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The Analytic Hierarchic Process: A Model to Evaluate the
Risk of Getting Cancer

Daniela Qendraj (Halidini)!, Markela Muca?

: Department of Mathematics, Faculty of Information Technology, University
“Aleksandér Moisiu” Durrés, Albania.

? Department of Mathematics, Faculty of Natural Sciences, UT, Albania.
daniela gendraj@hotmail.com', markela.moutsa@yahoo.com?

Abstract. The aim of this study is to classify the risk factors of being with a type of cancer by
applying the AHP (analytic hierarchy process) scale. The Saaty’s analytic hierarchy process is
applied for computing weights for the factors, is a modeling for classification. A case study of QSUT
Tirana hospital data base is presented to rank four cancer types. By the data collect from the hospital
during the years 2011-2015, the results show that lung cancer is mostly spread in humans, and the
prostate cancer is lower spread in humans.

Keywords: AHP process, local weights, IC, cancer types.

1. Introduction

Now days the most discussions are focused in developing of science in cancer disease. Despite of the
long searches, the factors of causing cancer are several and not fixed. Science has concluded that the
number of factors that causes cancer depends on the type of cancer. For example nasal carcinoma is
caused by smoking, working under poor ventilation, herbal drugs, nasal balms [6]. The most factors
leading to cancer are the chemical exposure, family history, alcohol. So, there are no clear evidences
to provide specific risk factor to cancer. To classify the factors in cancer disease we have the model
of Multiple Criteria Decision Making that is analytic hierarchy process (AHP). The AHP provides a
structured problem, to evaluate alternative solutions, and is presented firstly by Thomas Saaty in
1971-1975 [1]. It is used to derive ratio scales from both discrete and continuous paired comparisons.
In the discrete case these comparisons leads to dominance matrices and in the continuous case to
kernels of Fredholm operators, for which ratio scales are derived in the form of principal
eigenvectors.

2. Analytic Hierarchy Process (AHP)

The analytic hierarchy process is a tool in multi-criteria decision making which compose the factors
in a hierarchic problem structure. The applications are in different research areas especially in the
government, health [6], business [7], industry, building and education [4].

At first of the AHP procedures, is the aim of the problem, represented by the decision maker. It
considers the first level of the hierarchy, second level are the multiple criteria, the last level are
alternatives. The general steps of the AHP model are as follow:

1. Construct a hierarchy structure for the problem.
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Table 1 Saaty fundamental scale

Preference for pair-wise Preference
comparison number
Equally important

1
Moderately more important 3
Strongly more important 5
Very strong more important 7
Extremely more important 9

2

Intermediate value ,4,6,8

2. Rating the importance of the factors using the pair-wise comparison. We write the matrix
A to compare each criterion to the others.

1 olo, .. olo,
Nk /o, 1 e 0, @,
oo olo .. 1

Find the eigenvector by normalized the pair-wise comparisons. We denote with vector S the sum
of the columns of the matrix and Divide each entry by the total of the column. Divide the total of row
by the total of number of row. Rate each factor relative to the others, base of degree of risk, for each
selected factor. So, doing the pair-wise comparison of the choices.

max

Normalize the pair-wise comparisons. Calculate index of consistence 1C = where

n —
A ax 18 the eigenvalue calculated for all matrix of NXN dimensions, /1max = Z @, S; | siare

m;

i=1,4
the sums of each columns of the matrix by i.
Table 2 The IC and A" max limited values for all nxn matrix
n 1 2 3 4 5 6 7 8 9 10
IC - - 058 09 1.12 124 132 141 145 149
Fh - - 3.11 427 544 662 779 889 101 113

1. Combined step 2 and 4 to obtain a relative rating for each choice.

3. Real data. Analytic Hierarchic Process.
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This study is focused in the data base of Tirana Hospital, to evaluate the risk of getting cancer based
on these factors that are smoke, alcohol, obesity, family history. The data base is obtained during the
years 2010-2015, the mostly types of cancer are: throat cancer, lung cancer, breast cancer and prostate
cancer. We will construct the hierarchical structure, where the decision maker is considered cancer
risk, as the first level of the structure. In the second level are the factors as: smoke, alcohol, obesity,
family history. In the third level are cancer types as: throat, lung, breast, prostate. The hierarchical
structure is shown on Figure 1.

