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Abstract

Intestinal infections in common and colorectal cancer in particular are quite widely
spread and affect modern population in a significant manner. Therefore, they have
been objects of intensive scientific research for quite a long time. It is known that the
colorectal cancer’s diagnostics can face some difficulties caused by the uncertainties in
patients’ health status and disease data. The uncertainty, in common, can be classified
as probabilistic or possibilistic (fuzzy). The goal of this chapter is to analyze a fuzzy-
rule-based medical expert system for the colorectal cancer’s diagnostics. In the
modeling, fuzzy inference based on possibility measure and knowledge extraction
based on fuzzy clustering are applied. During the initial stage of the system’s model-
ing, the applied parameters of colorectal cancer were defined by using clinical data.
During the next stage, the soft-computing-based evaluation of the cancer’s factors is
performed. During the third stage, the applied fuzzy inference, based on possibility
measure, is introduced and supported by the examples. The knowledge base of the
modeled system consists of the case data obtained from 100 patients in the course of
3 years by the National Center of Oncology. The effectiveness of the modeled system
was checked on the testing subset of 30 diagnoses, and 22 predictions by the expert
system were defined as correct.

Keywords: colorectal cancer, IF-THEN rules, possibility measure-based inference
system, tumor response, fuzzy logic, fuzzy inference, fuzzy clustering

1. Introduction

Cancer has a long and complicated history: it appeared and was recognized even in
the ancient times. Modern science has carried out some significant amounts of
research on tumors and their treatment. The classic triplet of the disease’s treatments
is surgery, radiation, and chemotherapy, which are constantly supplemented by more
and more advanced methods. Modern oncology has, at its disposal, a wide arsenal of
tools and methods for treating cancer: for saving human life, they help to prevent its
occurrence and development; in hopeless cases, they prevent the maximum extension
and ease the painful symptoms.
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Due to the wide spread of oncological diseases, it is especially important to be able
to detect cancer at the early stage, when it is more possible to completely heal the
patient. Nowadays, cancer is the second leading cause of death in the world, after
cardiovascular diseases. Cancer causes almost one in six deaths worldwide. According
to the World Health Organization, the incidence of cancer in the next 20 years will
increase by 70%. The State Statistical Committee also reports that in Azerbaijan, for
every 100,000 people, there are over 400 patients with a malignant tumor; most of
them are women. The conducted statistical data demonstrate that in our country,
there is an increase in the number of patients diagnosed with cancer. Many experts
believe that in a few years, malignant neoplasms will become the main cause of death
worldwide, leaving cardiovascular diseases far behind. The worst thing is that the
incidence of cancer is growing, but the survival rate is not increasing. In most cases,
this occurs because of the late detection of the disease, as success in recovery strongly
depends on the early diagnosis of asymptomatic cancer. The problem with the grow-
ing number of cancer patients should be solved not only by medicine but also by all
sciences that can help in the fight against this cruel disease. This work is specifically
aimed at helping oncologists in making an accurate diagnosis at early stages and
possibly saving someone’s life.

Nowadays, one of the most spread cancer-related infections is colorectal cancer
(CRC). The statistics of this illness is studied in [1], and it has been found that CRC
should be more investigated among the young generation.

In the other research [2], risk factors that affect development of CRC are analyzed.
In the research, the risk for growth of cancer is defined, but patients’ gender wasn’t
taken into consideration. Thus, a more accurate analysis of colorectal cancer is required.

Information about the illness is discussed in [3–9]. The authors used two
data-driven approaches: logistic regression and neural network. The effectiveness
of logistic regression in the study appeared to be near 66%; the effectiveness of
neural approach was 78%. The study was performed on the data obtained from
403 patients. The results demonstrate superior effectiveness of neural networks
in comparison with logistic regression when applied to cancer diagnostics. In
general, neural networks have several advantages: ability to process vast amounts
of information, fault tolerance, generalization ability, adaptability, and learning. In the
discussed studies and applied methods, crisp statistic information was used; but data
on patients are always rather inaccurate, which enables the applicability of fuzzy data.

There are several research studies on medical expert systems reported in scientific
literature [10–14]. These research studies are based on linguistic information, fuzzy
inference reasoning, and probability-based reasoning. However, these systems’ per-
formance is accompanied by the collateral information loss; thus, these studies possess
some effectiveness limits. From this viewpoint, a possibility-measure-based fuzzy
inference method seems to be more effective [15–19]. This measure-based algorithm is
a kernel of information processing of the software system ESPLAN [20]. Possibility
measure is a fuzzy measure and can partially operate Z number-based information.
Zadeh’s last theory [21] is an extension of fuzzy logic and able to represent different
types of information uncertainties. Processing of information based on possibility
measure might be quite effective in medicine.

