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Abstract
Inflammatory bowel disease (IBD) represents a major global health concern, signi-
ficantly impacting patient quality of life and healthcare systems. Mucosal and his-
tological healing have emerged as key therapeutic targets, offering better long-
term outcomes compared with previous targets. However, accurate disease asse-
ssment remains challenging because of interobserver variability and inconsis-
tencies between endoscopic and histological findings. Artificial intelligence (AI) is 
transforming IBD care by enhancing the precision and reproducibility of disease 
evaluation. This review provided a structured synthesis of AI applications in IBD, 
organized by diagnostic, histological, and therapeutic domains, and highlighted 
comparative model performance such as machine learning classifiers (random 
forest, support vector machine) and deep learning models (convolutional and 
recurrent neural networks) with reported accuracy between 80% and 97% and 
areas under the curve ranging from 0.74 to 0.99. Beyond summarizing existing 
tools, the review emphasized the ability of AI to reduce diagnostic variability, 
improve early prediction of therapeutic response, and streamline clinical work-
flows. These advancements support a shift toward personalized treatment strate-
gies and more efficient care delivery. Additionally, we outlined the expanding 
role of AI in clinical trials in which it supports patient stratification, endpoint 
prediction, and automated data integration.
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Core Tip: This review focused on the integration of artificial intelligence (AI) in inflammatory bowel disease management, 
highlighting its applications in diagnostics, surveillance, treatment management, and clinical trial optimization. AI enables 
more accurate, objective, and timely evaluations of endoscopic, histological, and clinical data. By synthesizing recent 
advances the article emphasized the potential of AI to enhance personalized medicine and support real-time decision-
making. Despite promising developments challenges remain regarding standardization, validation, and ethical concerns. This 
comprehensive overview outlined future directions to ensure the safe and effective implementation of AI in routine inflam-
matory bowel disease care.
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INTRODUCTION
Inflammatory bowel diseases (IBD) represent complex conditions, characterized by heterogeneous and recurrent 
phenotypes with particularities due to the variable impact of underlying pathogenic mechanisms[1,2]. Due to the mul-
tifactorial etiology, the diagnosis of IBD is considered highly complex, relying on multiple investigations that involve 
significant variability in result interpretation closely related to the training and experience of the observers[3,4].

Artificial intelligence (AI) was first described in the 1950s with limited early technological models, which prevented 
their widespread adoption in medicine. With the development of deep learning (DL) techniques in the early 2000s, there 
have been substantial improvements[5]. Figure 1 provides an overview of the evolution of AI technologies.

Therefore, a new research concept has been encouraged, focused on the development of computer-aided diagnostic 
(CAD) tools that rapidly process and integrate large amounts of data, offering the possibility to improve the holistic 
management of endoscopic, histological, or imaging results. By eliminating inconsistencies associated with potentially 
subjective scoring systems and optimizing the organization of data used to accurately characterize information rela-
tionships based on clinical outcomes, these tools support the development of predictive models[6,7].

In this context the AI-based approach has become a promising reality in gastroenterology for the identification of new 
biomarkers with diagnostic or prognostic potential and for providing decision support that has favored the imple-
mentation of personalized interventions for the advancement of precision medicine[8-10].

Currently, AI includes a wide range of computational models that address various areas, including the extraction of 
information from complex data sets, natural language processing (NLP) for interpreting clinical text, machine learning 
(ML) with constantly improved performance through the rapid integration of specifications provided by operators, and 
the application of DL that involves the use of complex algorithms, such as artificial neural networks or convolutional 
neural network (CNN), designed to establish statistical associations between variables used to adjust behaviors and 
establish predictions[11-13].

The implementation of AI has influenced medical practice in recent years, allowing the storage and structured 
organization of data for an accurate characterization of relationships based on clinical outcomes and the development of 
high-performance models for predicting future events. Moreover, the emergence of AI has provided a new perspective on 
understanding the pathophysiological mechanisms involved in IBD[6].

This review provided a structured synthesis of AI applications in IBD, organized by diagnostic, histological, and 
therapeutic domains, and it outlined the expanding role of AI in clinical trials in which it supports patient stratification, 
endpoint prediction, and automated data integration.

METHODOLOGY
This article presented a narrative, non-systematic review of the scientific literature identified through international 
databases such as PubMed, CrossRef, and ScienceDirect. The review period spanned from 2016 to 2025, reflecting recent 
advances in AI applied to the diagnosis and monitoring of IBD. The selection criteria focused on studies exploring the use 
of AI technologies, including ML, DL, and neural networks, aimed at improving endoscopic and histological assessment 
in the context of ulcerative colitis (UC) and Crohn’s disease (CD). Additionally, the review included studies addressing 
disease progression prediction, therapeutic response monitoring, and the optimization of clinical trial outcomes through 
the use of these advanced technologies.

