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Abstract—The article presents an algorithm for creating an
intelligent physician decision support system regarding the
initial treatment selection for hepatocellular carcinoma
(HCC), which is the 5th-6th most common cancer. HCC is
determined by a large number of parameters, and according
to the values they can receive, resection, transplantation,
ablation, embolization, systemic treatment, symptomatic
treatments are selected according to the staged classical
approach to the HCC treatment based on the clinical situations
that arise. The large number, complexity, quantitative and
qualitative character of the input parameters symbolizes the
choice of treatment for HCC as a difficult formalized issue and
makes the development of an intelligent system for its solution
relevant. In this regard, this article solves the issue of
integrating the doctors’ knowledge collected in a
multidisciplinary consultation into the knowledge base of the
intelligent system for the individual choice of treatment for
HCC, and develops the working principle and implementation
algorithm of the system’s architectural components.

Keywords—hepatocellular carcinoma; treatment selection;
intelligent physician decision support system; descriptive model
of knowledge.

INTRODUCTION

Among the most widespread malignant liver tumors,
HCC is one of the main causes of cancer-related death in the
world [1]. HCC is rated 5-6th in terms of incidence among
cancers. HCC is diagnosed in about one million people
worldwide every year [2]. HCC, the most widespread
among malignant liver tumors, reveals in various clinical
conditions and is often mistaken for hepatitis and cirrhosis
[3]. The main diagnostic sign of HCC is contrast retention
in the arterial phase and contrast washout in the venous
phase. It is most common in people aged 60-70 and mainly
in males (2.5 times more often than in females). In some risk
countries (Far East, Africa), it is more often observed in
people aged 30-40. HCC is a progressive and irreversible
process and, if not treated, causes complications and
lethality within a few months. The following methods are
used in the treatment of HCC [4-6]:

e Surgical  treatments -
transplantation;

liver resection and
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e | oco-regional treatments — ablations (thermal, electro
and chemical destructions), intraarterial embolization
(chemoembolization, radioembolization),
radiotherapy, arterial infusions;

e Systemic anticancer treatments
immunotherapy, cytotoxic chemotherapy);

e Symptomatic treatments.

Liver resection, transplantation and ablations of small
tumors are considered radical treatments of HCC. Loco-
regional and systemic methods aim to reduce tumor
progression and aggressiveness. Indications for liver
resection in HCC are as follows:

(targeted,

e Tumor is resectable — according to its bio-behavior, it
is suitable for surgery, there is no metastasis or it can
be removed, the tumor can be completely removed and
the blood supply of the remaining liver is preserved,
there is no invasion of large vessels and surrounding
organs;

e The liver is resectable — it has sufficient reserves (no
or minimal parenchymal disease and dysfunction —
Child A, MELD<9, ISG<35, Elastography<12), there
is no portal hypertension, the remaining liver volume
is sufficient (more than 30% in normal liver, more than
50% in cirrhosis);

comorbidities and

eThe patient is operable
performance allow surgery.

The indications for liver transplantation in HCC are as
follows:

e The tumor is transplantable — the tumor can be
removed, the tumor has a favorable bio-behavior (low
aggressiveness): its size is less than 5 cm, its number
is less than 3, there is no invasion or metastasis to large
vessels, lymph nodes, or surrounding organs, AFP (a-
fetoprotein is a primary liver cancer marker) level is
below 200-400.

e Transplantation is possible — there is a donor organ,
there are no contraindications to immunosuppression
and pulmonary hypertension.

e The patient is operable — concomitant diseases and
performance allow surgery and immunosuppression.
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In the presence of contraindications to surgery, that is,
signs of unresectable, non-transplantable, and inoperability,
resection and  transplantation  are  considered
contraindicated. In general, the classical approach to the
treatment of HCC takes into account the stage of the disease,
the tumor’s bio-behavior, the liver’s condition, the patient’s
general status, and the effectiveness of the method [7-9].

