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Background: Differential diagnosis of primary intestinal lymphoma (PIL) and Crohn’s disease (CD) is a challenge in clinical diagnosis.

Aims: To investigate the validity of the nomogram based on clinical and computed tomography (CT) features to identify PIL and CD.

Methods: This study retrospectively analyzed laboratory parameters, demographic characteristics, clinical manifestations, and CT imaging features of PIL and CD patients from two centers. Univariate logistic analysis was performed for each variable, and laboratory parameter model, clinical model and imaging features model were developed separately. Finally, a nomogram was established. All models were evaluated using the area under the curve (AUC), accuracy, sensitivity, specificity, and decision curve analysis (DCA).

Results: This study collected data from 121 patients (PIL = 69, CD = 52) from Center 1. Data from 43 patients (PIL = 24, CD = 19) were collected at Center 2 as an external validation cohort to validate the robustness of the model. Three models and a nomogram were developed to distinguish PIL from CD. Most models performed well from the external validation cohort. The nomogram showed the best performance with an AUC of 0.921 (95% CI: 0.838–1.000) and sensitivities, specificities, and accuracies of 0.945, 0.792, and 0.860, respectively.

Conclusion: A nomogram combining clinical data and imaging features was constructed, which can effectively distinguish PIL from CD.
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1. Introduction

The intestine is the most common site of extranodal lymphoma other than the stomach, with the ileum being the most common (1). Primary intestinal lymphoma (PIL) is very rare, accounting for less than 4% of all gastrointestinal malignancies, and most are non-Hodgkin’s lymphomas (2). The pathological biopsy is considered to be the gold standard for diagnosing PIL. However, there is a possibility of a negative biopsy due to the small size or superficiality of the specimen. In addition, the manifestations in clinical of PIL are not specific, so it is often confused with other intestinal diseases (3).

Crohn’s disease (CD) is an idiopathic inflammatory disease with a slow course, often alternating between relapses and remissions, influenced by genetic, immunological and environmental factors (4, 5). The diagnosis of CD relies not only on tissue biopsy but also on a combination of clinical signs, laboratory tests, and imaging (5). CD most commonly occurs in the terminal ileum and ileocecal region, which has similarities with PIL (6). In addition, there are overlapping aspects of PIL and CD in terms of clinical signs and imaging manifestations, which increases the difficulty of differential diagnosis between PIL and CD.

It is noteworthy that the treatment of PIL and CD is completely different. PIL is mainly treated with surgery or chemotherapy (7, 8). However, CD is usually treated with pharmacological treatment for induction and maintenance (5). Delayed diagnosis of PIL and CD may lead to poor prognosis and disease complications (9). Therefore, accurate and rapid diagnosis of PIL and CD can help in the selection of treatment options, which is a great challenge for clinicians.

Therefore, we retrospectively collected data on clinical features, laboratory parameters, and radiological characteristics of PIL and CD patients. The aim is to develop an effective and simple diagnostic model that would be helpful in differentiating PIL from CD.



2. Materials and Methods


2.1. Subjects

We searched medical records for 264 patients diagnosed with PIL and CD from January 2011 to December 2022 at the Shandong provincial hospital affiliated to Shandong First Medical University (Center 1). Finally, 121 patients who met the inclusion criteria (69 patients with histologically confirmed PIL and 52 patients with clinically diagnosed CD including biopsy pathology) were included. We collected 43 patients approved by Qilu Hospital of Shandong University (Center 2) from June 2015 to August 2022. Due to the retrospective nature of this study, the requirement of informed consent was waived. Figure 1 shows the flowchart of participant selection.
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FIGURE 1
 Flowchart of participant selection.




2.2. Methods

Patients with PIL were included according to the Dawson criteria (10). Patients with CD were included according to the following criteria: (1) clinical diagnosis of CD; (2) no previous intestinal surgical treatment. All the above patients underwent at least one computed tomography (CT) examination and pathological examination during hospitalization. All of the above patients were excluded according to the following criteria: (1) patients with both PIL and CD; (2) patients with other gastrointestinal malignancies; and (3) lack of the required medical imaging images. Basic clinical data were recorded and displayed. Non-enhanced, arterial-phase, and venous-phase CT images were collected from all patients.



