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Abstract: Cancer is one of the leading causes of death worldwide. One type of cancer that causes death in
the male population is prostate cancer. This disease occurs only in men because in women they do not have
a prostate appearance. The aim of this study was to compare the accuracy of the model with the predictions
of prostate cancer specialists. Prediction is made based on prostate specific antigen data, age, and patient
prostate volume. The independent variables in this study were prostate specific antigen, age, and prostate
volume. The dependent variable is the risk of prostate cancer using a fuzzy model. The novelty of this study
is that the model has a low, moderate, high, and very high prostate cancer risk level output. In the previous
article only PCR values were produced. The results show that the proposed fuzzy model provides a PCR
value that is within the PCR interval predicted by a specialist doctor can be used properly to help diagnose
and analyze the possibility of prostate cancer and is one of the considerations for doctors to decide whether
or not a biopsy is needed for these patients.

Keyword: fuzzy expert system, prostate specific antigen, age, patient prostate volume, and prostate cancer
risk

1. Introduction

The main cause of death in the world is cancer. Prostate cancer is the second type of cancer worldwide [1]. One type
of cancer that causes death in the male population is prostate cancer. The prostate gland is owned by men not women
so that cancer is only found in men aged between 65 and 75 years [2]. Prostate abnormalities can occur in patients who
have a normal PSA value (<4 ng / mL) and more than normal (> 4 ng / mL), with the age at which the prostate
abnormality is 50-93 years [3]. As the patient ages, prostate cancer will increase [4]. Approximately 31,620 deaths out
of 174,650 prostate cancer cases occurred in the United States based on 2019 data [5]. In 2018 the number of new
cases of prostate cancer in Indonesia reached 11,361 cases, and the death rate from this disease was 5,007 patients
(Globocan, 2018). The risk factors for cancer that should be preventable are closely related to the high number of new
cases of cancer, which is about 40% of cancer deaths [6]. Important modifiable risk factors for cancer are smoking,
being overweight, excessive alcohol consumption, air pollution, and casinogens in the work environment [7].

The development of medical technology helps make medical decisions, especially in predicting the determination of
the type of disease, recognizing the symptoms of the disease, and making decisions for therapeutic actions for a disease
by combining the signs and symptoms of the disease with the history of the disease, physical examination and
laboratory findings [8] [9]. Artificial Intelligence (Al) is a sub-field of computer science which is the process of
designing intelligent computers (hardware / software) that have intelligent behavior that is taken by people who are
considered smar [10]. Soft computing as a computing system that gives space to the obscurity of the real world and
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using the human brain as a model has been applied to develop computational systems for diagnosis and prognosis in
medicine [11]. Soft computing basically consists of artificial neural networks, fuzzy logic and genetic algorithms [12].
The use of fuzzy logic and other Al methods provides positive results to solve various problems in the medical field,
one of which is the application of fuzzy logic to predict prostate cancer which can be used as a decision support tool
in medical diagnosis [13]. The use of soft computing techniques based on fuzzy set theory with fuzzy rules and an
adjusted membership function based on a genetic algorithm can provide good results for predicting prostate cancer
stage based on fuzzy genetic algorithms [8]. The neuro-fuzzy system uses a fuzzy system to represent and process
knowledge in a clear way with easy interpretation and takes advantage of the artificial neural network (ANN) learning
capacity used to classify prostate cancer [14] [15].

This research is a repetition of research [16] who researched at the Department of Urology, Meram Medical Faculty,
Necmettin Erbakan University, Konya, Turkey with the title Application of Soft Sets to Diagnose the Prostate Cancer
Risk, with a sample of 78 patients. Input variables used were prostate specific antigen (PSA), prostate volume (PV)
and patient age, while the output variable was the risk of prostate cancer. As for foreign and domestic research, there
have been studies previously [14] resulted in a predictive accuracy of the neuro-fuzzy system superior to tPSA and%
PSA in increasing specificity and sensitivity. Research [8] shows that the use of soft computing techniques can provide
good results for predicting prostate cancer stage based on fuzzy genetic algorithms. While research [13] produce a
fuzzy expert system (FES) to predict prostate cancer which can be used as a decision support tool in medical diagnosis.
A domestic [3] with the results that prostate abnormalities can occur in patients who have a normal PSA value (<4 ng
/ mL) and more than normal (> 4 ng / mL), with the age of the prostate abnormality being 50-93 year.

The difference between this study and previous research is that this study developed a model with the fuzzy logic of
the mamdani method to classify prostate cancer risk (low, middle, high, and very high) based on PSA, age and PV
data. This study describes the making of a model equipped with the membership function of each fuzzy variable and
all the required fuzzy rules. Model testing uses some patient data at a private hospital in Bandar Lampung.

2. Method

2.1 Research Design
Prostate cancer risk prediction research design can be seen in the following figure.

INPUT PROSES OUTPUT
Fuzzy e ——b_

Figure 1 Research design

2.2 Objects, Variables, Populations and Research Samples

This study used the fuzzy function of the Mamdani method with the object of the study being a male prostate patient.
Independent variables used in the study were prostate specific antigen (PSA), prostate volume (PV) and patient age.
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The dependent variable is the risk of prostate cancer. The data collection method was performed using a database of
prostate patients, with a population of 5 male patients.