The purpose of this study is to design a fuzzy rule-based expert system for diagnosis
of colorectal cancer based on possibility measure and data extracted from Big Data. The
rest of the paper is organized as follows. Section 2 briefly describes fuzzy c-means
algorithm and the possibility-measure-based inference algorithm. Statement of the
problem and its solution are given in Section 3. Finally, Section 4 concludes the paper.
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2. Preliminaries

2.1 Representation of fuzzy if: then rules and possibility-measure-based inference
algorithm

The framework of the knowledge base relies on the fuzzy interpretation of
production rules [20]:

Rk
: IF x1 is ~Ak1 and x2 is ~Ak2 and… and xm is ~Akm THEN

y1 is
~Bk1 and y2 is

~Bk2 and… and ykl is
~Bkl, k ¼ 1,K

(1)

where xi, i ¼ 1,m and yj, j ¼ 1, l are input and output variables, rule antecedents

~Akj and consequents ~Bkj are defined by using fuzzy sets, and k is the number of rules.

Inputs and outputs of the rule are linguistic data.
Main steps of the applied fuzzy-measure-based reasoning algorithm are as follows:

1.Fuzzification: inputs and outputs are defined in a linguistic manner by using
trapezoidal fuzzy numbers.

2.The firing levels of the rules are calculated by using possibility measure (Poss):

If the sign is “ ¼ ” and λk ¼ 1� Poss ~vkj~ajkÞÞ � cf k, then
��

(2)

λjk ¼ 1� Poss ~vkj~ajkÞÞ � cf k:
��

(3)

If the sign is “6¼”, then Poss is determined as

Possð~vj~aÞÞ ¼ max
y

min μ~νð yð Þ, μ~a yð Þð Þ∈ 0, 1½ �, τj ¼ min λjk
� �

: (4)

Here, one of the main elements of logistic inference is demonstration of the object.
Value of each wi object consists of its linguistic value and the confidence degree of

the linguistic value. Together, they constitute a pair, vi, cf i
� �

.

3.For each rule, the following computation is performed

Rj ¼ min jλjk
� �

∗CFj=100 (5)

where CF is the confidence degree of a rule, j is the index of a rule, k is the index
of the relation, and λjk is the truth degree of the kth elementary antecedent.

4.This step is to define the firing level (π) and to check Rj ≥ π . If the condition
holds true, then the consequent part of the rule is calculated.

5.The evaluated wi objects have Si value: wi, v1i , cf
1
i

� �

, :… , … , vSii , cf
Si
i

� �

. Si is the

number of the rules in the fuzzy inference process
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6.Calculation of the resulting value by using the fuzzy average value is performed
as follows

vi ¼

PSi
n¼1v

n
i � cf

n
i

PSi
n¼1cf

n
i

(6)

IF x1 ¼ ~a
j
1 AND x2 ¼ ~a

j
2 AND ... THEN y1 ¼

~b
j

1 AND y2 ¼
~b
j

2 AND ...

IF … THEN Y1 ¼ AVR y1
� �

AND Y2 ¼ AVR y2
� �

AND …

This model has a built-in function, AVRG, which calculates the average value.

2.2 Fuzzy C-means algorithm

Fuzzy C-Means algorithm attempts to minimize the sum of squared errors. The
algorithm is based on the iterative minimization of the following objective function
[22, 23]:

J W,Cð Þ ¼
X

k

j¼1

X

n

i¼1

w
p
i,jdist xi, cj

� �2
(7)

The following condition is satisfied for the sum of degrees of membership of a
given element xi to all clusters:

X

k

j¼1

wi,j ¼ 1 (8)

The following condition is satisfied for the sum of membership degrees of all
elements in each cluster:

0<
X

n

i¼1

wi,j < n (9)

The corresponding cj centroid for a Cj cluster is defined as:

cj ¼

Pn
i¼1w

p
i,jxi

Pn
i¼1w

p
i,j

(10)

The fuzzy partition update formula can be obtained by minimizing the objective
function with the constraint that the sum of the weights equals 1:

wi,j ¼
1=dist xi, cj

� �2
� � 1

p�1

Pk
q¼1 1=dist xi, cq

� �2
� � 1

p�1

(11)

3. Problem description and possible solution

Nowadays, as was previously mentioned, CRC is the second most frequent malig-
nancy in the case of both men and women. The tumor is localized in the rectum, the
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farthest portion of the digestive tract, in around one-third of cases. Patients’ quality of
life is severely impacted by surgical therapy for rectal cancer, which results in dys-
functions that include fecal incontinence, urinary problems, and sexual issues.
Increasing the number of sphincter-preserving surgeries was the primary goal of
rectal cancer treatment for the past 20 years; today, the focus is on organ preservation
strategies.

