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Abstract. This study analyzes samples of intestinal microbiome and metabolites,
from healthy individuals (HE) and patients with adenomas (AD) or colorectal
carcinomas (CRC). A network analysis (NetAn) method was applied to the data, to
identify the metabolites and microbial genera associated with the 3 classes and then
7 classification models were used. The models were initially trained with classic
feature selection vs features resulting from NetAn. The distinction of HE and AD is
successful, while CRC distinction presented lower success.

Keywords. Machine learning, network analysis, metabolomics, microbiome

1. Introduction

The primary aim of this study is to examine the correlations of specific metabolites and
microbes with the occurrence of cancer via NetAn methods, so as to select informative
features for a predictive model. Consequently, predictive models are explored using
machine learning methods. The results obtained with a classic feature selection method
are compared with the features selected by the NetAn method.

2. Methodology

The analysis of microbiome (MI) and metabolomic (ME) data in the present work is
based on the study carried out by Kim et al. [1], which included 102 HE samples, 102
AD samples and 36 CRC samples, normalized and openly available. ME samples include
data for 462 metabolites and MI samples include data for 70 genera. NetAn was
performed with the R package NetCoMi [2], employing Pearson correlation after
normalization and zero-handling. NetAn was applied to each of the 3 classes separately,
and then network comparisons of the classes took place. Based on this process, 30
features were selected for MI and 65 for ME data. The machine learning methodology
used for prediction is based on the work of Topguoglu et al. [3]. The open-source script
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was adjusted as needed and 7 multi-class classification models were applied to the 2
datasets (MI/ME). Initially, the 7 models were applied to the complete dataset and
permutation analysis was used for feature selection. In a second iteration, the 7 models
were applied to the features selected via NetAn, and in a third iteration they were applied
to the subset produced with permutation analysis. All methods were compared to
determine whether the feature selection with NetAn produced better prediction results.

3. Results

The comparisons indicated that by a large majority, the models produced better results
in the analysis of the subsets compared to the complete set of features. The distinction of
HE and AD is successful (average values MI: HE~77%, AD~78% and ME: HE~80%,
AD~81%), but the distinction of CRC presented lower success regardless of the model
used, the dataset or the subset applied. In both the MI and ME datasets, the prediction
using features from NetAn showed better results in distinguishing HE from AD or CRC.
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Figure 1. AUC values of the 7 models for the ME subset with the 30 features from NetAn.

4. Conclusions

The results show that the fewer samples of the carcinoma class had a strong negative
effect on the performance of the models. For a set of samples where the number of
samples will be equal to the other classes, we consider that the features selected with
NetAn may lead to better predictions than a classic feature selection method.
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