Level 1

[ Cancer Risk ‘

Level 2 ¢ N (7 Famity ™
A History

Level 3

! i Prostate |

Fig 1. The hierarchical structure of this data set

Table 4. Comparison matrix of the factors in the 2" level

Famil
Risk factors Smoke  Alcohol Obesity h:;ltl:)lrif
Smoke 1 2 4 5 1 2 4 5
Alcohol 1/2 1 2 6
Obesity 1/4 172 1 4 A(factors) = V1 16
Family history 1/5 1/6 1/4 1 /4172 1 4
Column sum(  1.95 3.66 7.25 16
s) 1/5 1/6 1/4 1

This sample of data has an information for n=150 patients. It contains four factors per person. We
have done a questionnaire to the doctors of this hospital in order to construct the pair-wise matrix,
based on the odds ratio of these main factors. Table 4, shows the risk factors pair-wise comparisons,
for the second level of the hierarchy.

Firstly, we calculate the eigenvalue ﬂ,max for this matrix, and the vector of relative weights as
follow:

w, = 41.2.4.5=25 a)2:41.1-2-6:1.56

2
0)3:4i.%-1-420.84 0)4:4§.é.1,420.3 Za)l :5'2
i=1.4

The normalized vector is:

w=[ 22 156 084 031 _ (48 0.3,0.16,0.06)
52752752752

)]
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We denote with vector § = (1 .95,3.6,7.25,1 6) the sum of the columns of the matrix.

A = D @, -5, =0.48-1.95+0.3-3.6+0.16-7.25+0.06- 16 = 4.1 -

i=1,4

The matrix is consistent because the eigen-value:

A =41<2, =4270.

Now, we have to construct, for the third level, the pair-wise comparisons for each type of cancer
depending on the factors selected. Next we have to find for each table the eigenvector and then rank

the results by Table 5, Table 6, Table 7, and Table 8.

Table 5 Comparison of the cancer types related to smoke factor.

Smoke factor Lung Breast Throat
Lung 1 /5 1/9
Prostate 1/3 3 1/3
Breast 5 1 3
Throat 9 1/3 1
Column sum 15.33 7.33 4.53 4.44
Table 6 Comparison of the cancer types related to alcohol factor.
Alcohol factor Lung Prostate Breast Throat
Lung 1 3 7 9
Prostate 1/3 1 5 7
Breast 1/7 1/5 1 3
Throat 1/9 177 1/3 1
Column sum 1.58 4.34 13.33 20

Table 7 Comparison of the cancer types related to obesity factor.

Obesity factor Lung Prostate Breast Throat
Lung 1 3 1/4 2
Prostate 1/3 1 1/7 2
Breast 4 7 1 6
Throat 1/2 Y 1/6 1
Column sum 5.83 11.5 1.4 11

Table 8 Comparison of the cancer types related to family history factor.
Family history Lung Prostate Breast Throat

factor
Lung 1 4 6 7
Prostate 1/4 1 3 4
Breast 1/6 1/3 1 2
Throat 1/7 Ya 1/2 1
Column sum 1.55 5.58 10.5 14

Table 9 Local weights for every table above.
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Amax @(VECHON)
Tab5  3.96 a)(lung):(o,n,o_lé, 0.33,0.38)
Tab6 426 g prostate)-(0.58,0.29,0.085, 0.04)
Tab7 38 g(breast) =(0.19, 0.096, 0.63, 0.078)
Tab8 39 gy(throat) =(0.61, 0.22, 0.09, 0.06)
Tab4 41 g factor)=0.48,03,0.16,0.06)

wlun wpros wbre wthro @ factor result

Ranking
0.11 0.58 0.19 0.61 0.48 0.286 1
0.16 0.29 0.096 0.22 0.3 ~10.185 4
0.33 0.085 0.63 0.09 10.16 0.280 2
0.38 0.04 0.078 0.06 0.06 0.207 3

This gives a final priority of 0.285 for lung cancer, 0.185 for prostate cancer, 0.280 for breast cancer
and 0.207 for throat cancer.

Conclusion

We have classified the cancer types, by the factors included in level 2, using the pair-wise comparison
method of AHP. The AHP methodology applied to the data collected from Tirana Hospital, shows
that lung cancer is mostly spread in humans with the highest risk, and prostate cancer is the least
spread in humans, with the smallest risk. The model chosen is a method for helping the decision
maker to the problem that has a limited number of choices, with a limited number of factors at each
choice.
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