Neoadjuvant radiotherapy and chemotherapy are used to increase local control and
overall survival in around 75–80% of instances for individuals with rectal cancer,
making their care complicated. However, only 20–30% of patients who receive
neoadjuvant therapy gets a full pathological response; the other 70–80% experiences a
poor or ineffective response. How we can anticipate tumor response in people with
rectal cancer is the key issue right now.

This variance is assumed to be influenced by the tumor’s size, height from the anal
margin, depth of invasion, differentiation and, of course, genetic variables such as the
KRAS and BRAF mutation. The purpose of this work is to create an expert system to
forecast tumor response value following neoadjuvant chemoradiation. A crucial issue
is how to define the predict value of the tumor response following neoadjuvant
chemoradiation. To assess tumor response using pertinent parameters is the funda-
mental problem. Using fuzzy rules, we can calculate the tumor response value. A
compound index made up of five characteristics, each of which is judged by an expert,
makes up the tumor response value following neoadjuvant chemoradiation, abbrevi-
ated as R.

The five components are: V—age, LO—localization of tumors, T—infestation rate,
N—state of lymph nodes, G—mutation in the genes, and R—predict value of tumor
response.

Using the abovementioned parameters, the tumor response value model can be
expressed as a set of 21 rules obtained by using fuzzy C-means algorithm:

1.If Age(V) = about 80 and Localization tumor(LO) = about 2 and Infestation
rate(T) = about 2 and State of lymph nodes(N) = about 1 and Mutation in
the genes(G) = about 0,THEN predict value of tumor response (R) = about 0;

2. If Age(V) = about 40 and Localization tumor(LO) = about 2 and Infestation rate
(T) = about 2 and State of lymph nodes(N) = about 3 and Mutation in the genes
(G) = about 0,THEN predict value of tumor response (R) = about 0;

… … … …

3. If Age(V) = about 20 and Localization tumor(LO) = about 92 and
Infestation rate(T) = about 2 and State of lymph nodes(N) = about 3 and
Mutation in the genes(G) = about 1, THEN predict value of tumor response
(R) = about 100

Our goal is to use five parameters represented by fuzzy linguistic terms to describe
the level of the tumor response value. Values of linguistic terms are given below as
intervals. In addition, they are expressed as fuzzy data in diagrams.

Age (V):
Positive [0–40]
Medium positive [30–50]
Medium negative [40–60]
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Negative [60–100]
Localization of tumors (LO):
Negative [0–5]
Weak negative [3–8]
Medium positive [6–11]
Positive [10–15]
Infestation rate (T):
Early form [0–1]
Localized [1 – 2]
Early locally developed [2 – 3]
Late locally developed [3 – 4]
Metastasized [4–4<]
Status of lymph nodes (N):
Negative [0–2]
Medium Positive [1–4]
Positive [4–20]
Mutation in genes (G):
Negative [0–0.5]
Positive [0.5–1]
TRG (tumor regression grade) (R):
Very bad [0–10]
Bad [10–20]
Sufficient [50–60]
Good [70–80]
Excellent [90–100]
Graphical representation of these linguistic terms is as shown (Figures 1–6):
From the defined linguistic terms, a knowledge base of interpretable rules is

created. For instance:
Rule. If age is about 35 and localization of tumors is middle positive and infestation rate

is middle positive and state of lymph nodes is middle positive and mutation in the genes is
positive,THEN predict value of tumor response is bad.

ESPLAN shell is used for creating an expert system for rectal cancer. Below, the
computer simulation is discussed.

Computer simulation. ESPLAN shell has the following modules: the module that
manages all the procedure of the system; read-in and interpretation of knowledge;
inference; explanation generator; knowledge base and work are service; environment
interface; user interface. ESPLAN shell is realized using Prolog Artificial Intelligence
language. There are functional constructions that Prolog predicates in this system.
This possibility of system gives it a chance for including new functions to the pro-
gram.

