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ABSTRACT: Severe community-acquired pneumonia (CAP) presents substantial clinical challenges, often resulting in 
significant morbidity and mortality. Early detection is vital for effective management and intervention. This article 
investigates the application of bioinformatics and computational biology techniques to develop advanced machine 
learning models for the early identification of severe CAP. We propose a novel framework that combines radiomic 
analysis of chest imaging data with extensive clinical and genomic patient information. By employing sophisticated 
feature extraction methods, we capture intricate patterns within radiological images that correlate with severe 
pneumonia, while integrating demographic, clinical, and laboratory data to enhance predictive performance. Our model 
is rigorously validated through cross-validation techniques, demonstrating improved sensitivity and specificity 
compared to conventional diagnostic approaches. This research underscores the transformative potential of integrating 
bioinformatics and computational biology in the diagnostic process for severe CAP, aiming to facilitate timely 
interventions and ultimately improve patient outcomes through earlier recognition and tailored treatment strategies. 
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I. INTRODUCTION 

 

Severe Community-Acquired Pneumonia (SCAP) is the most dangerous form of CAP, often leading to ICU admission 
and associated with significant morbidity and mortality. Pneumonia severity assessment tools, such as the CURB-65 
and the Pneumonia Severity Index (PSI), are widely used in clinical settings. However, each of these tools has its 
limitations. The current standard for identifying SCAP is derived from the 2007 guidelines of the Infectious Diseases 
Society of America (IDSA) and the American Thoracic Society (ATS). Prompt recognition and aggressive management 
of SCAP is critical but remains a challenge for clinicians. 
 
Radiomics, first introduced by Lambin et al., proposes that medical images hold untapped data beyond what is visible 
to the human eye. This technique extracts large volumes of quantitative features from images to complement qualitative 
assessments by physicians. Radiomic data has been effectively used to train models for specific clinical predictions, 
such as diagnosing breast tumours from chest X-rays and non-invasively predicting the malignancy of lung nodules, 
often with high accuracy. 
 
Compared to deep learning, machine learning-based radiomic feature extraction is more data-efficient, requiring fewer 
samples and offering interpretability. Radiomics-based machine learning models have shown promising results across a 
variety of predictive tasks. For instance, Prinzi et al. used radiomics to extract features from X-ray images and applied 
SVM and random forest classifiers for prognostic prediction, achieving a test set AUC of 0.819. 
 
The goal of this study is to apply multiple machine learning algorithms for radiomics modelling and evaluate their 
performance alongside clinical metrics to enable rapid and precise identification of SCAP cases. Additionally, we aim 
to uncover image features in chest CT scans that are not visually recognizable by humans and to explore the 
relationship between these features and clinical data. 
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II. MATERIALS AND METHODS 

 
Study Population 
Clinical and imaging data were retrospectively collected from patients diagnosed with CAP at the North China 
University of Science and Technology Affiliated Hospital. Inclusion criteria were: (1) CAP diagnosis; (2) CT performed 
upon admission; and (3) lung lesions present on the CT scan. Exclusion criteria were: (1) absence of clinical data; (2) 
no CT performed during admission. A total of 174 patients were analysed: 110 in the non-SCAP group and 64 in the 
SCAP group. Diagnoses were made in accordance with the Guidelines for the Diagnosis and Treatment of Community-
Acquired Pneumonia in Chinese Adults (2016 edition) and the IDSA/ATS guidelines. 
 
CT Image Segmentation 

Medical image segmentation can be manual, semi-automatic, or automatic. Manual segmentation requires radiologists 
to outline regions of interest (ROI), but is time-intensive and can result in loss of lesion contour accuracy. To address 
these challenges, we employed a combination of automatic segmentation, assisted by manual techniques, to accurately 
define ROIs. 
 
The NNU-Net framework, based on U-Net architecture, was utilized for automatic segmentation. This adaptive deep 
learning model is tailored to medical imaging tasks, automatically determining network structures and training 
parameters based on dataset characteristics such as resolution and size NNU -Net also automates key processes like 
data augmentation, learning rate adjustments, and early stopping. 
 

III. FEATURE EXTRACTION 

 
Radiomics Feature Extraction 

To quantify grayscale features from each ROI, we used pyradiomics (v3.0), an open-source tool compliant with the 
Biomarker Standardization Initiative guidelines. Radiomics features were grouped into seven categories: (i) shape-
based features, (ii) first-order statistics, (iii) grey-level dependence matrix, (iv) grey-level size zone matrix, (v) 
neighbouring grey-tone difference matrix, (vi) grey-level run-length matrix, and (vii) grey-level co-occurrence matrix. 
 

Construction of Radiomic Feature Set 

To avoid overfitting and ensure model generalizability, we reduced feature dimensionality through multiple selection 
methods. Pearson's correlation coefficient was first used to eliminate highly redundant features. A threshold of 0.7 was 
set, with values above this indicating strong correlations.  
Further feature selection was performed using model-based methods, including Random Forest, XGBoost, and Lasso 
models. Features were ranked based on their importance scores, and the top 15 were chosen for the radiomic feature 
set. 
 

Clinical Feature Set Construction 

Clinical data from patients were collected, including age, gender, smoking and drinking status, CURB-65 scores, and 
various lab test results (e.g., blood urea nitrogen, PCT, WBC, NEU, LYM, TP, ALB, SCR, ALT, AST, fibrinogen, D-
dimer). We conducted correlation analyses between clinical and imaging features using Pearson’s coefficient and 
visualized the results with heatmaps. Logistic regression (univariate and multivariate) was used to identify clinical 
features significantly associated with SCAP. 
 

Model Establishment and Performance Comparison 

Given the dataset size and feature dimensionality, we employed eight mainstream machine learning algorithms: 
AdaBoost, Logistic Regression, Random Forest, SVM (Radial Kernel), XGBoost, KNN, LightGBM, and Naive Bayes. 
Models were built using the radiomic feature set, clinical feature set, and their combination. A 10-fold cross-validation 
approach was used for model validation, ensuring robust performance evaluation. 
 

Interpretability Analysis 

Machine learning models often operate as "black boxes," leaving their decision-making process opaque to medical 
professionals. Interpretable analysis helps uncover the inner workings of these models, offering insights into important 
classification features.  
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Statistical Analysis 

Univariate analysis was used to describe patient characteristics, and multivariate logistic regression identified 
independent risk factors for SCAP. Statistical significance was set at p < 0.05. Machine learning models were 
developed using Python 3.9.6 and the "sklearn" package, and ROC curves were plotted to calculate AUC values for 
model evaluation. 
 

IV. CONCLUSION 

 

This study highlights the transformative potential of advanced machine learning models for the early identification of 
severe community-acquired pneumonia (CAP), utilizing both radiomic signatures and comprehensive patient data. By 
integrating deep learning methodologies with traditional machine learning frameworks, we have developed a robust 
diagnostic tool that effectively elucidates subtle radiological indicators of severe pneumonia while incorporating critical 
clinical parameters, such as laboratory results and patient demographics. 
 
Future research should focus on expanding the diversity of datasets, refining algorithmic techniques, and validating 
these models in prospective clinical trials. As we advance in the fields of bioinformatics and computational biology, our 
work contributes to the ongoing evolution toward precision medicine in the management of severe CAP, emphasizing 
the need for data-driven strategies in improving clinical decision-making and patient care.  
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