AI-ASSISTED ENDOSCOPIC EVALUATION IN IBD
Currently, endoscopic and histological remission represent the main targets for assessing therapeutic efficacy in IBD. 
However, in clinical practice a lack of concordance between the two endpoints has been frequently observed. The 
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Figure 1 Overview of the chronological evolution of artificial intelligence technologies. AI: Artificial intelligence.

discrepancy is most likely due to significant interobserver variability and the subjective nature of human evaluation[7].
Several studies have questioned the reliability and consistency of colonoscopic examination, highlighting important 

limitations in the accurate analysis[14,15]. To support the implementation of precision medicine, the complexity of 
diagnosing IBD requires the involvement of professionals with up-to-date clinical knowledge and advanced endoscopic 
skills. When colonoscopic examinations are performed by trainees or healthcare providers with limited expertise, the risk 
of misclassification or incomplete assessment increases along with the potential for missed lesions. Addressing these 
shortcomings often necessitates repeat investigations, which generate additional costs and delay therapeutic decision-
making[16].

In recent years the integration of AI in the field of endoscopic imaging has stimulated the achievement of structural 
and functional goals that have improved the accuracy of diagnosis and reduced the necessity of invasive biopsies by 
discovering microscopic and molecular features that are imperceptible to the human eye[7,17]. As a result, AI has 
emerged as a promising tool, oriented towards achieving an objective and reproducible analysis with precise image 
interpretation for classifying and discriminating clinical phenotypes, risk stratification, and the prediction of complic-
ations[4].

Although endoscopic scoring systems are accessible to apply, they do not accurately reflect the degree of clinical 
severity within each image category and show significant interobserver variability. Recent studies that tested different DL 
models applying random forest and CNN for colonic video analysis reported superior performance [accuracy: 86.5%-
94.5%, area under the curve (AUC): 0.94-0.98] compared with expert assessment[18-21].

Subsequently, Stidham et al[22] confirmed the potential of a CNN model for classifying severity in UC (AUC = 0.966, 
sensitivity = 83.0%, specificity = 96.0%), and the results of the Mayo endoscopic score (MES) assessment were comparable 
with the agreement of experienced raters (κ = 0.840 vs κ = 0.860). Despite the high performance of the model, it had limita-
tions related to the subjectivity of the evaluators in assessing the endoscopic score, the lack of data from multiple centers, 
and the evaluation method using images and videos captured at high resolution, which did not reflect the technical con-
ditions in daily practice[22].

A recent meta-analysis that included 12 clinical trials highlighted the advantage of using a CNN to identify mucosal 
healing in still endoscopic images (sensitivity = 0.91, specificity = 0.89) and videos (sensitivity = 0.86, specificity = 0.91) in 
patients with UC[23]. Furthermore, the integration of AI into the analysis of these images improved the detection of 
restoration of intestinal mucosal vascularization, which is a predictor of relapses in the next 12 months[3].

The construction of a computer algorithm based on pixel integration allowed the definition of a red density score that 
was applied to identify patterns in endoscopic imaging in patients with UC. A red density score value below 60 was 
associated with the recognition of histological remission (AUC = 0.950, sensitivity = 96.0%, specificity = 80.0%) with the 
results being strongly correlated with Robarts histologic index (RHI) (r = 0.74, P < 0.0001), MES (r = 0.76, P < 0.0001), and 
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UC endoscopic index of severity (UCEIS) (r = 0.74, P < 0.0001). However, several limitations may hinder the generali-
zability of the findings. First, the data were collected from a reduced number of patients all enrolled at a single tertiary 
center. Additionally, the progressive inclusion of patients at different disease stages resulted in a heterogeneous cohort, 
which may have impacted the robustness of the statistical analysis[24].

Promoting accurate management in IBD involves an objective assessment based on the association between endoscopic 
and histological examination, which is particularly useful for monitoring response and predicting clinical evolution. In 
this context Takenaka et al[25] created a deep neural network (DNN) for UC, which achieved excellent results (accuracy = 
92.9%, sensitivity = 92.4%, specificity = 93.5%) to detect histological inflammation in colonic videos, excluding the need 
for biopsy samples. The evidence of a significant correlation between DNN for UC and examiners for UCEIS (κ = 0.917) is 
an argument supporting the advantage of implementing AI in clinical studies to eliminate subjective interpretations. 
Although the score showed an excellent performance, the classification regarding the most severe lesion may influence 
the results and the interpretation of the algorithm. Hence, further multicentric studies are required for external validation
[25].