2.3 Fuzzy Logic

As one of the building blocks of soft computing, fuzzy set theory was first introduced by Lotfi A. Zadeh in 1965. The
theory of fuzzy sets is the basis of fuzzy logic. Membership value is the main characteristic of fuzzy logic reasoning
[17] Fuzzy logic with a truth level of value between black and white (gray) replaces boolean truth. The representation
of the meaning of black and white can use a crisp set. The elements in the set are defined as a crisp set A. Ifa €A, then
ais 1, and if a € A, then a is 0. The notation A = {(xPx)} indicates that A contains element x with properties P is
correct. P (x) can be said to be true if and only if XA (x) = 1 assuming XA is a function of characteristic A with
properties P [18]. The extended range of characteristic functions in a crisp set becomes the basis for a fuzzy set that
includes real numbers with intervals [0,1]. Membership values are not only at 0 and 1, but also the values that lie
between them [19]. In another sense, the truth value of a statement is not only true (1) or false (0), but there are still
values that lie between true and false. [20].

The application of neuro fuzzy in the health sector has been carried out by several studies including Benecci's [14] ]
research, the development of a neuro-fuzzy system has been carried out to improve the performance of tPSA as a
differentiator for prostate cancer based on serum data, namely a tPSA and% fPSA, and clinical data, namely patient
age. A fuzzy-based system using a 4-tuple record consisting of a blood urea test sample, urea clearance test, creatinine
clearance test and Estimated Filtrate Glomerular rate (¢GFR) was used in developing a predictive model for chronic
kidney disease and failure using MATLAB software [21].

2.4 Metode Mamdani

The fuzzy inference system used in this study uses Mamdani. The mamdani method or the max-min method was first
introduced by Ebrahim Mamdani in 1975. The stages to get the output are: formation of fuzzy sets, application of
implication functions, composition of rules, and affirmation (deffuzy) [17].

2.5 Prostat Cancer

Prostate cancer is the second most common cause of cancer death among men in some industrialized countries. Factors
that cause prostate cancer include family history of cancer, age, ethnic background, and the level of prostate specific
antigen (PSA) in the blood [22]. A very important method of predicting baseline for patients is the PSA level in the
blood [23]. Prostate specific antigen (PSA) is a glycoprotein produced by prostate epithelial cells [24]. PSA production
is increased in men with prostate cancer and more PSA is released into the serum due to disruption of the tissue barrier
between the lumen of the prostate gland and capillaries, which will result in increased PSA levels [25]. PSA is widely
used in diagnosis, post-prostate cancer treatment planning follow-up process. PSA has a specific organ character, not
a disease due to the presence of cancer cells, PSA levels can be increased in all clinical conditions of the prostate [26].
Serum PSA can be used to predict prostate cancer [27]. If the PSA level is high, the prostate volume growth rate (VP)
is faster [28]. VP growth rates averaged 0.7 ml/ year (PSA levels 0.2-1.3 ng / dl), 2.1 ml/ year (PSA levels 1.4-3.2 ng
/ dl), 3, 3 ml / year (PSA level 3.3-9.9 ng / dl) [29]. Apart from PSA levels, age and body mass index (IBM) were
significant predictive factors for PV. The rate of change in PV according to age was 0.68 ml / year (age 40s), 0.84 ml
/ year (age 50s), 1.09 ml/ year (age 60s), and 0.50 ml/ year (age> 70 years) [30].

3. Evaluation
3.1 Variables

This fuzzy model for prostate cancer diagnosis is used to determine the percentage of Prostate Cancer Risk (PCR)
based on PSA, age, and PV data. This system has limitations, namely the system design is made with fuzzy reasoning
using the Mamdani method (system input and output in the form of fuzzy sets), input variables (PSA, Age, and PV)
and output variables (PCR), separate arrangements for specific policies in outside the variables used, and making rules
in the knowledge base based on the views of experts related to this field. The designed fuzzy model is shown in the
following Tables 1 and Figure 2.
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Table 1. Fuzzy variables

/0 Variabel Domain
Prostate Specific Antigen/PSA (ng/ml) [0, 9]

Input | Age (tahun) [0, 100]
Prostate Volume/PV (ml) [0, 50]
Output | Prostate Cancer Risk/PCR [0, 3]

PsA

; : ; INFERENCE for PROSTATE CANCER RISK

(mameani]

Age

1

Figure 2. Input and output variables

The fuzzy set used for each variable for the fuzzy input set and the fuzzy output set is in Table 2 and
Figures 3-5.