2.3. Data collection

Clinical information about the patients including demographic characteristics, laboratory parameters, and clinical manifestations and imaging features was obtained from the electronic medical record.

Demographic parameters included gender and age of onset.

Laboratory data were recorded as follows: hemoglobin level, platelet count, albumin level, lymphocyte absolute value, neutrophil cell absolute value, eosinophil absolute value, and C-reactive protein (CRP) level.

Clinical manifestations include time from onset to diagnosis, abdominal pain, diarrhea, bloating, bloody stools, fever, increased frequency of stools, abdominal mass, tenesmus, and weight loss.

All included patients had undergone at least one CT examination and were evaluated by two experienced radiologists. The CT features include intestinal wall thickness, intestinal stenosis, aneurysmal dilatation, enlargement of the abdominal lymph nodes, the enhanced density of the peri-intestinal fat, “comb sign,” the degree and mode of enhancement after enhancement scan, and CT values in each phase (Figure 2). Consider dilatation or stenosis of the intestinal lumen as observed in at least two planes at the lesion.
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FIGURE 2
 (A) Mucosal enhancement a patient with PIL. (B) Homogeneous enhancement in a patient with CD. (C) “Comb sign” in a patient with CD.


In terms of enhancement methods, tumors with low or no enhancement areas within the tumor are considered to have heterogeneous enhancement. Layered enhancement is considered to be mucosal, relatively poor submucosal, and serosal enhancement (11, 12). The enhancement of the innermost layer of the intestinal wall is mucosal enhancement. For the level of enhancement, compared with plain CT, an increase of 10–30 HU in the CT value in enhanced CT images is defined as a mild enhancement. The increase in CT value of the lesion at a level of 30–50 HU is defined as a moderate enhancement. More than 50 HU is defined as a severe enhancement. Segmentation of CT images in plain, arterial, and venous phases was performed using ITK-SNAP (RRID:SCR_017341) (version 4.0, http://www.itksnap.org) (13). The region of interest (ROI) was delineated by the physician with a multi-layer manual outline of the lesion area, excluding the intestinal lumen and vessels.



2.4. Statistical analysis

Several scales were designed to analyze information on patients’ demographic, clinical, laboratory, and imaging characteristics. Patients in the PIL and CD group were analyzed using IBM SPSS Statistics (RRID:SCR_019096) (version 25.0; SPSS, Inc., Chicago, IL, United States) and GraphPad Prism (RRID:SCR_002798) (version 9.0; GraphPad, San Diego, CA). Continuous variables that were normally distributed were expressed as mean ± SD, otherwise median (upper and lower quartiles) was used. Categorical variables were expressed as frequencies and percentage values. All statistical tests were two-sided. p < 0.05 was considered a statistically significant difference. Missing values were all less than 20%, and missing values were filled using multiple interpolations. Predictive mean matching (PMM) was chosen to interpolate the data 20 times, and then the interpolated results were split and summarized to generate the final dataset.

First, univariate logistic analysis was performed for each variable. Then, parameters with p < 0.05 and AUC ≥0.6 (rounded) were integrated, and the laboratory parameters model, clinical model combining demographic data with clinical symptoms, and imaging features model, respectively, were developed using R Project for Statistical Computing (RRID:SCR_001905) (version 4.2.3, https://www.r-project.org/). In addition, covariate diagnostics were performed for each model’s variables. Finally, the indicators with p < 0.05 in the three models were integrated and the nomogram was plotted.

In addition, receiver operating characteristic (ROC) curves were plotted to assess the discrimination. The DeLong test was used to compare the AUC between models. The Hosmer–Lemeshow goodness-of-fit test was used to determine the goodness-of-fit of the nomogram and calibration curves were plotted to assess the agreement between the predicted and actual results. Sensitivity, specificity, and accuracy were calculated to assess the performance of all models. Finally, clinical decision curves (DCA) were plotted to understand patient benefits. Patients from Center 2 served as an external validation set to demonstrate the robustness of the model. The characteristics of the two centers are shown in Table 1. Most of the characteristics of the two centers are not statistically different.



