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Abstract Breast cancer is a widespread disease that can both be seen at males or
females. According to so many different factors such as age, sex, genetics, the shape
and size of the tumor, environmental situations and so on that effects cancer type
directly. With so many alternative cancer types and thus treatment preference
changes it is vital to make the diagnosis as soon as possible to decide and start the
treatment process. Diagnosis time is dependent on both technological equipment
and also medical personnel. This study aims to support medical personnel, radiolo-
gists, doctors, surgeons, via proposing a multi criteria decision model to find out
which factor is more effective on the breast cancer type. Fuzzy Analytic Hierarchy
process is used to prioritize factors of breast cancer treatment alternatives and re-
sults are compared to another study which already used Analytic Hierarchy Process
but in certain conditions.
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Introduction

Today, cancer is a worldwide disease that is usually uncontrollable. With some type
of treatments, people try to survive against the speed of the abnormal cell reproduc-
tion. At this point, age is a very important criterion as a young body produces ab-
normal/normal cells faster than an old body. With the technological improvement
and development in medicine area, people can cope up with different cancer types
such as pancreatic, breast, prostate, lung and so on. One of the most common cancer
type is breast cancer, which may both seen on males or females. There are also types
of breast cancer, which also differentiate the treatment options. It may start with
drugs or chemotherapy, or an operation than using medicine. It is important to di-
agnose breast cancer at its early stage and decide the way of the surviving process.
For this study two different drug types are considered for HER2+ type of breast
cancer. One of them is Kadcyla and the other one is Lapatinib plus Capecitabine.
Medical personnel are giving a decision for the patient to use which of these drugs
in terms of their own disease’s properties.

According to so many different factors such as age, sex, genetics, the shape and size
of the tumor, environmental situations and so on that effects cancer treatment di-
rectly. With so many alternatives cancer type and thus treatment preference
changes. It is vital to make the diagnosis as soon as possible to decide and start the
treatment process. Diagnosis time is dependent on both technological equipment
and also medical personnel. This study aims to support medical personnel, radiolo-
gists, doctors, surgeons, via proposing a multi criteria decision model (MCDM) to
find out which factor is more effective on the breast cancer type. Fuzzy Analytic
Hierarchy process is used to prioritize factors of breast cancer treatment alternatives
which are mentioned above and results are compared to another study which already
used the Analytic Hierarchy Process but in certain conditions. After the introduction
part, a literature review will cover up MCDM and F-AHP. Then F-AHP will be
detailed in the methodology part and analysis will show the results which belongs
to the selected study. At the end, conclusion and future studies will be mentioned.

Literature Review

Breast Cancer Treatment

First treatment called Trastuzumab approved in 1998, which is a monoclonal anti-
body targeting the extracellular domain of the HER2 protein, used as a combination
of another type of treatment for HER2 positive (HER2+) breast cancer (Slamon et
al., 2001). There are also different types of drugs for HER2+ breast cancer type that
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are being preferred according to the patients’ specific properties. Kadcyla is a com-
bination of Trastuzumab and Emtansine. The main reason to use Kadcyla is the
breast cancermetastatic characteristic. It may spread to the other parts of the body
of the patient. Duty of Trastuzumab is finding cancer cells and Emtansine tries to
destroy the cell because of its toxic structure. This process of the drug minimizes
the damage of healthy cells so this treatment is more preferred than the others to
increase the survival rate of the patients (URL-1).

Another drug combination of Lapatinib and Capecitabine helps to heal HER2+
breast cancer. Lapatinib has a duty to stop the reproduction of the cancer cells. The
material of the drug blocks the receptors of HER2+ cancer cells and it slows down
its growth (URL-2). It may be used as a combination with Capecitabine which is a
regular chemotherapy drug, that is more effective when used together for metastatic
breast cancer (Geyer et al., 2006).