The first choice in treatment is radical methods
(resection, transplantation), the second choice s
locoregional treatments (ablation, embolization), the third
choice is systemic anticancer therapies, and the last choice
is symptomatic treatment. For the general approach
algorithm, international classifications (clinical, NCCN
Barcelona, Milan, Malatya, etc.) are recommended, and for
the individual treatment selection, discussion in a
multidisciplinary council is suggested. The above shows
that a large number of parameters refers to in the treatment
selection of HCC, which is represented by various clinical
symptoms. According to the clinical situations arising from
the various combinations of values that these parameters
can take, one of the above treatment methods is selected in
the multidisciplinary council for stage-based treatment
selection.

The large number, complexity, hierarchy, and both

integration of artificial neural networks and fuzzy logic to
detect liver diseases, [17] applies the integration of artificial
neural networks and fuzzy logic to increase the accuracy of
liver disease classification, and [18] uses the integration of
artificial neural networks and fuzzy logic to evaluate the
accuracy of hepatitis prognosis in addition to the
classification of liver diseases. In [19], the integration of
artificial neural networks and genetic algorithms is
performed to detect liver diseases and stabilize liver fibrosis
in chronic hepatitis. In [20], the integration of fuzzy logic
and genetic algorithms is used to detect liver diseases, and
in [21], the integration of artificial neural networks and
genetic algorithms is used to make decisions about liver

' transplantation. In [22], the possibilities of using machine

learning methods for predicting HCC are studied, and the
results of the research conducted to select the most effective
method are presented. Apparently, these studies generally
examined the possibilities of solving various problems with

the application of intelligent technologies in liver diseases.

The solution of the problem of building intelligent systems
based on the knowledge of medical specialists for the
diagnosis and selection of treatment methods for HCC, the
most widespread among malignant liver tumors, was not
considered. In [23-25], it is substantiated that the parameters
used for the diagnosis of HCC are multifactorial, manifest

quantitative and qualitative nature of the referred themselves with weak and atypical symptoms, information
parameters justify the fact that the issue of HCC treatment is incomplete and inaccurate, and the decision-making
selection is realized in an uncertain environment, and process takes place in terms of uncertainty. In [23], fuzzy
necessitates the development of an intelligent system based rule-based conceptual model of a system based on the
on the knowledge of medical specialists. decision tree approach for the diagnosis of HCC, namely,
. . the production and logical model of fuzzy logic and

The creation of such a system requires the development knowledge description, is given, and in [24], the

of its architectural and technological principles, the yechanisms for transforming knowledge obtained from
integration of knowledge received from medical specialists meqjcal experts into rules based on the production model
into the system, and the algorithm for implementing the f,; the determination of HCC stages, and the formation of
system. The presented article is devoted to solving these 0 knowledge base of the diagnostic system are developed.
problems. The logical continuation of these studies is the development
of the functioning principles of an expert system for the

REVIEW OF RELATED WORKS diagnosis of HCC [25].

Although today, with the application of information .
technologies and artificial intelligence methods, a  The purpose of the present work is to develop a

traditional methodology has been developed for building Methodology for creating an intelligent physician decision
medical decision support systems in various fields of SUPPOrtsystem using aclassical stage-based approach in the
medicine [10], there are no instrumental tools in the Selection of HCC treatment.

literature for medical decision support to select treatment RESULT
for HCC. [11] presents the functioning principles of a

medical decision support system for the diagnosis of liver ~ To achieve the goal set, it is intended to solve the issues
diseases in a local environment. The system includes a of developing and practical implementation of an intelligent
knowledge base consisting of 28 rules generated based on support system for the selection of treatment for HCC, that
the expert physician’s knowledge in the diagnosis of liver is, the classification of all possible clinical situations of
diseases, a conclusion block, and an interface block. HCC into resection, transplantation, ablation, embolization,
Although the automation of the diagnostic decision-making systemic and symptomatic treatment.

process related to liver disease is solved in this system, the
system doesn’t support the decision-making process related
to specific diseases such as hepatitis, obesity, cirrhosis, and
HCC. [12] describes a complex approach based on principal
component analysis and K-nearest neighbors methods in the
creation of a liver disease diagnostic system. [13] develops
models based on artificial neural networks for the detection
of hepatitis disease.

