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Abstract

Imaging examination, as a powerful clinical technique, is essential for the 
early diagnosis, disease evaluation and prognostic assessment of lung diseases. 
As a research hotspot at present, radiomics has become an important part of 
precision medicine and can provide valuable diagnostic, prognostic or predictive 
information through omics analyses. By the integration of data analysis, new 
diagnostic and prognostic biomarkers can be identified in biomedical images. 
This review provides the latest advances in the application of radiomics in the 
diagnosis and treatment of lung diseases in adults and children and explores 
its opportunities and challenges in the precision medicine of lung diseases in 
children.
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Introduction
In February 2015, the National Science and Technology Ministry 

and Health and Family Planning Commission established China's 
precision medical strategy expert group and formulated the "precision 
medical" strategic plan. It has been included in the major science and 
technology projects of the "13th Five-Year Plan" in our country. In 
2016, the Chinese Medical Association took "Precision medicine of 
respiratory diseases" as the theme to discuss the relevant issues of the 
accurate diagnosis and treatment of respiratory diseases for the first 
time. In the era of precision medicine, the development of radiomics 
brings challenges and opportunities for the accurate diagnosis and 
treatment of lung diseases in children.

Radiomics is a new interdisciplinary field and a fusion product 
of large data technology and medical images to aid diagnosis. 
The concept of radiomics was first proposed by the Dutch scholar 
Kumar in 2012 [1]. The emphasis of radiomics is the extraction of 
large amounts of image data information from images (Computed 
Tomography (CT), Magnetic Resonance Imaging (MRI), Positron 
Emission Tomography (PET), etc.) by high-throughput approaches. 
Radiomics can gather information from different sources for deeper 
excavation, prediction and analysis to quantify disease characteristics, 
establish disease models, and identify new diagnostic and prognostic 
biomarkers to assist physicians in making the most accurate diagnosis 
[2,3]. Recently, it has evolved into a method that involves the use 
of imaging, gene, and clinical information for auxiliary diagnosis, 
analysis and prediction.

CT has significant advantages in the study of lung diseases 
due to its high resolution for lung tissue, which lays a dependable 
foundation for providing structural and functional data for further 
study. Radiomics converts medical images into high-dimensional 
data, which are then analysed for decision support [2,4]. Radiomics 
also has great potential for the accurate diagnosis and treatment of 
lung diseases. Accurate diagnosis is a difficult problem in paediatric 
imaging. Therefore, our review provides the latest advancements in 
radiomics application for the diagnosis and treatment of lung diseases 
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in adults and children and explores the opportunities and challenges 
in precision medicine for lung diseases in children.

The Application of Radiomics in Lung 
Tumours

Radiomics has shown independent prognosis and prediction 
capacity in many tumours, especially lung tumours [2] (Figure 1). 
In the early stages of lung tumours, Solitary Pulmonary Nodules 
(SPNs) are common findings in thoracic imaging in most patients. In 
pulmonary nodular diseases, chest CT technology not only provides 
three-dimensional volume data but also shows various morphological 
and texture features. Therefore, it can be used to distinguish infection 
from lung cancer and differentiate benign from malignant SPNs 
[5,6]. In addition, chest CT technology plays a very important role 
in increasing the accuracy of diagnosis, reducing the application 
rate of invasive examination, and assessing the risk of lung cancer 
progression [7-13]. Moreover, Xue et al. found that different densities 
of nodules combined with a radiologic model of fractal dimension 
can distinguish non-invasive adenocarcinoma from invasive 
adenocarcinoma [14]. Interestingly, Yoon et al. found that lung 
cancer with ALK/ROS1/RET fusion gene positivity has certain clinical 
and imaging characteristics [15]. Therefore, it is helpful to identify 
lung adenocarcinoma with different fusion genes. The features of 
quantitative images collected by pre-treatment CT are especially 
efficacious in predicting the shrinkage of tumours and providing 
additional information about the risk level of patients, treatment, and 
prognosis for clinical decision-making [16]. In addition, imaging has 
been used to predict lung cancer gene phenotypes and mutations [17].