Standardization of image acquisition is essential for training algorithms that reflect clinical scenarios. The quality of the 
examination could be improved by automated analysis of video recordings, facilitating the exclusion of low-quality data
[26]. Since most studies focus on static images, selection bias frequently occurs. This has led to a new video-based 
approach to improve the reliability of the results. As a result, Yao et al[27] developed a CNN applied to unedited video 
frames to remove low-resolution images, allowing accurate differentiation between remission (MES: 0-1) and active 
disease (MES: 2-3) with an achieved accuracy of 83.7%[27]. AI improved the quality of the procedure by reducing 
sampling errors, optimizing photo documentation, preventing missing blind spots, and targeting areas of maximum 
interest. The WISENSE system was developed using the methods of CNN and DL to significantly reduce the rate of dead 
spots in endoscopic videos compared with the control group (5.86% vs 22.46%, P < 0.001) with an accuracy of 94.4%[28]. 
Therefore, ML algorithms could alert the endoscopist in real time regarding the necessity to re-evaluate the patient when 
lower quality videos are detected or when inadequate colonic coverage occurs due to rapid scope withdrawal during the 
examination[29].

The application of AI in clinical trials is not limited to improving the analysis and interpretation of video images. The 
integration of a recurrent neural network for the automatic classification and scoring of endoscopic severity in patients 
with UC, determined increased rates of agreement with physician expertise for MES (κ = 0.844) and UCEIS (κ = 0.855), 
helping to standardize the results. In addition, the more accurate classification of disease progression ensures rapid 
detection and intervention to reduce the risk of colorectal cancer associated with IBD[30].

The definition of new scoring systems focused on the distribution and extent of intestinal inflammation detected 
through AI-assisted colonoscopy offers the advantage of achieving a more detailed profile of disease activity. In the 
UNIFI study the introduction of a cumulative disease score generated by an ML algorithm for computerized evaluation of 
endoscopic videos in patients with UC receiving ustekinumab as induction and maintenance therapy more accurately 
quantified mucosal damage compared with MES (Hedges’ g = 0.743 vs 0.460)[31].

Capsule endoscopy represents a complex investigation in clinical practice due to the abundance and diversity of visual 
data contained in video recordings that may exceed the perceptual acuity of the human eye[3]. By eliminating the 
clinicians subjectivity, the implementation of AI represents a significant role in optimizing the interpretation of images 
obtained by this investigation in patients with CD, helping to achieve excellent differentiation between strictures and 
normal mucosa (AUC = 0.989, accuracy = 93.5%), complemented by an objective classification of mild (AUC = 0.992), 
moderate (AUC = 0.750), and severe ulcerative lesions (AUC = 0.889). However, potential misleading information may be 
influenced by the large image dataset and the absence of temporal dynamics due to using still frames. Moreover, the 
study included only patients with confirmed bowel patency thus underrepresenting severe strictures and a lack of 
generalizability[32].

On the other hand, the combination of capsule endoscopy with DL techniques was found to be competitive (AUC = 
0.860, accuracy = 81.0%, sensitivity = 75.0%, specificity = 84.0%) for predicting the need for biologic therapy in patients 
newly diagnosed with CD, outperforming fecal calprotectin (AUC = 0.740) and human assessments (AUC = 0.700). 
Possible disadvantages include the reduced sample size and the heterogeneity of the decision-making process regarding 
biologic therapy initiation, influenced by diverse clinical factors and individual preferences. Therefore, they may com-
promise the robustness of the conclusions. Furthermore, the predominance of patients with mild disease limits the 
generalizability of the findings and robustness of the conclusions[33].

Finally, the results of a multicenter study concluded that the application of a DL algorithm for the automatic selection 
and processing of relevant capsule endoscopy images significantly reduced the duration of the evaluation to a median 
review time of 3.2 minutes while maintaining high interobserver concordance for the diagnosis of CD (κ = 0.910), UC (κ = 
0.780), and IBD (κ = 0.920)[34].

Confocal laser endomicroscopy (pCLE) represents an emerging technique, addressed for the in vivo assessment of 
histological activity and intestinal barrier permeability by enabling real-time visualization and characterization of the 
extension and the inflammatory infiltrate. This approach reduces the need for invasive biopsies to discriminate between 
clinical phenotypes and predict progression. Although it is considered a promising tool, it requires specific training and 
qualification of endoscopists to accurately interpret the fluorescence-enhanced images[7,35].