The intelligent support system for the selection of HCC
treatment consists of a database (DB), a knowledge base
(KB), inference engine (IE) and an interface block that
provides mutual communication between the user and the
system. The intended goal is possible to be achieved, when
these components interact in a single system. Thus, the
solution to the problem is implemented in the following
sequence.

[14] develops a semi-automatic segmentation method
for liver tumors, [15] uses fuzzy logic to solve the
classification of hepatobiliary diseases. [16] performs the
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Building a database of an intelligent support system for the input data tabular display formation module (DDFM)
selection of HCC treatment according to the selected treatment method.

The knowledge of the medical specialists of the First  Based on the current input data, i.e., examination data, a
Surgical Diseases Clinic of the Azerbaijan Medical new fact is formed in EDPM, and when the fact is checked
University and the classical approach to decision-making for compliance with the antecedent (condition) part of the
are used as a source of knowledge for building an intelligent ryles in KB and the compliance is confirmed, the rule is
support system for the selection of HCC treatment. activated in RFM. Obtaining the scheme corresponding to
the activated rule and transferring the result part of the rule
to the interface block is performed by SFM, and transferring
the values obtained by the examination data entered into the
system to the interface block in the form of a table is
performed by DDFM.

In the treatment selection of HCC, 44 parameters are
referred to, the names of some of which, the values they can
take and the conventional designations are presented in
Table 1. In the treatment selection of HCC, a database
(working memory) of the intelligent system is generated to

store the examination data and their current values.
TABLE 1. EXAMINATION DATA, THE VALUES THEY CAN RECEIVE AND