TABLE 1 Baseline characteristics of the training cohort and the external validation cohort.
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3. Results


3.1. Patients

A total of 121 patients from Center 1 (52 CD and 69 PIL) and 43 patients from Center 2 (19 CD and 24 PIL) were included in this study.



3.2. Demographic features

No significant difference was found between PIL and CD patients in terms of gender. However, the age of onset in patients with the PIL group was significantly higher than those in the CD group (52.59 ± 19.08 years vs. 44.96 ± 18.67 years, p < 0.05).



3.3. Clinical manifestations

In terms of clinical presentation, the time from onset to diagnosis was significantly longer in the CD group than in the PIL group [median time, 12.00 (2.25, 36.00) mo vs. 2.00 (1.00, 6.00) mo, p < 0.05]. The incidence of diarrhea, increased frequency of stools, fever, and weight loss was significantly higher in the CD than in PIL (p < 0.05). In contrast, the incidence of abdominal masses was significantly higher in the PIL group than in the CD (p < 0.05). One-way logistic regression analysis of demographic characteristics of primary intestinal lymphoma and Crohn’s disease are presented in Table 2.



TABLE 2 One-way logistic regression analysis of demographic characteristics of primary intestinal lymphoma and Crohn’s disease.
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3.4. Laboratory parameters

Laboratory tests showed no significant difference in lymphocyte absolute value and eosinophil absolute value between the PIL group and CD group. CRP level, platelet count, and neutrophil cell absolute value were significantly higher in the CD group compared to the PIL group (p < 0.05). Albumin and hemoglobin levels were lower in the CD group compared to the PIL group. One-way logistic regression analysis of laboratory parameters of primary intestinal lymphoma and Crohn’s disease are listed in Table 3.



TABLE 3 One-way logistic regression analysis of laboratory parameters of primary intestinal lymphoma and Crohn’s disease.
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3.5. Computed tomography imaging features

CT examination showed that aneurysmal dilatation of the lesion area and enlarged abdominal lymph nodes were more common in the PIL group than in the CD group (p < 0.05). Patients with CD had significantly more intestinal stenosis, the enhanced density of the peri-intestinal fat, and “comb sign” at the lesion than patients with PIL (p < 0.05). The intestinal wall was thickened in both PIL and IBD patients, but significantly thicker in PIL patients than in CD patients [median time, 17.44 (13.76, 25.62) mm vs. 9.74 (7.31, 12.35) mm, p < 0.05]. On enhancement scans, PIL more often showed homogeneous, mild enhancement, whereas CD tended to have moderate, stratified, or mucosal enhancement (p < 0.05). In addition, the CT values of lesions in the arterial and venous phases were higher in patients with CD compared to PIL (p < 0.05). One-way logistic regression analysis of computed tomography imaging features of primary intestinal lymphoma and Crohn’s disease are listed in Table 4.



TABLE 4 One-way logistic regression analysis of computed tomography imaging features of primary intestinal lymphoma and Crohn’s disease.
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3.6. Development of differentiation models of PIL with CD patients

Comparative analysis of laboratory parameters, clinical manifestations, and imaging features was performed to establish the best model with the best discriminatory ability.

First, all indicators were analyzed separately by univariate logistic analysis, and those with p < 0.05 and AUC ≥0.6 in the univariate logistic analysis were included in multivariate logistic regression analysis. The laboratory parameters model, clinical model, and imaging features model were developed and covariate diagnoses were performed. Hemoglobin, albumin, and CRP levels as well as platelet counts and neutrophil cell absolute value were included in the laboratory parameters models. Age of onset, time from onset to diagnosis, diarrhea, increased frequency of stools, fever, abdominal mass, and weight loss were included in the clinical model. Imaging features model included intestinal wall thickness, intestinal stenosis, aneurysmal dilatation, enlargement of the abdominal lymph nodes, the enhanced density of the peri-intestinal fat, “comb sign” and layered or mucosal enhancement at the lesion, and venous phase CT values. In the training cohort and external validation cohort, the AUCs of the laboratory parameters model, clinical model, and imaging features model were 0.706 and 0.647; 0.903 and 0.761; and 0.978 and 0.897, respectively. Forest plots and ROC curves of the three models are shown in Figures 3, 4.