The Application of Radiomics in Pneumonia
Because of the differences in pathogenic factors and reactivity of 

organisms, as well as the characteristics of lesions and the scope of 
involvement, infectious pneumonia has become the most common 
form of pulmonary inflammatory disease. Most lung injuries due 
to infection are reversible. However, some lung injuries caused by 
special pathogens or aetiologies, for example, pneumonia caused by 
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Mycoplasma pneumoniae, adenovirus or coronavirus, or aspiration 
pneumonia, can cause chronic lung injury or complicated chronic 
pulmonary diseases, such as pulmonary fibrosis and bronchiolitis 
obliterans, especially in children. Radiomics can extract massive 
information to indicate the internal characteristics of lesions [18]. By 
using computer-assisted texture-based image analysis, quantitative 
assessment of high-resolution CT and disease assessment can be 
realized adequately in general interstitial pneumonia [19]. The 
characteristics of grey first order statistics, run length parameters, 
and co-occurrence matrix features are extracted. The image area of 
the lesion is also divided into normal and multi parameter areas with 
discriminant analysis methods. The accuracy rate of classification for 
the image area of ground-glass opacity lesions was 70.7%.

The main symptom of paraquat poisoning is lung injury. Early 
manifestations are inflammatory reactions, gradual ground-glass 
ground glass density shadows, and interstitial injuries, which 

are difficult to distinguish from pneumonia. Compared with 
simple imaging, the use of clinical data and establishment of a 
comprehensive radiomic model could well predict the damage 
scope and pathological changes in lung lesions and can also reflect 
the comprehensive and real progress of the patient's disease [20]. In 
the latest research progress of Artificial Intelligence (AI) technology, 
the novel coronavirus pneumonia diagnostic system can not only 
achieve pneumonia diagnosis but also further differentiate the 
new coronavirus pneumonia from other types of pneumonia (viral 
pneumonia, bacterial pneumonia, etc.), which takes only a dozen 
seconds. The coincidence rate with the positive result of nucleic acid 
detection of the new coronavirus was more than 95.5% [21] (Figure 
2). In addition, different image group labels can extract different 
image group characteristics, which can be used to identify chronic 
lung injury and pneumonia.

The CT manifestations of invasive mucinous adenocarcinoma 

Figure 1: Radiomics Approach in Lung Tumor. Hyun Jung Yoon, et al. Medicine (Baltimore), 2015.

Figure 2: The application of radiomics in pneumonia. Lin Li, Lixin Qin, Zeguo Xu, et al. Radiology Actions Search in PubMed Search in NLM Catalog Add to Search, 
2020.
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are diverse and are difficult to distinguish from those of bacterial 
pneumonia [22]. Hyun Jung Koo et al. processed the edge and 
texture of the lesion using a computer [23]. Their research indicates 
that the efficiency of differentiation between invasive mucinous 
adenocarcinoma and bacterial pneumonia can be improved by the 
edge analysis of drawing attenuation changes, with a sensitivity 
of 86.7% and a specificity of 67.5%. Moreover, there are potential 
advantages in predicting radiation pneumonitis in lung cancer 
patients by using changes in CT image parameters [24]. Therefore, 
clinical diagnosis based on chest CT radiomics can effectively 
identify cancer and lung infection, which is beneficial to individualize 
treatment for patients.

The Application of Radiomics in Chronic 
Lung Diseases

The incidence rate of chronic diseases of the lung is increasing year 
by year due to the aggravation of air pollution. High-Resolution CT 
(HRCT) has shown advantages in detecting and quantifying various 
chronic lung diseases. To achieve accurate diagnosis and treatment, 
it is necessary to break through the traditional medical image model 
based on morphology and semi quantitative analysis. Exploring the 

progress of CT-based radiomics opens up a new way to achieve the 
accurate diagnosis and treatment of chronic lung diseases. Recently, 
real-time processing of CT scans has been applied to analyse the 
characterization and quantification of lung parenchyma morphology 
by a computational platform named CALIPER (Computer Aided 
Lung Informatics for Pathology Evaluation and Rating) [25,26] 
(Figure 3).