Building a knowledge base of the intelligent support THEIR CONDITIONAL MARKING
system for the selection of HCC treatment N Examination |Mark | Possiblevalues | Makr
Consequently, based on the possible values of 44 0 data ing eﬁaar{‘;”nigon i
examination data, shown in Table 1, the knowledge recievey exafn
(judgments) obtained from expert physicians regarding the inatio
selection of HCC treatment is transformed into rules, which n
are shown below. \?;Lae
Rule 1. IF [(X3=Y31) & (Xe=Ye2) & (X7=Y72) & (X12=Y122) & _ s
(X13=Y132) & (X16=Y162) & (X17=Y172) & (X1=Yo12) & |1 | Sizeof tumor X | Pes
(X22=Y222) & (X23<3) & (X24<l,7) & (Xor=Yor2) & 2. Number of X2 Pcs
(X28=Y282) & (X29=Y292) & (X30=Ya02) & (X31<35) & fumors o Tobe 77 o
(Xs:=(AVB)) & (x3:<9) & ((Xa5= 30) v (x35240) v 3. Location of tumor X3 E:imo o ol o ﬁ;fé yai/
(x37235)) & (X40=Ya00) & (Xa1=Ya12) & (Xa2=Ya22) & gomn " subcapsia ya2/
(x43=(0 V 1 V 2))] Then “Resection is permissible” Y3
Rule 2. IF [(x1<5) & (x2<3) & (Xa=(yarVy)) & (xamysz) | | Segmentel portal | xs | Yeshno 541/
& (X5=Ys2) & (X6=Y62) & (X7=Y72) & (X8=Ys2) & (Xo=Yso2) . =
& (X107Y102) & (X11=Y112) & (X12=Y122) & (X13=Y132) & > rn?/r;z:on of V;:Z Xs | Yesino ysi/
(X14=Y142) & (X15=Y152) & (X16=Y162) & (X17=Y172) & lobe ys2
(X19=200) & (x26<100) & (x31<35) & (X3s=Y3s1) & |6. Portal vein | Xs | Yes/no Ve
(X30=Y302) & (Xa0=Ya02) & (Xa1=Ya12) & (Xa2=Yaz) & :g\gzzlon of both Y62
(X4s=(p v 1 v o)) Then “Transplantation is 7 vain vortal vein | x| Yes/ino iy
permissible” invasion V12
Rule 3. IF [(x1£3) & (x23) & (xs=(ya1Vys)) & (Xa=yaz) |8 | Right  hepatic | x5 | Yes/no Vi
& (Xs=Ys2) & (X6=Y62) & (X7=Y72) & (Xs=Ys2) & (Xo=Yo2) ven |nva5|-0n _ Va2
& (X10=Y102) & (X11=Y112) & (X12=Y122) & (Xas=Y1s0) & |9 | Left hepatic vein |- x| Yes/no yor/
(X21=Y212) & (X22=Y222) & (X24=1.7) & (X28=Y282) & |nYa5|on i Y92
(X29=Y290) & (X35=(AVB)) & (Xa0=Ya00) & (Xer=Yurp) & |10~ | Middle = hepatic | i | Yesino Yior/
(Xas=(0 V 1 V 2))] Then “Ablation” vein nvaston Yoo
11 | Two hepatic | xi1 | Yes/no yi11/
Rule 4. IF [(Xezyez) & (x7=y72) & (x21=y212) & (X22=y222) & veins invasion Vi12
(x23<3) & (x24<1.7) & (X28=Yos2) & (Xoo=Yow2) & [ | ..
(X30=Y302) & ((X33=(AVB)) & (X40=Ya02) & (X41=Ya12) & [33._| Child Xz | AIBIC A/BIC
(X42=Y422) & (X43=(0 V 1 V 2))] Then “Embolization”. |34 | MELD X | PCs
35. | Residual volume X35 Pcs
Rule 5. IF [(X21=Y212) & (X22=Y222) & (X23>3) & (X2a<1.7) & after | éecsection—
(Xo7=Yar2) & (X28=Yos2) & (X20=Y202) & (X30=Y302) & norma
(X33=A) & (X40=Y102) & (X42=Ya22) & (Xa3=(0 V 1 V 2))] 36. Efi:'rdua:res\gt%?ﬁ Xso | Pes
Then “Systemic treatment”. cirrhotic Qc
Forming th(_e logical inference mechanism of the HCC 3. ESZLdualres\;ﬂ%?ﬁ Xar | Pes
diagnostic expert system fatty Qc
The inference engine of the system consists of 4 38. | Donor Xa | Yes/no Yaei/
submodules: examination data processing module (EDPM), _ Y382
result formation module (RFM), scheme formation module | 3% fontr.a'”d'cat'o”s Xs | Yes/no Yo/
(SFM) according to the HCC treatment method (stage), p?essi'g:]mumwp' Y32
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40. | Active infections | xs | Yes/no Yao1/ 1
Y402 ]
41. | Active Xa | Yes/no Yau1/ Begin
malignancies
Ya12
42. | Extrahepatic X2 | Yes/no Vanl 1
organ failure Vazo -
(uncorrectable) Yes Rale 1
43. | Performance Xa3 Pcs
(ECOG) l_\.'n
44. Weakness (minute Xa4 Pcs -
walk distance - m) Rule 2 18
Resection is
Interface block of the intelligent support system for the HCC | permissible l -
treatment selection - - Trausplastation
The interface block is intended to ensure communication Rule 3 B permsble
between the user-physician and the expert system. This
block performs the functions of controlling the screen, \blation 1"“
organizing a dialogue with the expert system, entering ’ Rule &
initial data (examination data values) into the system and
delivering the results to the user. 1
'\'0 . h
System implementation - - Embelization
The intelligent system for the HCC treatment selection e
is developed in the object-oriented programming language -
C#. C# is used to develop a wide range of applications, Systemic 1 e
including  desktop and web applications, mobile frestment Symptomatic treatment
applications, Unity-based games, cloud applications on
Microsoft Azure, and database applications. Figure 1 l
illustrates the block diagram of the treatment selection \
decision-making algorithm in the system. End

After logging into the system, the window illustrated in
figure 2 opens in front of the user-physician. This interface Fig 1. HCC treatment selection decision-making algorithm in the
window consists of a large number of sub-windows, each of intelligent system
which corresponds to the examination data of HCC and the
values they can receive.

