstnmisen i .1 I B3 Ly Yieary odd

(= Mo hisgory ol miscasriags

] FEistory of Miscarmings (X1 1= Having o History of snisscastinpge
= Tha pationd ey il have ancenin
9 Aumemin i Xa) = The patiem has smemko
; O] Prammer
16 Wumbor af Seussl Pariners (X4 == | P

A stfy sbookl mvelve o peoper analyss, The following s p senes of steps o complete the

computational amlysis of Bayessban ondmal bogstic regression's bk funetion:

1.

4

L

Collecting the dats of female patiens wiho usderwent Pap test ol Koesoma Hospital in Taban,
Diescribing the charcteristics of the patbents hased om the shserved warinhles by conducting descrptive
statiatical anolysis that cosisis ol descriptive tabke amd cioss dabul oo,

Adding “sdd-ims™ of ondmol logistic's lionk function i 'WinB135% s 8 poramefer generator for
Baluimiminl distribation,

ap  Install WinB UGS | 4

bi  Install Blackbox Composent Builder

ch  Prepare files containing the the conmecton of new distribution combgnation e winBLUGS




EATERENG J Malh L oo, vl PV R 50 FE. Seatwnter WG i

di  Prepure Unbvarsa Tomplale ods 1o add sew disting o,

& Prepore the r:qll'ru] input in Univarite Templateode o add Dagem distitustion, which consisis
of multimsmial distributeon POF and log-Bkefibood fumction from Dagum distribasen and COF
fraem multisoemial distribation,

1 Formulating the program codes based on the impal in step fe ) ad pot L oo saiable procedore.

g1 Completing program compilmsen and validation,

4, Betermuning the link lanction of onfined logsaic regression model for cervicol camcer prevolence based
om abserved factors by wsing WinBLUGS open-source prigram package. The mean and variance of ihis
madel are determined by exthinating mode] pasimeten (a, w, [B) through MOMC shaialation with Gl
svyrling, ns elabombed in the follovwimg steps:

- Deterrmmng Hkelthomd function

F Determapang the prior distibution of each parameter based on dom infarmmeon. Parameer o
fol hows pamma disaributbom (12017 e parsmeter § follows nomaal distribgion ebinined throagh
prior flat madelling,

= Determimng s inital valos of cach parameter by using 3-steps MOMOC. For the stan. the inital
value :d'puu.mrﬁru’ = 1 wnd parumeier i, =i

5. To peneraie T sample 8% 8%, . 87 from postenios diseribwition p{8]x), T s updated o many as the
regjuired n times with sdequasie thin so thet the Macoy Chain process cam be completed.

. Convergent alyorithm is defined as a condition where algonitm bas reached staiionary simee in link
Tunction of onbina lgistbe fegression model, 17 0 does ool reich stabionanity, then o obeeivatbon
mecds b be added, Seven] ways 10 determine convergenoe anc

a, By booking ot small coror MO valee
b, Ramed om ACF plin, low miocomrelniion value indcsies (st convergence,

7. Obiain & summany of p-ndtrmdil.t-ilﬂhn {mews, madon, sandard devation, MO emor, and
coilhilence :mrﬂrulﬁ:‘i‘-ﬂ i thie Lok Cumctsin of onlinal ogist reeression,

8. Crnease ol inberpret the link fumction of anlinal bagstic regeession nwlel,

A RESULTS AND DISULSSION

The Tormulatien of this model abms o undersiasd which predicton varlable influences dhe resahs of
Fap cervical cancer tesd. the find slep was performing descoiptive analyss to umdersiand the chamolienstics
af Pap patseney in Koesama Hospieal, Tuban, There were 71 patients ohserved, with 30 {42.3% ) of them wene
confirmed o have cervical cancer, 35 (4929 ) were dingoossd with pre-cascer, a6 (835 ) show negative
resulis. Thus. the biggest propoction im Tuban Beponey | patiens wilh pre-cancer diagnisis. The olber
chamscierstics observed are Age (X, ), Educotion (X}, Childhirth Experignce (X, the Use of Contracepives
(Xah, Manstrual Cywcle (X0, Ape of First Menstrition | Xah, History of Miscartioge {X:0, Asemia (X and
MNumber of Sexoal Partners (X0,




