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Abstract
BACKGROUND 
Due to similar clinical manifestations and imaging signs, differential diagnosis of 
primary intestinal lymphoma (PIL) and Crohn's disease (CD) is a challenge in 
clinical practice.

AIM 
To investigate the ability of radiomics combined with machine learning methods 
to differentiate PIL from CD.

METHODS 
We collected contrast-enhanced computed tomography (CECT) and clinical data 
from 120 patients form center 1. A total of 944 features were extracted single-
phase images of CECT scans. Using the last absolute shrinkage and selection 
operator model, the best predictive radiographic features and clinical indications 
were screened. Data from 54 patients were collected at center 2 as an external 
validation set to verify the robustness of the model. The area under the receiver 
operating characteristic curve, accuracy, sensitivity and specificity were used for 
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evaluation.

RESULTS 
A total of five machine learning models were built to distinguish PIL from CD. Based on the results from the test 
group, most models performed well with a large area under the curve (AUC) (> 0.850) and high accuracy (> 0.900). 
The combined clinical and radiomics model (AUC = 1.000, accuracy = 1.000) was the best model among all models.

CONCLUSION 
Based on machine learning, a model combining clinical data with radiologic features was constructed that can 
effectively differentiate PIL from CD.

Key Words: Primary intestinal lymphoma; Crohn's disease; Radiomics; Machine learning; Diagnosis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In the present study employed radiomics to extract features from computed tomography images of primary 
intestinal lymphoma and Crohn's disease, followed by the construction of machine learning models for improved differen-
tiation between these two conditions. The least absolute shrinkage and selection operator regression model with 5-fold cross 
validation was utilized for feature selection, resulting in the identification of 13 optimal predictive radiomics features along 
with 4 clinical features. Ultimately, all phase models incorporating radiomics features and a combined model integrating 
both radiomics and clinical features were developed.

Citation: Xiao MJ, Pan YT, Tan JH, Li HO, Wang HY. Computed tomography-based radiomics combined with machine learning 
allows differentiation between primary intestinal lymphoma and Crohn's disease. World J Gastroenterol 2024; 30(25): 3155-3165
URL: https://www.wjgnet.com/1007-9327/full/v30/i25/3155.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i25.3155

INTRODUCTION
Intestinal lymphoma is the second most common extralymph node lymphoma after gastric lymphoma and is occurring 
with a general uptrend in incidence worldwide[1,2]. The National Cancer Institute's Surveillance, Epidemiology, and End 
Results database showed that the incidence of lymphoma in the small intestine and colon increased from 0.22 and 0.1 in 
1973 to 0.35 and 0.21 in 2004, respectively[3]. Among these lymphomas, primary intestinal lymphoma (PIL) is very rare, 
accounting for only approximately 15% of intestinal malignancies[4,5], but lacks specific clinical manifestations. 
Abdominal pain is the most common clinical symptom, followed by abdominal mass, nausea, anorexia, gastrointestinal 
bleeding, intestinal obstruction, etc[6-8]. Crohn's disease (CD) is a chronic inflammatory granulomatous disease of the 
gastrointestinal tract that develops in a recurrent and remitting manner and is influenced by genetic, immune and 
environmental influences, with increasing incidence worldwide[9-11]. Both PIL and CD can present with clinical 
symptoms similar to other intestinal diseases, but both diseases can be distinguished from other intestinal diseases by 
imaging and pathology. However, the diagnosis of PIL and CD can be easily confused because they are not only similar 
in clinical presentation, but also have many overlapping imaging and endoscopic features[2,7,12]. It is worth noting that 
PIL and CD differ greatly in terms of clinical treatments as CD is often treated with drugs such as aminosalicylic acid, 
whereas PIL can be treated with observation, chemotherapy, or a combination of chemotherapy and surgery depending 
on the type of pathology[6,8,10,13]. Therefore, distinguishing PIL from CD remains a radiographic diagnostic challenge.