Hepatosellular karsinomanm ilkin miialics se¢imi

Each of these windows is active and enables the user- "
physician to enter the current examination data. The current == meses L
values of the examination data are entered into the system ™= By
from the opened interface window and the “Initial result”  pamsransya:
button is pressed. The current values of the examination  smema et essya mvsise Vordur

g

Yoxdur

data entered into the system are recorded in the DB. These s s or veossea imaziyn
data also form the EDPM in the ERM. The latter iS .. st vesmmn immspn
compared with the condition part of the rules in the KB, and
when an overlap occurs, the result (HCC treatment method)
part of that rule is recorded in the ERM of the RFM.

Yoxdur

=

Bsas portal venaya invaziya “Yoxdur

Sag hepatik venaya invaziya Yoxdur

Sol hepatik venaya invaziya Yoxdur

Based on the rule corresponding to the formed result, the o vessa ovaiva
selected treatment method of HCC in the ERM (fOr . pvemsimays
example, “Resection is permittable”) is transferred to the
interface window via the SFM. Then, the table formed in the
DDFM based on the entered data and their values is
transferred to the interface. Consequently, the result on the
selected treatment method of HCC registered in the ERM Fig. 2. Entering the examination data values for the HCC treatment
(“Resection”, “Transplantation”, “Ablation”, selection into the system from the opened interface window
“Embolization”, “Systemic treatment”, “Symptomatic
treatment”) and the entered data and their values are CONCLUSION
presented to the user via the interface block (fig. 3). The intelligent support system for the HCC treatment
selection was developed to support physician decisions. The
system, consisting of architectural components, as a
database, a knowledge base, an inference mechanism and an
interface block, was implemented in the C# programming
language on the Visual Study 2019 platform.

F

Yoxdur

H

Yoxdur

5

Ug hepatik venaya invaziya Yoxdur

‘Yoxdur

I §

ABV.ya invaziya Vz

Limfa dityinfina yayilma Var “Yoxdur

The choice of the treatment method appropriate to the
situation shown in Figure 2 corresponds to the decision
option “Resection”. This decision is made as a result of the
activation of Rule 1 in the KB of the intelligent support
system for the HCC treatment selection.
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IIkin mialice

It

Rezeksiya olar

Toramzlarin say 1 IR

Toramalarin an boyoynnin lgus 25 [Trombosit

Veri Birpayda |QQT

Seqmentar portal venay mvaziya Voxdur [Assit

Bir payin portal venasina invaziva Var Varikoz qanaxma

Flor iki payia portel venasma ivaziye Youdur falopatiy

[Ssas portal venaya imvaziva Vordur [Dekompensasiya

Sa2 bepatik — Var  |Pulmonsr hipertenziya

Sol heparik venaya imvaziva Yoxdur  [ISG (15 daqigalik)

(Orta heparik venaya invaziyn Ve [Child

T hegatik venaya ivaziya Vordur  [MELD

U hepatik venaya invaziya Vosdur [Rezeksiyadan sonra qalan hacm-pormal Qe
[ABV-y2 invaziya Yoxdur [Rezcksivadan sonr qalan hecm-sirrotik Qc
Limé dityintns yayplme Yoxdur [Rezeksiyadan sonr qalan hacm-yazh Qo
[Metastaz-ta2k ixabili Var [Donot

[Metastaz-tak grxabilmaz Yoxdur ryava aks gostariy
Metastaz consayls Yoxdur |Aktiv infeksiyalar

Darscasi Asagr |Aloy badxasssali xasaliklar

AFP il orqan yetmezlivi (korrcksiva olamayan)
Sirroz Yoxdur _[Performans (ECOG)

[Kaskin hepatt Yoxdur _|Zeiftik (6 daqiqalik yerima masafasi - m)
[Kaskin qaraciyar vetmazhyn Yoxdur

Bilirubin 29

Fig. 3. Interface window for delivering the result to the user in the
intelligent system for the HCC treatment selection

During the tests of the intelligent system supporting the
treatment selection of HCC with the involvement of
physician-specialists of the Department of Surgical
Diseases of the Azerbaijan Medical University, it was
confirmed that it was suitable for use as an expert physician
decision support system in a multidisciplinary concilium for
individual treatment selection.
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