The Application of Radiomics in COPD
Chronic Obstructive Pulmonary Disease (COPD), a common 

disease in respiratory  departments, is associated with persistent 
airflow restriction and requires careful management for prevention 
and treatment. COPD is caused by small airway disease (obstructive 
bronchitis) and lung parenchymal destruction (emphysema). 
However, the proportions of lesions in COPD patients were different 
[27]. Currently, the features of COPD on chest CT have been 
described and measured as direct signs of the destruction of lung 
parenchyma and emphysema, including bronchial wall thickening 
and gas trapping as direct and indirect signs of obstructive airway 
disease [28-30]. Interestingly, some studies on COPD and asthma 
in adults have shown that quantitative CT measurements are 
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Figure 3: The application of radiomics in pneumonia and chronic lung diseases. a. Computer Aided Lung Informatics for Pathology Evaluation and Rating 
(CALIPER). b.The classified parenchymal patterns are represented in the COPD cases and fibrotic cases. c. Image Texture Analysis and mean physiologic 
measures. d. The distribution of the old GOLD category and new GOLD category in the correspondence of fibrotic and obstructive clusters with established indices 
and disease classification. Sushravya Raghunath, Srinivasan Rajagopalan, Ronald A Karwoski, et al. PLoS One. 2014.
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significantly correlated with Pulmonary Function Test (PFT) results 
[31-34].

With the development of quantified CT metrics and radiomics, 
the mathematical model of airway function based on standard 
vital capacity can be used to analyse the existence and severity of 
emphysema in patients with COPD [35]. The volume of pulmonary 
emphysema and air-trapping retention in patients with COPD can 
also be relatively quantified and positioned by using the parameters of 
the low attenuation area in CT scans, which are predetermined by the 
X-ray attenuation threshold in the inhalation and exhalation phases 
[28-36]. The visual manifestations and severity of emphysema, which 
may reflect the severity of small airway disease, are significantly 
correlated with the risk of death [37-40]. Meanwhile, quantitative 
and qualitative studies of lung CT can also distinguish the subtypes of 
emphysema, namely, the lobular central type, lobular whole type, and 
lobular paralobular type [41]. Interestingly, according to the study of 
Occhipinti M et al, a probabilistic model based on Body Mass Index 
(BMI), with Forced Expiratory Volume in 1 second (FEV1), forced 
expiratory volume (in one second)/vital capacity (FEV1/VC) and 
diffusion  capacity  for  carbon  monoxide (DLCO) as the percentage 
of predicted, has been demonstrated to be effective in estimating 
emphysema in quantitative CT. In addition, emphysema can be 
estimated by the standard CT metrics of parenchymal destruction by 
using % LAA−950insp (the relative volume of the attenuation region 
is less than -950 HU at inspiration in the lung) and the percentage 
of persistent low-density area [42]. Moreover, Charbonnier JP et al. 
found that using a quantitative CT model can predict the incidence of 
COPD in smokers with independent predictors of the incidence rate 
of COPD, such as LAA%-950, LAA%-856 (the relative volume of the 
attenuation region is less than –856 HU at inspiration in the lung), 
and Pi10 (wall thickness in the airway with a diameter of 10 mm).
The study of Charbonnier JP et al. also indicated that the parametric 
spectrum of the lung (PRM) is a tool for the classification of the 
quantitative density of COPD [43]. Hence, we could distinguish the 
degree of change in emphysema or airway wall abnormality and the 
phenotypes of the disease by visual evaluation and quantification of 
CT, and it can provide a basis for the personalized treatment of COPD 
by using the measurement of clinical and physiological functions 
combined.

COPDGene® 2019 recommends redefining the diagnosis of 
COPD through a comprehensive approach of environmental 
exposure, clinical symptoms, CT imaging, and spirometry standards. 
These expanded criteria provide the potential to stimulate current 
and future interventions that can slow disease progression in patients 
before irreversible changes in lung structure occur [44]. Cho MH et al. 
showed the relationship between gene and image subtypes in 12031 
patients with COPD, which opened a new field for the differential 
genetics of COPD phenotypes [45].

