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ALGORITHM FOR EARLY DIAGNOSIS OF HEPATOCELLULAR 
CARCINOMA BASED ON GENE PAIR SIMILARITY 

The article presents an algorithm for early diagnosing hepatocellular carcinoma, also 
known as liver cancer. The algorithm determines the similarity of HCC tissues to 
similar CwoHCC non-cancerous tissues by the minimum deviation and maximum 
matching of gene pairs. It identifies the characteristics of optimal gene pairs selected 
based on machine learning methods. 

Hepatocellular carcinoma (HCC), which accounts for about 90% of all liver 
cancer cases, is often diagnosed in the late stages of the disease and therefore caus-
es a high risk of death. Consequently, early diagnosis of HCC is very important in 
the disease prevention and increases the patient’s survival probability. Currently, 
the diagnosis of HCC is based on laboratory studies and computed tomography 
(CT), and X-ray examination. Liver biopsy is estimated to be a good diagnostic op-
tion in the clinical condition when CT and X-ray examination cannot provide accu-
rate identification of HCC [1]. Sometimes, non-cancerous tissues (cirrhotic tissues 
and normal tissues) containing some common molecular features of cancerous tis-
sues are recognized as cancerous tissues. In such cases, gene analysis signatures 
are included among the available diagnostic signatures to eliminate the risk factor. 
Gene analysis signatures have a batch effect and are difficult to determine in clini-
cal conditions. 

The present article the question of determining the similarity of HCC cancer 
tissues with identical CwoHCC non-cancerous tissues for the HCC identification, 
and proposes a machine learning-based solution technique. 

Based on the gene analysis of HCC cancer tissue, for its early diagnosis a so-
lution algorithm in the following stages is proposed. 

1. Gene Expression of HCC tissues. Differentiation of HCC cancerous tis-
sue and similar non-cancerous (CwHCC and NwHCC) tissues according to select-
ed genes is used for early HCC diagnosis. [2] performs the solution to this problem 
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on the basis of 10 genes included in the range of risk factors. The association of 
each gene with cancerous tissue and similar non-cancerous tissue is determined. 

2. Gene Expression profiling. The Gene Expression Omnibus (GEO) and 
The Cancer Genome Atlas (TCGA) databases can be used for a gene expression 
profiling. Initially, a database storing relevant HCC biopsy samples (D1), HCC 
surgical samples (D2), CwoHCC biopsy samples (D3), and CwoHCC surgical 
samples (D4) is generated. To ensure the objectivity of the created model, the sam-
ples of each mentioned type are divided into two data subsets: training data set (80 
% samples from each type) and test data set (20 % samples from each type). 

3. Determination of the Within-Sample Relative Expression Ordering. 
Relative Expression Orderings (REO) technique is used for feature extraction. Ac-
cording to the REO technique, if the gene a has a higher analysis level than the 
gene b (or vice versa) in a given sample, they are analyzed as Ea >Eb (or Ea <Eb). 
If at least 95% of the samples for a gene pair have the same gene pair ordering, 
then that gene is considered to be stable according to the REO technique. 

4. Feature selection with minimum Redundancy Maximum Relevance 
(mRMR) and Incremental feature selection (IFS) methods. Based on the new 
profiles, the mRMR method is applied to rank the HCC cancer and non-cancer 
gene pairs within minimum Redundancy Maximum Relevance conditions. Interac-
tion between genes I is defined as: 
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Here, I(gi, T) denotes the interaction between the gene pair gi and type  
disease T. The following formula is used to determine the relevance by all gene 
pairs: 
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Here Ω represents all given gene pairs, gi – one of given gene pairs, I(gi, gj) – 
interaction between the genes gi and gj. In the next step, optimal gene pairs are se-
lected from the mRMR gene pair in the sample given as a candidate signature, and 
the IFS method is used for this purpose. 

5. Classification of feature. Machine learning methods Logistic Regression 
(LR), Support Vector Machine (SVM), Random Forest (RF)) can be used for fea-
ture classification. 

6. Determination of classification and confusion matrix criteria. Evaluating 
the classifiers’ detection performance is of great importance in machine learning. 
The criteria of precision, recall, false positive rate (FPR), true positive rate (TP), f-
measure and accuracy are used in the evaluation of detection performance. 
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The proposed algorithm was aimed at improving the HCC diagnosis [3]. In 
the further studies, it is planned to perform experiments with the application of the 
SVM, RL, LM classification methods based on the similarity of gene pairs and to 
select the method with better performance according to the performance evalua-
tion. 
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CLASSIFICATION OF PATIENT REVIEWS BASED ON INFORMATION  
IN MEDICAL MEDIA RESOURCES 

The article proposes an approach to the use of information collected in the medical 
social media environment for medical decision-making. Sentiment analysis of the 
information collected in the attitude segments formed in media resources and review 
classification algorithm are presented. 

Currently, a large number of professional medical social communities have 
emerged in the Internet environment. The information collected in this environ-
ment becomes a valuable resource for decision-making in relevant fields, and intel-
ligent technologies are the utmost required tool for achieving successful results in 
this field. 

One of the important points here is the content analysis of the information 
related to the physicians, patient, medical institution, which are media subjects, and 
determining the opinion about media subjects in applications.  

The expansion of medical social media, the activity of medical specialists, 
physicians, patients, and medical clinics on social media has led to the formation of 