Contrast-enhanced computed imaging plays an important role in the diagnosis of CD and intestinal lymphoma and 
allows for evaluation of areas of the gastrointestinal tract that are not accessible by conventional upper gastrointestinal 
endoscopy and colonoscopy[2,13,14]. In some previous studies, various features have been applied as diagnostic points in 
PIL and CD, including demographic, clinical, endoscopic, endoscopy and computed tomography enterography data[7]. 
However, sometimes it is difficult to distinguish PIL from CD due to similar imaging manifestations in real-time clinical 
work.

Radiomics is a rapidly growing field built on computer-aided diagnostic, prognostic, and therapeutic research, 
involving specifically the high-throughput extraction of quantitative features from radiographic images, the conversion of 
images into mineable data and, thus, risk assessment by incorporating imaging features into predictive models of 
treatment outcomes[15-18]. Machine learning lies at the intersection of computer science and statistics and is a scientific 
discipline that encompasses the study of how computers learn from data. It arises at the intersection of statistics, which 
seeks to learn relationships from data, and computer science, which emphasizes efficient computational algorithms[19,
20]. Liu et al[4] performed texture analysis of arteriovenous computed tomography (CT) images of patients to differ-
entiate small intestinal lymphomas from nonlymphomas. Zhang et al[7] identified CD and PIL by evaluating different 
parameters. However, very little attention has been given to the diagnostic imaging of PIL and CD in terms of radiomics 
combined with machine learning. In this study, we performed the extraction of multiple radiomic features to combine 
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statistically significant clinical indications with histological features to build a higher performance classification model.
Therefore, the main objective of this study was to develop a multiphase enhanced CT-based radiomics combined with 

machine learning model to discriminate PIL from CD by detecting subtle changes and, thereby, help to guide the choice 
of clinical treatment modality.

MATERIALS AND METHODS
Patients
This was a retrospective study approved by the institutional review board of the Ethics Committee. Informed consent 
was waived because of the retrospective nature of the study. We reviewed the medical records of 264 patients diagnosed 
with PIL and CD between January 2011 and January 2023 at Shandong First Medical University Affiliated Provincial 
Hospital. Finally, 120 patients (69 PIL patients with histologically confirmed and 51 CD patients with a clinical diagnosis 
including biopsy pathology) who met the inclusion criteria were included in this study (center 1). We collected 54 
patients from Qilu Hospital of Shandong University between June 2015 to August 2022 (center 2). The requirement for 
informed consent was waived due to the retrospective nature of this study. Flowchart of participant selection is detailed 
in Supplementary Figure 1.

Patients with PIL were included according to the Dawson criteria[21]. Patients with CD were included according to the 
following criteria: (1) Clinician diagnosis of CD; (2) Pathology and CT examination performed during hospitalization; and 
(3) No previous intestinal surgical treatment. All above patients were excluded according to the following criteria: (1) 
Patients with both PIL and CD; (2) Patients with other concomitant gastrointestinal diseases; and (3) Lack of clinical data 
or CT images. The basic clinical data were recorded and displayed. The non-contrast enhanced phase, arterial phase and 
venous phase CT images of all patients were collected.

CT imaging and the region of interest
The CT scan protocols are shown in Supplementary Table 1. The nonionic contrast medium (iopromide, ultravist 370; 
Bayer) was administered into the antecubital vein by a power injector at a rate of 2.5 mL/s. Non contrast CT of the whole 
abdomen was performed first, followed by two postcontrast CT scans obtained in the arterial phase and venous phase. 
Based on the non-contrast-enhanced phase, arterial phase and venous phase CT images, the region of interest (ROI) were 
depicted manually and individually by an abdominal radiologist with 3 years of experience using ITK-SNAP open source 
software version 3.6.0 (Yushkevich P and Gerig G) without knowledge of the patient's clinical data, the images were 
examined by an abdominal radiologist with 26 years of experience, and the outlined area did not include the intestinal 
cavity and blood vessels[22].