[image: Figure 3]

FIGURE 3
 Forest plot of multivariate regression analysis based on laboratory parameters model, clinical model, and imaging features model.


[image: Figure 4]

FIGURE 4
 The ROC curves of the laboratory parameters model, clinical model, and imaging features model in the training cohort (A) and the external validation cohort (B), respectively.




3.7. Development and evaluation of Nomogram

The indicators with p < 0.05 in the above model were selected to build a nomogram, including time from onset to diagnosis, increased frequency of stools, intestinal wall thickness, and “comb sign” with layered or mucosal enhancement at the lesion. The nomogram was plotted in Figure 5. The scores of the nomogram were calculated as follows:
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FIGURE 5
 Nomogram based on clinical signs and imaging features.


The AUC of the nomogram was 0.982 and 0.921 for the training cohort and the external validation cohort, respectively. The DeLong test was used to compare the AUC between models. In the training cohort and external validation cohort, the nomogram had no statistical significance with the image feature model (p = 0.5527/0.8753) but had statistical significance with other models (p < 0.05). The nomogram fit well in the training cohort (p = 0.148) and the external validation cohort (p = 0.660) according to the Hosmer–Lemeshow goodness-of-fit test. The nomogram shows good agreement in the calibration curves of both cohorts (Figure 6). In addition, the decision curves for the laboratory parameters model, clinical model, imaging features model, and nomogram are shown in Figure 7. Nomogram showed the highest net benefit, followed by the imaging features model. The accuracy, specificity, and sensitivity of all models are shown in Table 5.

[image: Figure 6]

FIGURE 6
 ROC and Calibration curves of Nomogram in training cohort and external validation cohort. (A) ROC curve of nomogram in the training cohort. (B) ROC curve of nomogram in the external validation cohort. (C) Calibration curve of nomogram in the training cohort. (D) Calibration curve of nomogram in the external validation cohort.
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FIGURE 7
 The decision curve analysis for all models in training cohort (A) and external validation cohort (B).




TABLE 5 The performance of models in the training cohort and external validation cohort.
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4. Discussion

With the increasing incidence and prevalence of PIL and CD year by year, the differential diagnosis of PIL and CD has been widely and continuously concerned. In recent years, endoscopic biopsy and imaging have provided great assistance in the diagnosis of the disease. However, when the lesion is small in size or deep in location, endoscopy cannot accurately obtain a specimen suitable for diagnosis (3). In addition, endoscopic biopsy being an invasive test, the increased depth of sampling carries the risk of perforation because of the thin wall of the small intestine. Imaging evaluation plays an important role in the diagnosis of PIL and CD. In general, the thickening of the intestinal wall of about 2 cm contributes to the diagnosis of lymphoma (14). However, our study showed that approximately 62% of PIL patients did not achieve a thickening degree of 2 cm, with the minimum being only 10.18 mm. Additionally, PIL with different pathological types may exhibit imaging features similar to those of CD thereby influencing the radiologist’s judgment. This study aimed to develop a non-invasive model to provide valuable assistance for the differentiation of PIL and CD.

Many previous studies have attempted to differentiate PIL from CD and have made good progress. Zhang et al. (3) developed a highly sensitive and specific model for discriminating CD from PIL by collecting laboratory indices, clinical parameters, endoscopic features, and imaging features with an area under the ROC curve of 0.989. Recently, Yang et al. (15) established a differential diagnosis scoring model for CD versus ulcerative primary intestinal lymphoma (UPIL) based on clinical symptoms, endoscopic and imaging features. The accuracy of the model was as high as 83.66%. Meanwhile, the scoring model also showed high performance in the internal validation set, with an area under the ROC curve of 0.901. However, previous studies have built only one model to discriminate PIL from CD. In addition, the lack of an external validation cohort and the single evaluation metric may not provide an adequate assessment of the robustness of the model.