Table 2. Fuzzy input set

Fuzzy Variables Fuzzy Sets Domain
PSA Very Low VL [0, 1.26]
Low L [1.0,2]
Middle M [1.9, 3]
High H [2.9, 9]
Age Middle Age MA [0, 51]
Elderly E [50, 60]
old 0O [60, 69]
Very Old VO [70, 79]
PV Small S [0, 21]
Middle M [20, 25]
Big B [24, 30]
Very Big VB [29, 50]
Variabel Model
PSA = e
The triangular membership B3] T -
function is used to represent the
PSA variable in the Very Low,
Low, Middle, and High fuzzy &
sets, while the trapezoidal EEES e
membership function is used for e s =
the Very High fuzzy set. ::. " v . —
Ceryhmee ro [t o ||
[ |

Figure 3. Representation of the membership function for the PSA variable
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Figure 4. Representation of the membership function for the AGE variable

PV

The triangular membership
function is used to represent the
PV variable in Middle and Big
fuzzy sets, while the trapezoidal
membership function is used for
Small and Very Big fuzzy sets.
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Figure 5. Representation of the membership function for the PV variable

The output model for displaying the analysis results using fuzzy mamdani is adjusted to the following

rules.

Table 3. Fuzzy output set (Cancer.Net Editorial Board, 2019)

Fuzzy Variables Fuzzy Sets Domain
Low VL [0, 0.85]
Middle M [0.67, 1.5]
PCR High H [1.4,2.25]
Very High VH [2,3]

The output model is presented in Figure 6.
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Figure 6. Representation of the membership function for the PCR variable

3.2 Fuzzy Rule

The ability to make decisions from a fuzzy system is contained in a set of rules. In general, these rules are intuitive and
in the form of qualitative statements written in the form of if then, so that they are easy to understand. The rules of the
fuzzy system for prostate cancer diagnosis are derived from intuition, the views of experts in the field of internal
medicine, especially those dealing with prostate cancer and based on literature. Based on the combination of the
existing input variables, 64 rules can be formed. For example, the following rules can be written.

Rule 1 : IF PSA = Very Low AND age = Middle Age AND PV = Small
THEN PCR = Middle

Rule 33 : IF PSA = Low AND age = Old AND PV = Big

THEN PCR = High

3.3 Fuzzy System Inference

The set operation used in the fuzzy system for prostate cancer diagnosis is AND (minimum method) the use of
the minimum method in the fuzzy system for prostate cancer diagnosis can be defined pPSA ageMPV = (uPSA
Npage NpPV) = (LPSA page ,, min pPV). The minimum method used for Rule 1 and Rule 33 can be written as
follows.

ol = uVL(PSA) A uMA(age) A uS(PV) = min(uVL(PSA), uMA(age), uS(PV))

a33 = pL(PSA) A pO(age) A uB(PV) = min(uL(PSA), uO(age), uB(PV))

4. Results and Discussion

The study used patient data which is presented in Table 4.
Table 4 Test problem

Patiens PSA (ng/ml) Usia (year) PV (ml)
1 9 71 41.0
2 7 63 37.7
3 4.7 52 26.3
4 2.9 47 36.0
5 3.4 55 47.2

Model testing uses 3 variables from 5 patient data. The first data was a patient whose PSA level = 9 ng / ml, was 71
years old with PV =41.0. Based on the analysis results obtained fuzzy value = 0.41 so that the classification of the risk
of prostate cancer is low. Prostate cancer risk calculation as shown in Figures 7 and 8.
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Figure 7. Image low PCR rules viewer

The results of the analysis of the third patient who had PSA levels =2.9 ng / ml, aged 47 years with PV = 36.0 obtained
a fuzzy value = 2.53 so that the classification of the risk of prostate cancer is classified as Very High..

PSA= 29 Age =47 PV=36 PCR= 251
1 ] L
2 rm— 3
3 [ — T =
g [—— 3 -
-]
T T
s
10
11 I
12 >
13
14
15 1 Fa L
16 L Z Fa o
:g == -
;g P T
3 — -
2
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2
26
27 5 T e
28 C ] . ] ] L " ]
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Figure 8. Image of PCR Very High rules viewer

The test results of the five data are presented in Table 5.
Table 5 Test Results

No Variables Value of FES PCR Expert Result
PSA Age PV Fuzzy Judgement PCR

1 9 71 41 0.41 Low Risk Low Risk Correct

2 7 63 37.7 0.4 Low Risk Low Risk Correct

3 4.7 52 26.3 0.407 Low Risk Low Risk Correct

4 2.9 47 36.0 2.53 Very High Risk ~ Very High Risk Correct

5 34 55 472 0.397 Low Risk Low Risk Correct
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The results of testing the data on 5 patients showed that the model developed was in accordance with the opinion of a
urologist in the prostate field.

5. Conclusion

The results showed that the proposed fuzzy model could be used properly by specialist doctors to help diagnose and
analyze the possibility of prostate cancer. The results of the calculation provide a PCR value that is within the PCR
interval predicted by a specialist, which can be one of the considerations for doctors to make a decision whether or not
a prostate biopsy is needed for this patient. Henceforth, in order to obtain a more optimal level of accuracy, it is
necessary to test the model using more data and adding rule-based knowledge.
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