There are very different scenerios, which are already studied at literature based on
breast cancer. Rostami et al., made a literature review of brain metastasis in brain
cancer in 2016. They mentioned about different types of treatments according to
patients’ genetics and the microenvironment of the brain (Rostami et al., 2016).
Wanchai et al. conducted another study, about breast cancer related lymphedema.
This type of disease may treated by combinations of compression therapy, pharma-
cotherapy, modality approaches and therapeutic excercises (Wanchai et al., 2016).
Borin et al., presented a statistical study that shows melatonin decreases the rate of
breast cancer metastasis (Borin et al., 2016).

Fuzzy Analytic Hierarchy Process

Saaty studied the traditional Analytic Hierarchy Process (AHP) for multi criteria
decision making (Saaty, 1980). AHP makes a question as the subjective numbers of
decision makers’ and the environment of uncertainity, however it is easier than the
other decision making methods in terms of mathematical calculations. Fuzzy AHP
is more suitable for fuzziness and uncertainity for conducting a hierarchical rating
(Zyoud, 2016).

Under fuzziness, there are different methods that may be used, while the most
common one is fuzzy AHP (F-AHP). An extend analysis is preferred by using F-
AHP because of its easy steps despite its disadvantages. F-AHP can cope up with
the uncertain environment and it is steadier than the others. Different criteria are
being compared pairly with the help of triangular fuzzy numbers (Kumar et al.,
2017). Methodology part is clearly giving the details of the F-AHP method steps
one by one.



There are different examples from literature that already used F-AHP. At one of
the studies, human capital indicators are ranked by using F-AHP (Bozbura et al.,
2007). Huang et al., preferred using F-AHP to select a governmental R&D project
(Huang et al., 2008). Lee et al. studied F-AHP in Taiwan to evaluate IT departments
of production sector (Lee et al., 2008). An evaluation of hazardous waste transpor-
tation by using F-AHP was another study found in literature (Gumus, 2009). An-
other waste management study is done by Lung Hung, which evaluated municipal
solid waste management with F-AHP (Hung et al., 2007).

Methodology

More complex and realistic problems may have uncertainities. Solving these
kind of situations under uncertainity is sometimes difficult with deterministic mod-
els. Fuzzy sets help to make models that include uncertainities within and thus it is
easier to solve those problems (Kahraman et al., 2003). Uncertainity and fuzziness
are the important factors of Fuzzy Analytic Hierarchy Process. This multi criteria
decision making model is also preferred by decision makers for it natural language
to understand the complex model easily (Kahraman et al., 2003).

There are different management and engineering studies that use F-AHP in lit-
erature that are already mentioned. To understand methodology of this process
Chang introduced triangular fuzzy numbers (Chang, 1996). Membership function
is assigned between 0-1 for fuzzy sets, which can be seen at Figure 1 (Kahraman et
al., 2003).

0.0

m, m, m;
Fig. 1. Triangular fuzzy numbers (Kahraman et al., 2003).

Which is also expressed as the linear presentations interpreting as piecewise
function on left and right sides, M, in (1).
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Equation (2) shows right and left side expression, which are [(y) and r(y) , of
fuzzy numbers of membership degrees (Chan et al., 2008).

M= (M, M) = (my + (my —my)y, mz + (m, — m3)y)
wherey € [0,1] ?2)

Fuzzy AHP procedure is given below (Huang et al., 2008):

- A scale is defined for each criteria related to their relative strength. Each criteria
must assigned according to the relative strength by triangular fuzzy numbers [9].

- Decision makers have to make a pairwise comparison with matrix 4, to con-
struct a fuzzy jugdement matrix which is E (3).
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- Possibilities are calculated such as

M, = (I,,m,,u,) = M; = (l;, m;,u;) can be defined as

V(My = My) = sup,s,[min(uy, (), uy, ()]

Furthermore, we need to compare M, and M, values by

V(M, = M) and V(M, = M,)

Then, d'(4;) = minV(S; = S;)

- Normalized weights are figured out for k = 1,2, ...n; k # i, the weight vector
can be found as W' = (d'(4,),d'(4;), ...d' (4,)T, and the normalized weights,

W = (d(4,),d(4,),..d(4,))7, where W is crisp value.