" labrvamak; #l @ bhﬂ_hﬁlﬂ'ﬂdﬂiﬂh_

Tahle L. The Charocteristios of Patients from Pap Cervicnl Comcer Test Beaulis

R b Vasdables Fap Test Resiald
Positive  Pre-Uaticier  Migalie

Agt == 50 Yiars Okl 1% 17 1
A Ape =5k Yearolid i K 3

L
[l izstimsn ) # n &
High fi 1 ]
N 4 3 i
Chilifbanh Expensnige . % % &
Mo [k IK L
U ol Contraceplives Yeu . 7 3
Irregudai % 16 i

Menstrual Cyele
ry Eopulir i 1 5
10:12 Yemrs Cild i< 7 1
Ape of First Mepsaraation
po at T 13-4 Yeears Ol ] % 3
Mo n 27 &
History of Miscarings
¥ in # 0
No 1 12 i
AuEiiiia
You 1y L 1
| parine i parener w | 5
Miiisdar of Siviial Pariers

== | Pariners 4 7 I

Table 2 shivws. three citegoriaatoms ol Pap test resulis in Koesoma Hosital; postibve, pre-cances, and
negalive results, with majomty of the patents are below 5 vesrs old, have lower edoucation level (elementury
sl to junbor high school), hove chibdren, and use comeaeeptives. Most of those patients have imegular
merstiil eyele, saperience Tirs mensinaaon (memarched s 18- 00 veas ol do nod have misearringe
cxperence. and hove one parimer, The moganty of them slen have anemia. There are 71 pabests of cervical
cancer in this hospeial, and the majority of them are dingnosed with cancer anid pee-cancer,

L' pen ishimning the descraptive dats ol the patients, we can sec that the maprity of themn wene dingnosed
with cancer and pre-cancer. Pre-camcer resalf suggests that there is @n ahnormal change in cervical cells, while
paositive cancer result midicies abnsrmal malegaant cells m cervical area, The process of casoer infectbon
asanlly vakes p fomg veme, froms 10-30 years [4], To underssand the influencing fagsors of this resul, possibie
Tactors shonald be ohserved, Thes study locuses on Age (X ), Educaton (X ), Chaldbarth Expenience (Xa), Use
of Contraceptives {1, Menstraal Cycle OC), Age of First Mensrmstaon (X0, History ol Mscorriage | %5,
Acernia (X amil NMumber of Sexml] Partmers { Xa) as possible factors. Below s b estimited Bk function ol
ordinal logistic regressinn maode] on Pap cervical cuncer fest:
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Tale 3gYstimated Link Fuanction Parameter of Ordinal Logistic Regression Madel

Pneeter Mo J50% Mades $S9% Description
o3 OGS do054 B0i0d  Seemifeant
g7 AWM DIRE O0774 Sepnilwant
Do12s G0 aooKT M3 Skgnifican
fiesd ALIKE  DDleG  AALHKEd  Skenifeani
MM 0088l Q3329 #5377 Sipmificant
dliEds  AL175R QBT 0935 Nl Segmifiant
ALds (WY DRSS (R Med Skpnificant
Wazel 000kl 00124 (RIS Sipnificant
(il WS G2l BERT N Segmificani
A MG 354AF 32402 Sigmifiount
JzaF  4EIX] 521682 56951 Skpmifkant
(12  O0TET  0.0236 090 Seemificant