The Application of Radiomics in Interstitial Lung Diseases
Interstitial Lung Disease (ILD) is a group of diseases with a 

diffuse distribution in two lungs. ILD can be divided into seven 
types according to the causes of the disease, in which Idiopathic 
Pulmonary Fibrosis (IPF) is the most common, accounting for 47%- 
71% of ILD cases [46]. Quantitative analysis of chest CT images can 
identify and quantify pulmonary fibrosis [26,47]. The main imaging 

features of ILD on CT images are ground-glass shadows, honeycomb 
shadows, reticular shadows, consolidation shadows, etc. Pulmonary 
quantitative analysis of CT images can objectively quantify specific 
patterns of ILD changes during treatment in patients with systemic 
sclerosis (SSc)-ILD [48]. The Fleischner Society's recommendation 
for ILD was that continuous CT scanning of disease is a part of the 
composite end point of PFT trends and can lead to an area of future 
research in the multidisciplinary integration of CT and continuous 
PFT [49]. Recently, the white paper recommendations of the 
Fleischner Society described the radiologic patterns of IPF and their 
relationship with the diagnosis of IPF. The imaging patterns (i.e, 
typical interstitial pneumonia (UIP), probable UIP, indeterminate 
for UIP, and non-IPF) of UIP were determined by HRCT, and the 
diagnosis was determined together with clinical pulmonary doctors 
and the committee of histopathologists [50]. With the right clinical 
context, for patients with a clear or possible UIP-HRCT pattern, 
surgical lung biopsy can be abandoned [51]. The severity of tractive 
bronchiectasis and increased cellulitis have been reported as the 
strongest determinants of mortality in connective tissue disease 
related to ILD [52]. The understanding of different modes of IFP, 
which can identify subtle changes, may be helpful not only to reduce 
the rate of invasive operations but also to precisely treat patients and 
evaluate the therapeutic effects [53].

The Application of Radiomics in Bronchial Asthma
Asthma, as a heterogeneous disease, is easily confused with COPD 

and can benefit from the classification of subtypes. Asthma has been 
well controlled in a large number of patients, but some patients could 
not be effectively controlled even if they used high-dose Inhaled 
Corticosteroids (ICSs) or biological agents. However, radiomics may 
play an important role in guiding future treatments to improve the 
recovery of asthma. Improving the prognosis of asthmatic patients 
by using personalized clinical and imaging biomarkers has been one 
of the primary goals of the Severe Asthma Research Program (SARP) 
Project [54]. The quantitative study of CT providing structural and 
functional information of the lung has been a useful tool for the study 
of asthma [55-58]. This technique can successfully identify the unique 
structures and functional phenotypes of asthma and COPD. It was 
also considered an effective method to distinguish asthma patients 
and healthy people, as well as COPD patients and asthma patients 
[59]. Research findings of airway remodelling and air retention in a 
quantitative study of CT were associated with lung function, asthma 
severity and histology [60-62]. Studies show that imaging variables, 
including airway diameter, airway wall thicknesses, and air retention, 
are important indicators for distinguishing severe asthma from 
nonsevere asthma. Cluster analysis based on imaging variables is 
related to clinical features, which can be used to distinguish asthma 
subgroups and serve as the basis for the development of new therapies 
[61]. Moreover, Shimss et al. found that potential new airway 
morphological biomarkers help to understand and monitor local 
airway remodelling in asthmatic patients. The reduced delta lumen in 
a subset of subjects with severe, refractory asthma may result in severe 
clinical outcomes [62]. Importantly, in addition to CT imaging, the 
use of turbo inversion recovery magnitude sequence functional 
pulmonary MRI based on radiomics has been shown to accurately 
detect and evaluate the response of asthmatic patients to treatments. 
The evaluation of the turbo inversion recovery magnitude sequence 
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can assess the bronchial inflammatory response following segmental 
allergen challenge in terms of visualization and quantification and 
show the degree of segmental pulmonary oedema followed by an 
inflammatory response. This evaluation can provide a promising 
biomarker for the noninvasive detection of the inflammatory response 
in asthmatic patients [63]. Furthermore, detection of the percentage 
of airway wall thickness (wt%), delta lumen and low attenuation 
area of functional residual volume in a subset of subjects with severe 
asthma may be useful for the targeted therapy of airway fibrosis 
and improvement of prognosis for asthma [64]. The progress of 
radiomics not only is significant in clinical practice but also provides 
an excellent opportunity to improve decision-making in asthma 
treatment with more intensive or alternative therapy approaches for 
individual patients.