Feature extraction
The CT images were normalized by performing a rescaling operation. The slice thickness was standardized by resampled 
voxel sizes to 1 mm × 1 mm × 5 mm. The features of ROIs were extracted by using the pyradiomics package version 3.0.1. 
A total of 944 radiomics features were extracted from every single-phase CT images of each patient, including 14 shape 
features, 180 first-order features and 750 texture features. The texture features were calculated by using Gray Level 
Cooccurrence Matrix, Gray Level Dependence Matrix, Gray Level Run Length Matrix, Gray Level Size Zone Matrix and 
Neighborhood Gray-tone Difference Matrix.

Feature selection
A total of 120 patients form center 1 were randomly divided into a training set (n = 84) and an internal validation set (n = 
36) at a 7:3 ratio. The least absolute shrinkage and selection operator (Lasso) can select variables while estimating model 
parameters and better solve the multicollinearity problem in regression analysis. Based on the training set, the best 
predictive radiomics features were selected by using the Lasso model with 5-fold cross validation to reduce overfitting. In 
addition, lasso model with 5-fold cross validation was also used to select statistically significant clinical features. The 
median value and p-value of selected radiomics feature is presented in Table 1.

Model establishment and assessment
Five machine learning models were established to classify CD and PIL. First, three lasso models were established by 
radiomics features selected based on the non-contrast enhanced phase, arterial phase and venous phase single-phase CT 
images respectively. Next, two logistic regression models were established including an all phase model and a combined 
(clinical and radiomics) model. The establishment of all phase model was based on the features selected by three single-
phase selections. The establishment of the combined model was based on the three single-phase radiomics and clinical 
features.

The models were assessed by the area under the curve (AUC) of receive operating curve, accuracy, sensitivity and 
specificity. Then, the calibration curve was used to assess the conformity between the predicted and actual results. The 
patients from center 2 acted as an external validation set to demonstrate the robustness of the models. The flowchart of 
model construction was presented in Figure 1.

Statistical analysis
ITK-SNAP version 3.6.0 is an open-source software (http://www.itksnap.org/pmwiki/pmwiki.php)[22]. Statistical 

https://f6publishing.blob.core.windows.net/7337c818-b856-4c88-a828-a2fca16f32de/91903-supplementary-material.pdf
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Table 1 The median value of selected radiomics feature

Datasets Training set Internal validation set External validation set

Classifications CD PIL P value CD PIL P value CD PIL P value

Phases Features

N OSV 0.58 0.38 0.00b 0.63 0.36 0.00b 0.60 0.39 0.00b

LSGL -0.19 -0.28 0.00b -0.23 -0.28 0.11 -0.25 -0.30 0.10

WLLHGR 0.81 0.68 0.00b 0.83 0.70 0.00b 0.70 0.61 0.09

WHLLFM -2.61 -0.60 0.00b -2.99 -0.64 0.00b -1.52 -0.86 0.01a

WHHHGL 2.35 3.21 0.00b 2.21 2.89 0.00b 2.65 3.28 0.00b

A OSV 0.58 0.37 0.00b 0.62 0.39 0.00b 0.62 0.40 0.00b

WHLLFM -2.96 -0.65 0.00b -4.42 -0.85 0.00b -1.77 -0.80 0.00b

WLLLGR 0.84 0.73 0.00b 0.85 0.72 0.00b 0.77 0.69 0.00b

V OSV 0.55 0.37 0.00b 0.70 0.37 0.00b 0.59 0.40 0.00b

LSGL -0.18 -0.28 0.00b -0.20 -0.25 0.03a -0.23 -0.30 0.00b

WHLLFM -2.90 -0.77 0.00b -5.08 -0.68 0.00b -1.93 -1.05 0.00b

WLLLGA 0.17 0.10 0.00b 0.18 0.10 0.00b 0.14 0.08 0.00b

WLLLGR 0.84 0.74 0.00b 0.85 0.71 0.00b 0.79 0.69 0.00b

aP < 0.05.
bP < 0.01.
PIL: Primary intestinal lymphoma; CD: Crohn's disease; N: Non-contrast enhanced; A: Arterial; V: Venous; OSV: Original shape voxel volume; LSGL: Log 
sigma 3-0-mm-3D glcm lmc2; WLLHGR: Wavelet LLH glrlm run percentage; WHLLFM: Wavelet HLL firstorder minimum; WHHHGL: Wavelet HHH 
glrlm long run high gray level emphasis; WLLLGR: Wavelet LLL glrlm run percentage; WLLLGA: Wavelet LLL glcm autocorrelation.

analyses were performed using R Version 3.4.0 (https://www.r-project.org/).