In this study, we first developed a laboratory parameters model. The AUC of the laboratory parameters model was greater than 0.69 in both the training and external validation cohort, with specificity exceeding 0.75. However, although the model had a high specificity but a low sensitivity of 0.632. In addition, the DCA curve showed a low patient benefit. Then, we developed a clinical model based on demographic and clinical symptoms. The clinical model had a higher AUC, accuracy, and specificity than the laboratory parameters model, with a specificity of 0.917. However, the sensitivity of the clinical model is similar to that of the laboratory parameters model. After that, we built an imaging features model based on CT images with an AUC as high as 0.897 in the external validation cohort, and the accuracy, specificity, and sensitivity of the model were over 0.80. Finally, we combined the indicators with p < 0.05 in the three models to build a nomogram with simplified indicators and high diagnostic performance.

Since there were no p < 0.05 indicators in the laboratory parameters model, the nomogram was finally built based on clinical and imaging features. Nomogram had an AUC of 0.921 in the external validation cohort, with a sensitivity of over 0.90, and its accuracy and specificity are similar to those of the imaging features model. Unlike previous studies, in addition to using the AUC for each model evaluation, the DeLong test was also conducted in this study. The study showed that the nomogram not only has a higher AUC but also a higher diagnostic efficacy than both laboratory and clinical models (p < 0.05). In addition, although the nomogram had a slightly higher AUC than the imaging features model, the difference was not statistically significant (p > 0.05). This indicates that the discrimination efficiency of the imaging features model is not lower than that of the nomogram. However, the indicators of the imaging features model are complex and easily influenced by subjective factors. In contrast, the nomogram includes only five indicators, which are simple and easily accessible. Therefore, we believe that the nomogram can simplify the indicators and improve diagnostic efficiency while maintaining high diagnostic efficacy.

Compared with Zhang’s study, our nomogram did not incorporate endoscopic features, which may explain the slightly lower AUC of the model. However, the AUC of our nomogram was slightly higher than Yang’s study and had higher sensitivity and accuracy. More importantly, compared to Zhang’s differential model that incorporated nineteen variables, we used five features to obtain a model with similar efficacy, simplifying the process of differential diagnosis. In addition, unlike the calibration curves plotted by Yang et al., we used the Bootstrap method to plot calibration curves after 1,000 sampling of data from Center 1, and the results showed that the calibrated nomogram still had good consistency and stability. Also, in this study, the patient benefit of each model was examined by DCA curves, and the study showed that the nomogram had the highest net benefit of all models in most of the threshold ranges in both cohorts. Finally, our study added data from Center 2 as an external validation cohort to comprehensively evaluate the performance of the nomogram. In the external validation cohort, the nomogram had a sensitivity of 0.945, accuracy and specificity of 0.86 and 0.79, respectively, and an area under the ROC curve of 0.921. The nomogram in this study contains simple and easily accessible indicators and features that may provide greater diagnostic value for rassroots hospital.

In clinical practice, PIL and CD may lead to misjudgment by clinicians due to similar clinical symptoms and endoscopic presentation. Kammal et al. (16) published a case report of misdiagnosis of NK/T-cell lymphoma as Crohn’s disease in 2019. However, the treatment of PIL is quite different from CD. PIL advocates for radiotherapy while CD mostly opts for drug therapy. Misdiagnosis or delayed diagnosis of the disease may lead to complications that may affect the patient’s prognosis. Therefore, in practice, when non-specific clinical symptoms and pathologic examination cannot accurately distinguish PIL from CD, the nomogram can provide physicians with new diagnostic ideas based on clinical symptoms and imaging signs to better distinguish PIL from CD. Especially in primary hospitals where pathology and diagnostic imaging capabilities are inadequate, a simple nomogram can be used to assist in the diagnosis of PIL when it is difficult to differentiate it from CD. Finally, we can collect feedback on the diagnostic accuracy and more valuable distinguishing features of each hospital to continuously optimize the nomogram. A better model can be built based on a larger sample size.

This study has some limitations. Firstly, the sample size of the study was small, which may be related to the low prevalence of PIL and CD. The nomogram we developed needs further validation and modification. Secondly, this is a retrospective study, and the missing data and the different scanning machines maybe affect the accuracy of the model. In addition, our collection of PIL patients included multiple pathological types. In the future, we look forward to exploring the differences between different subtypes of PIL and CD.

In conclusion, we explored a nomogram based on clinical data and CT images to easily and effectively distinguish PIL from CD. It is expected to provide valuable clues for clinical diagnosis and treatment.
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