Model Analysis and Results

In this study, it is aimed to prioritize breast cancer treatment factors by using fuzzy
AHP method. Camgo6z-Akdag et al., studied breast cancer treatment factors’ prior-
itization using AHP (Camgoz-Akdag et al., 2019). Factors are gathered from this
study to compare AHP and F-AHP results in equality. Firstly, the criteria are eval-
uated and explained. Table 1 shows the criteria of the model.

Table 1. Main and subcriteria of the model

Main criteria

Sub-criteria

C1: Patient Related Factors

C2: Tumor Related Factors

C3: Drug Related Factors

Cl11:
C12:
C13:
Cl4:
C1s:
C21:
C22:
C23:
C31:
C32:
C33:
C34:

Age

General Health Condition
Manopause
Preference

Ethnicity

Size

Location

Stage

Therapeutic Index
Structure

Delivery

Adverse Effect Grade




C35: Median Survival Time
C36: Recurrence Probability
C37: Frequent Usage

C38: Maximum Dosage

Figure 2 shows the hierarchical tree for the selection of the breast cancer treatment.
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Fig. 2. A hierarchy for selection of the breast cancer treatment
These criteria are asked to the experts to make pairwise comparisons in terms of
five-point scale. After their relative weighting, F-AHP results are taken. Table 2

shows priorities with respect to treatmen selection.

Table 2. Priorities with respect to treatment selection

Rank Name Weight
3 Patient Related Factors 0.113
1 Tumor Related Factors  0.549
2 Drug Related Factors 0.338

As shown in the table above, according to the Selection of Treatment, Tumor
Related Factors is the first priority. Next priorities are assigned to Drug Related
Factors and Patient Related Factors according to the obtained weights.

Following tables are the results of the analysis of subcriteria prioritization. Table
3 shows the patient related factors’ subcriteria ranking.

Table 3. Priorities with respect to patient related factors’ sub-criteria

Rank Name Weight
2 Age 0.283

1 General health condition  0.446
4 Manopause 0.044

3 Preference 0.227

5 Ethnicity 0

As shown in the table above, according to the Patient Related Factors, General
health condition is the first priority. Next priorities are assigned to Age, Preference,
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Manopause and Ethnicity according to the obtained weights. Table 4 shows the tu-
mor related factors’ subcriteria ranking.

Table 4. Priorities with respect to treatment selection

Rank Name Weight

2 Size 0.049
3 Location 0
1 Stage 0.951

Table 5 shows the drug related factors’ subcriteria ranking.

Table 5. Priorities with respect to drug related factors’ sub-criteria

Rank Name Weight
4 Therapeutic index 0.102

5 Structure 0.08

6 Delivery 0.06

3 Adverse effect grade 0.196

1 Median survival time 0.267
2 Recurrence probability — 0.258

7 Frequent usage 0.034
8 Maximum dosage 0.002

As shown in the table above, according to the Drug Related Factors, Median
survival time is the first priority. Next priorities are assigned to Recurrence proba-
bility, adverse effect grade, Therapeutic index, Structure, Delivery, Frequent usage
and Maximum dosage according to the obtained weights.

Discussion and Conclusion

The results of the F-AHP model of this study is similar to the reference paper. Cma-
goz-Akdag et al., used AHP to prioritize breast cancer treatment selection criteria
and found that the first rank belongs to tumor related factors with a nearly 50 percent
of total. This study inserted fuzziness and uncertaintiy to the model and solved F-
AHP. The results were same but a few point differences. All main and subcriteria
rankings are the same but when numbers are considered, there are slight gaps.

Other multi criteria decision-making models, with more detailed criteria can be
modelled to reach decisions that are more accurate. Because of a healthcare prob-
lem, errors must be eliminated if possible. These kind of technological supports for
medical personnel will decrease diagnosis time, which is very important when con-
sidering a cancer treatment process.
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