RESULTS
Patients
A total of 120 patients (51 CD and 69 PIL) from center 1 and 54 patients (30 CD and 24 PIL) from center 2 were enrolled in 
this study. The clinical characteristics were shown in Supplementary Table 2.

Feature selection and the establishment and assessment of model
After selection with lasso regression, the non-contrast enhanced phase, arterial phase and venous phase models were 
built with five, three and five optimal radiomics features, respectively. All phase model was built by the above thirteen 
radiomics features. After selection with Lasso, four clinical features were selected including frequency of defecation, 
intestinal wall thickness, comb sign and enhanced pattern. Finally, the above thirteen radiomics features and four clinical 
features were combined to build the radiomics and clinical combined model, and the nomogram was created (Figure 2).

The AUC of non-contrast enhanced phase, arterial phase and venous phase in the training set, internal validation set 
and external validation set was as follows: 0.942, 0.867 and 0.858; 0.939, 0.905 and 0.850; 0.943, 0.898 and 0.860. The AUC 
of all phase model was 0.987, 0.959 and 0.975 in the training set, internal validation set and external validation set, 
respectively. The AUC of the combined model was 1.000, 0.987 and 1.000 in the training set, internal validation set and 
external validation set, respectively (Figure 3). The accuracy, specificity and sensitivity of all models are shown in Table 2. 
The confusion matrix and calibration curve show that the models have good classification ability (Figures 4 and 5).

DISCUSSION
PIL and CD share many similarities in clinical symptoms and imaging features, including manifestations of abdominal 
pain, hematochezia, thickening of the intestinal wall and abnormal enhancement. In addition, the clinical treatment 
modalities of PIL and CD are completely different, and delayed diagnosis may lead to complications. Therefore, the rapid 
diagnosis and differentiation of PIL and CD is an urgent need for clinicians and has important guiding significance for 
the choice of treatment methods.

https://www.r-project.org/
https://www.r-project.org/
https://f6publishing.blob.core.windows.net/7337c818-b856-4c88-a828-a2fca16f32de/91903-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/7337c818-b856-4c88-a828-a2fca16f32de/91903-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/7337c818-b856-4c88-a828-a2fca16f32de/91903-supplementary-material.pdf
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Table 2 The performance of models in the internal/external validation set

Dataset Score Radiomics (All phase) Combined (radiomics + clinical)

Internal validation set AUC 0.96 (95%CI: 0.90-1.00) 0.99 (95%CI: 0.96-1.00)

     Accuracy 0.92 (95%CI: 0.78-0.98) 0.94 (95%CI: 0.81-1.00)

     Sensitivity 0.93 (95%CI: 0.68-1.00) 1.00 (95%CI: 0.78-1.00)

     Specificity 0.91 (95%CI: 0.70-1.00) 0.91 (95%CI: 0.70-1.00)

External validation set AUC 0.98 (95%CI: 0.94-1.00) 1.00 (95%CI: 0.99-1.00)

     Accuracy 0.93 (95%CI: 0.82-0.98) 1.00 (95%CI: 0.93-1.00)

     Sensitivity 0.96 (95%CI: 0.79-1.00) 1.00 (95%CI: 0.86-1.00)

     Specificity 0.90 (95%CI: 0.73-0.98) 1.00 (95%CI: 0.88-1.00)

AUC: Area under the curve; CI: Confidence interval.

Figure 1 Flowchart of radiomics and clinical-radiomics model construction to classify primary intestinal lymphoma and Crohn's disease. 
CD: Crohn's disease; PIL: Primary intestinal lymphoma; CT: Computed tomography; ROI: Region of interest; ROC: Receive operating curve; Lasso: Least absolute 
shrinkage and selection operator.