The Application of Radiomics in Children's Lung Diseases
Accurate diagnosis has always been a difficult problem in 

paediatric imaging due to the poor compliance of children, the 
difficulty of examination and radiation safety. At present, the 
application of accurate radiomics in children's lung diseases is 
rare. Only a few studies have focused on semi quantitative CT 

measurements to quantitatively assess the extent of air trapping 
[65-68]. Recent studies have demonstrated that the dynamic semi 
quantitative evaluation of pulmonary perfusion-enhanced imaging 
can show structural and perfusion abnormalities in children and 
young people with pulmonary cystic fibrosis and can distinguish 
operation-related atelectasis from disease-related pulmonary 
consolidation [69]. Bronchiolitis Obliterans (BO), resulting in 
damage to the terminal airway and its surroundings, is classified 
as a potentially irreversible chronic obstructive lung disease with 
low morbidity and a high mortality rate, including post infectious 
BO and post transplant BO. The characteristic CT findings in BO 
include mosaic air retention, bronchiectasis and atelectasis, which 
are not evenly distributed throughout the lung [65,70]. Quantitative 
detection of CT in post transplant BO patients with air retention is 
associated with airway obstruction in PFT [67]. A previous study 
showed the value of quantitative CT analysis in predicting the severity 
and longitudinal changes of inhalation lung injury. Quantitative CT 
analysis could also help to assess pulmonary function by some CT 
indicators, including Normally Aerated Volume Ratio (NAVR) and 
Reductively Aerated Volume Ratio (RAVR) [71]. Bronchopulmonary 
Dysplasia (BPD) is a main cause of premature death and is associated 

Figure 4: Development of the CT-based radiomics in lung diseases and application prospects in children.
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with long-term sequelae in the respiratory system, the neurological 
system, and cognition in children. Some studies also focused on 
unique structural abnormalities in chest CT scans of BPD patients 
and found that the scope of lesions in images correlates with the 
clinical manifestations and lung function in children with BPD. 
Unfortunately, data resulting from recent clinical trials were invalid 
in providing protocols and scoring systems for effectively quantifying 
structural changes in CT imaging. Therefore, based on the theory 
and clinical applications of radiomics, CT-based radiomics will serve 
as a new radiological analysis tool for treatment prediction in lung 
diseases of children [72].

Furthermore, the study of CT based on imaging in paediatric 
pulmonary diseases is obviously insufficient compared with that of 
adult studies. Children are in a period of rapid growth. The physiology 
and function of the lungs are constantly improving. The lung diseases 
of children vary from those of adults, and the prognoses of diseases 
are different. In addition, imaging findings in infants with pulmonary 
involvement can differ from those in older children and adults. 
Hence, further studies are needed to more comprehensively define 
paediatric-specific radiographic findings of lung diseases. Therefore, 
radiomics has become a challenge in paediatrics, and some problems 
in clinical application need to be further solved. First, the types of 
diseases involved in studies were limited, and the sample sizes were 
small. It is necessary to study multiple diseases and establish large 
sample data. Second, it is necessary to establish a standardization 
program for many factors, such as the scanning scheme, research 
method, parameters, Region Of Interest (ROI) segmentation method, 
and feature extraction. Third, the stability of the images and the 
accuracy of radiomics model building also need further study. Last, 
the relationship between radiomics, histopathology, and genes needs 
to be further explored in paediatric patients. We have tried to provide 
a research chart to help clinician and radiologists for development of 
the CT-based radiomics in lung diseases and application prospects in 
children (Figure 4).

In summary, radiomics can help to identify new biomarkers, 
provide new insights for understanding the phenotypes of unknown 
diseases, reduce or avoid traumatic operations, and provide broad 
prospects for accurate diagnosis and personalized treatment. 
Unfortunately, at present, radiomics is rarely used in children's lung 
diseases. Based on the advantages of CT in lung diseases, we aim to 
focus on CT-based radiomics in lung diseases in children to provide 
accurate information support for the clinical diagnosis, treatment 
and differential diagnosis of lung diseases in children and provide a 
new theory for the realization of accurate medical treatment of lung 
diseases in children.
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