M FPETREEERREE

Bimsed on cobculation result using WinBUGS Software, factors | Table 3 are comsadered significant if
P anterval valoes between 2.5% to 97 5% do oot comtarm D, Thus, pol all fsclors an Table 3 are H'guifu.'ml (8]
the oervacal besl resalts in Toban. Thuas, the prodeting faclors are Age (X b, Clikdbarth Expenience (X, Lise
of Commcepti ves (), Mensirunl Cyele (X0, Age of First Menstrustion (4.0, snd Anemin (X5, In te bl
thae mcan colums displays the valies of model parameter, wiilke the oexn throe colemm shisy e estinmd
value of an imterl confelence of 97.5% , The pammeters of alpha |, and plpha 2 are significant i Pap 2=
resulis becnmse the imerval of 2.5% o W7 3% does not contsin &l This shows that there 5 an inexplainghle
depenclency in (b [k funciisn of ordima) egiste egression model. This model s presented besbas

¢(1) =tn| 22 = 35,5464 00031, =0 0027y, + ..+ 00081y,
| 1+2(x)
E
g:zj=m[l::;’J]:jzﬂummm,-|Jm1h=+._+um4u,
e

(il rafio 15 a pustapostdis between indiviclual odds ;m factarpredictor’s (x) condiiion and ihe
factos peediclor (X} in comparison category. The odds ratbos olained from e data are presemed in the
following tnbie:

L Tabile 4, Ckddds Badies
Ressurch Yuriables enpl
Ape 1%, E
Baueation (X4 a7

Ll i Experience {30 o1y
U af Contracephives (340 [ELL]
Mensirual Cycle (X | A6
Ape ol Frst Messnuarson (Xa) EE]
Hisbory of Miwamdace (X UL
Anganin ( Xa) | ok
Mumber of Sevunl Pariner s | (04

Thaee aaids ratios demomstrale (hal women sped above 50 years old Bave | 003 higher risk of getiing
cervical cancer than those below 5 yoars ol 10 alse shows thal women aged below S0 years odd tend 1o have
pre-cancer Uhan nommal condition §segative, Wonsen whio use contraoeptives have 0936 bigeer nak 1o suller
o tw camcer compared e those who do noet, The same interpretmion applies o ol of the vonables,

The results of lnk function of ordinad logiste regression wisth Bayeskn _MOMC method shaosws that
the fuctors influencing the results of PAF cervical concer test in Surabaya ane Age (X1, Childhirth Experience
i Mah, Ulse of Comiraceptives (X, Mensinanl Cycle (Xs). Age of First Mensiruation (Xs), sl Anemia { Xa),
This pesul il fers from tha of 1118 study which spplied Muoximum Likelthood Estimation ond saggesed that
thee prechcting feciers of cervical cencer lest resulls ase the use ol contraceptives, claldlsrbh expenence,
menstrual cycle, and kistory of mscarrioge. Based on o resesech by [4) which uses logsie regresssion, the
prodicting Factrrs foumd in Ambvn are age and mordage Traqueney, Another study was also corried oul by
[35] m Adrika by applying ordinal regréssion wilh maximum likelshood method. The study suppested that the
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significant Eeclors influencing corvical comeer are surgical stage, age, HIY staius, vaginal mavalvemsi, and
mariage stoias, Thus, it con be conclosded that the lagh '|:||1.-|rlI|:||:|: il cervical cancer is epademictegicolly
crucial to be taken mbo account in implementing bealth programs thas focus an regular monigoning thaosgh
seregning nnd early detection asing Pap fest, The link function of codinal lopistic regression maodel b able o
yiehl some mlrmalion heneficial 1o be femune b odissemination sbowl cervical cancer managesment in Tishan
Kegency

4, CONCLUSIONS

1
The link Fumcition of onfinal logistic regression model suggests ibnt the peedicling Faciors of Pap
cervical cancer best nesulls are Age (X1, Cluikleth Esporience (X3, Use of Contraceptives {54, Mensiraal
Cwele (X5, Ape of First Menstroation (06, and Ancmia {XE), The r.l'.|.|:1:|n:|h: walues indicute thnl (here is
an ermor dependency that canmol be explained throagh this model. The link function of ondisal kogisis
regression midel with Bayesin-MOMC methoid i shie o elabirnte amy complexity snd handle Gues-
Muarkow assumgions. violation.
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