In this study, we combined clinical factors and radiomic features to develop an all phase model based on three-phase 
CT and a combined model based on clinical features and three-phase CT, respectively. Among them, the model 
combining clinical data and radiological features has the highest performance, and the AUC value of this model exceeds 
0.980 in the training set, internal validation set and external validation set. The combined model has good discriminatory 
value for the diagnosis of PIL and CD and plays an important role in assisting doctors in choosing the appropriate 
treatment plan.

CT is considered the most common and valuable tool for the evaluation of intestinal diseases, especially contrast-
enhanced computed tomography (CECT), which allows diagnosis and differentiation of intestinal diseases by multiphase 
scanning[4]. However, in clinical work, PIL and CD share some similar imaging features, such as bowel-wall thickening, 
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Figure 2 The nomogram of combined model. Gender: 1-Male; 2-Female; Enhanced pattern: 1-Homogeneous enhancement; 2-Inhomogeneous 
enhancement; 3-Hierarchical enhancement; 4-Mucosal enhancement. PIL: Primary intestinal lymphoma; OSV: Original shape voxel volume; LSGL: Log sigma 3-0-
mm-3D glcm lmc2; WLLHGR: Wavelet LLH glrlm run percentage; WHLLFM: Wavelet HLL firstorder minimum; WHHHGL: Wavelet HHH glrlm long run high gray level 
emphasis; WLLLGR: Wavelet LLL glrlm run percentage; WLLLGA: Wavelet LLL glcm autocorrelation; N: Non-contrast enhanced; A: Arterial; V: Venous.

enlargement of regional lymph nodes, and enhancement of the lesion after enhanced scan[7]. In general, substantial 
thickening of the intestinal wall (approximately 2 cm), aneurysmal dilatation, and uniform enhancement contribute to the 
diagnosis of PIL. In CD, mild intestinal wall thickening, layered strengthening of the intestinal wall and multi-segmental 
involvement of the intestine are more common[2]. However, some pathological types of PIL, such as enteropathy-
associated T-cell lymphoma, may have a pattern of enhancement that is very similar to CD, showing stratified 
enhancement. Similarly, CD sometimes shows homogeneous enhancement of the intestinal wall on enhancement scans 
that is indistinguishable from PIL[23]. In addition, although endoscopic biopsy is the gold standard for the diagnosis of 
lymphoma, it is difficult to accurately obtain tumor tissue under endoscopy in clinical work when the lesion is small in 
size or the tumor site is deep[6,7]. In this study, there were some patients with PIL diagnosed with CD at first due to the 
results of the initial tissue biopsy under endoscopy. However, after repeated pathological biopsies under endoscopy, the 
final diagnosis was PIL. Therefore, we believe that the combination of clinical data, noninvasive imaging examinations 
and artificial intelligence is more conducive to the differential diagnosis of diseases.

In clinical practice, reliable identification of PIL and CD is critical to the choice of patient treatment options. Previous 
studies have focused solely on the evaluation of morphological manifestations and imaging features of intestinal disease, 
including clinically relevant data, endoscopic features, and imaging signs[7,24]. In terms of radiomics, we were unable 
retrieve information from the literature on the differentiation of PIL and CD by imaging histology combined with 
machine learning, probably due to the rarity of these two diseases. However, some studies have applied CT texture 
parameters to differentiate intrahepatic cholangiocarcinoma from hepatic lymphoma[25]. Inspired by the above studies, 
we combined clinical data with radiomic analysis of CT images to construct a more refined discriminatory model.
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Figure 3 The receive operating curves. A: The receive operating curves of models based on the training set; B: The receive operating curves of models based 
on the internal validation set; C: The receive operating curves of models based on the external validation set. AUC: Area under the curve.