Representation objects and linguistic terms by using ESPLAN are given in
Figure 7.

For example: Parameters about 50 are represented as: about K: (D, K,1.1*K,
D) = about 50:(D = 7.5, K = 47.5, 1.1 K = 52.5, D = 7.5).

Given linguistic terms are used in ESPLAN system:
much: (D, F – D, F, 0);
more than a: (D, K + D, F, 0);
about K: (D, K,1.1*K, D);
neutral: (D, M + 2 * D, M + 3*D, D);
less than K: (0, M, K – D, D).
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Figure 1.
Linguistic terms for Predict value of tumor response(R).

Figure 2.
Linguistic terms for Age(V).
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Figure 3.
Linguistic terms for Localization of tumors(LO).

Figure 4.
Linguistic terms for Infestation rate(T).
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Figure 5.
Linguistic terms for State of Lymph nodes(N).

Figure 6.
Linguistic terms for Mutation in genes(G).
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Here, minimum value is M, and the maximum value of the universe is F;
D = (F-M)/5.

Demonstration of the rule is given below (Figure 8):
Fragment of the knowledge translation process is represented in Figure 9, and

Fuzzy inference process is in Figures 10–13.
For instance,
object= “localization of tumors”,

Figure 7.
Values of parameters for tumor response.

Figure 8.
Representation of the rule.
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M = minimum = 0, F = maximum = 15,
linguistic term = “about 5”: About 5 = (D, M + 2*D, M + 3*D, D)
The abovementioned model is created using knowledge representation language

and implemented in ESPLAN shell. Results of the performed test are:
Test 1: If age = about 38 and localization of tumors = about 4 and infestation

rate = about 2 and state of lymph nodes = abou11 and mutation in the genes = about 0,
THEN predict value of tumor response =?

Figure 9.
Knowledge translation process.

Figure 10.
Fuzzy inference process (1).
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Result: predict value of tumor response is from 0 to 2.
The results of tests are shown in Figures 12 and 13.
Test 2: Test 1: If age = middle positive and localization of tumors = weak negative and

infestation rate = middle positive and state of lymph nodes = positive and mutation in the
genes = negative,THEN predict value of tumor response =?

Figure 11.
Fuzzy inference process (2).

Figure 12.
Fuzzy inference result.
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FOR TEST 2. ANSWER:
predict value of tumor response =? very good.
Representation of linguistic terms of tumor response is given in Figure 14.
Knowledge base is realized using possibility measure-based algorithm in ESPLAN.

In this system, fuzzy logic theory is used in demonstration and operation of the
linguistic terms. After fulfilling of the knowledge base of the system by adding values
of several objects (for example, age is about 50), searching the solution in knowledge
base is done by logical inference procedure.

Figure 14.
Linguistic terms of tumor response.

Figure 13.
Fragment of results.
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There is the following opportunity of the ESPLAN shell: creating an expert system
for several applications, relation with applied software package, explanation of the
advices, demonstration of the results, interface with user, and so on.

The advantages of the created expert system are: working with linguistic values;
possibility measure-based reasoning; realization of composition rule of inference,
including knowledge base as dialog; storing knowledge about different areas in the
knowledge base of the system; setting of a confidence degree for any rule (in per-
centage); application of external programs; and data interchange by using a file
system.

4. Conclusion

The data used in this study are from the Database of National Center of Oncology.
Three years of case data of 100 patients are implemented for extracting the
knowledge-based rule using clustering method. Veracity of 30 diagnoses of patients
was checked, and 22 from them were defined as correct. In this chapter, for the
evaluation of value of tumor response, a possibility-measure-based method is used.
The created expert system for rectal cancer was implemented in the ESPLAN. Several
tests were performed, and the outcomes were compared to the actual patient data.

The presentation of the developed system and samples of its use in medicine
demonstrate that it has a wide range of potential capabilities for making decisions
based on fuzzy information under uncertain circumstances. Experimental findings
demonstrate the effectiveness of the proposed intelligent system.

In the future, we are planning to study and compare different types of cancer
illnesses by using soft computing tools-neural network, genetic algorithm, evolution-
ary computing, chaos theory, Zadeh last theory-Z-number theory, and real-life results
for giving help and advice to doctors for decision-making during the treatment pro-
cess. For the future works, the data that have been used in computations will be
gathered from different hospitals and centers of oncology from all over the world by
using internet resources.
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