In previous studies, Zhang et al[7] retrospectively collected data on patients with CD and PIL, including clinical 
information and imaging features. After the analysis, a classification model with high specificity was established, with an 
accuracy, a specificity and a sensitivity of 0.936, 0.964 and 0.918, respectively. In contrast, our study collected clinical data 
and laboratory indices, but also collected multi-phase CT images including non-contrast enhanced phase, arterial phase 
and venous phase, and further extracted radiomic features of the images. Liu et al[4] performed preoperative differential 
diagnosis of lymphoma and other small intestinal malignancies by CT texture analysis, and established the clinical model, 
arterial texture model and venous texture model by outlining the ROI at the maximum level to extract features, 
respectively, and their AUCs all reached above 0.87. Differently, our study is dedicated to the identification of PIL and 
CD, rather than simply classifying patients with disease into lymphoma and non-lymphoma groups to achieve a clearer 
clinical localization. In addition, we extracted radiomic features based on shape, first-order and texture features by multi-
level 3D segmentation on three-phase CT images and combined them with characteristic clinical factors to build a 
combined model with higher classification power (AUC = 1.000). Our study performed richer feature extraction and 
obtained higher AUC models. The combined model has a higher AUC of 1.000 compared to the simple all-time phase 
model. Recently, Yang et al[24] developed a scoring model to discriminate PIL from CD based on clinical symptoms, 
endoscopic and imaging features, with an accuracy of 83.66% and an AUC of 0.947. In addition, they further evaluated 
the performance of the model by tenfold cross-validation (AUC = 0.901). The difference is that, on the one hand, we used 
a simple and readable nomogram and, on the other hand, we add an external validation set from another center, which 
allows for a more comprehensive evaluation of the mode. Among them, the combined model shows the best 
performance, with a higher AUC on the external validation set than on the internal validation set, with an AUC of 1.000. 
Compared to the models built in previous studies, our model shows a more outstanding discrimination on the external 
validation set, with an accuracy, specificity and sensitivity of 1.000.

PIL and CD have completely different treatment modalities. The treatment of CD is aimed at induction followed by 
maintenance of remission. Immunosuppressive agents and 5-aminosalicylic acid analogs are used as the main therapeutic 
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Figure 4 The confusion matrix. A: The performance of all phase radiomics model in the internal validation set; B: The performance of combined model in the 
internal validation set; C: The performance of all phase radiomics model in the external validation set; D: The performance of combined model in the external 
validation set. CD: Crohn's disease; PIL: Primary intestinal lymphoma.

agents for the treatment of moderate-to-severe and mild-to-moderate CD, respectively. If the disease continues to 
progress, biological therapies may be used for disease induction and control[10,26]. Treatment of PIL is diverse, ranging 
from simple "wait and see" to local radiotherapy or surgery to chemotherapy and stem cell transplantation. Most studies 
support an approach based on the World Health Organization classification and the Ann Arbor or Paris staging system to 
determine diagnosis and staging, followed by individualized treatment in conjunction with the patient's own condition
[27,28]. Some studies claim that delayed diagnosis may affect the disease process, often leading to complications, such as 
stenosis and endovascular fistulae in CD, which prevent remission[29,30]. A study of adult CD patients in France showed 
that delaying diagnosis for more than 13 months is associated with a high risk of major surgery[29]. Therefore, early, 
rapid and accurate disease diagnosis is crucial to the treatment and prognosis of PIL and CD and is a great challenge for 
clinicians.

Our study has some limitations. First, this study was retrospective, and diseases other than PIL and CD were not 
included in the analysis. Therefore, clinicians would need to exclude other diseases before attempting to differentiate the 
two diseases, which may limit the use of the model in clinical practice. Second, because this study was retrospective, the 
images were obtained from different CT machine scans, which may cause discrepancies between the original images. In 
addition, the case data in this study were limited because PIL and CD are relatively rare. A larger amount of data would 
allow the model to achieve a more robust assessment, and its performance may improve. Finally, we will further improve 
the technical level and increase the amount of clinical data in anticipation of applying deep learning to the differential 
diagnosis of PIL and CD. The above will be the focus of our further study.

CONCLUSION
In conclusion, we report that CECT-based radiomics combined with machine learning models can be used to differentiate 
PIL from CD on images. The developed model has the ability to provide a valuable reference for clinicians in rapid 
diagnosis and determination of treatment options.
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Figure 5 The calibration curve. A: The calibration curve of combined model in the training set; B: The calibration curve of combined model in the internal 
validation set; C: The calibration curve of combined model in the external validation set.
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