Recently, Iacucci et al[36] developed a computerized model for the quantitative in vivo analysis of pCLE images based 
on the binding of fluorescent molecules at the time of initiation of biologic therapy. This approach allowed the validation 
of vascular alterations (AUC = 0.930, precision = 85.0%), crypt area (AUC = 1.000, precision = 90.0%), and crypt eccent-
ricity (AUC = 0.810, precision = 80.0%) as the most important predictors of therapeutic response in patients with UC. 
Interpretation of the results was restricted due to the reduced sample size and the selection of patients treated primarily 
with anti-tumor necrosis factor (TNF), limiting applicability to other therapeutic classes. The lack of standardized 
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protocols for fluorescein labeling and difficulties with immunofluorescence analysis may affect data reproducibility. In 
addition, the practical application is hampered by the high cost and the need for advanced training for the use of pCLE. 
However, AI-assisted analysis may standardize image interpretation and reduce subjectivity in the future[36].

Computerized analysis of images obtained through pCLE provides more reliable and real-time results regarding the 
assessment of deep mucosal healing without the necessity for advanced training of medical personnel[37]. On the other 
hand, it was found that the implementation of a CAD system for in vivo microscopic investigation of the intestinal mucosa 
using endocytoscopy in patients with UC offered an increased accuracy in identifying persistent histological inflam-
mation (Geboes score ≥ 3) with a perfect reproducibility (k = 1.000) compared with the assessments of experienced 
pathologists[38].

Because AI-assisted endoscopic imaging provides a much more precise assessment of intestinal mucosal healing, it has 
a considerable contribution in improving IBD management, becoming a frequently integrated tool in clinical trials due to 
its accelerating potential for standardization and promising results for monitoring evolution and predicting therapeutic 
response[39]. However, further validation of the association of endoscopy with AI in multicenter studies is necessary to 
obtain significant clinical outcomes for patients. Table 1 presents a summary of the developed AI models for endoscopic 
evaluation in IBD[40-61].

AI IN HISTOPATHOLOGICAL EVALUATION OF IBD
In recent years histological healing has emerged as a new therapeutic target associated with a reduced risk of relapse in 
patients with IBD. Although histopathological examination represents a key role in confirming the diagnosis, it remains 
invasive and time-consuming[62]. The European Crohn’s and Colitis Organization has proposed over 30 scores for 
classifying histological activity; however, their application in clinical practice is difficult due to a subjective and 
inconsistent interpretation that limits the comparison and reproducibility of results, which may impact therapeutic de-
cisions[62,63].

AI is considered a tool with the potential to enhance the diagnostic accuracy of biopsy specimens, focusing on the 
objective detection and characterization of specific histological features under standardized conditions, thus improving 
the assessment of inflammation and healing of the intestinal tract. Traditional histological examination is laborious and 
requires a long time for sample processing. In contrast AI systems have been observed to significantly reduce the time for 
evaluation, making them ideal when handling a large number of biopsies. Furthermore, by automating early detection, 
quantifying histological features, and combining them with clinical, laboratory, and imaging results, these tools help 
physicians make rapid decisions that optimize therapeutic strategies for the implementation of personalized medicine
[12].

The integration of digitalized histological slides has enabled the acquisition of high-resolution images while the 
automated quantification of scoring systems that characterize the evolution of these diseases considerably reduced the 
examination time and reliance on human observer expertise compared to traditional histopathology[64,65]. Another 
opportunity associated with the implementation of AI algorithms in medical practice refers to the assistance provided to 
pathologists in identifying areas of interest in each biopsy sample[66].

The first attempt to develop a DL algorithm for quantifying eosinophil density in colonic biopsies of active UC, con-
firmed by the Geboes score and RHI, led to the definition of a histological score that provided strong concordance with 
manual eosinophil count performed by pathologists[20]. Similarly, the implementation of a CNN model for the identi-
fication and quantification of neutrophils and plasma cells in whole-slide images achieved impressive accuracy for 
assessing disease severity and predicting histological remission in patients with UC. Using a random forest classifier, 
based on 13 features derived from tissue and cellular patterns, the Nancy histological index (NHI) values produced by 
the model showed strong agreement with expert pathologists (κ = 0.910, P < 0.001)[67]. However, the model is strictly 
limited to assessing the severity of the disease and does not detect other architectural distortions. Additionally, it does not 
take into account variation between fragments and has a reduced performance in detecting low disease activity (NHI: 0-1)
[68].

Using a DL model based on a CNN architecture, Gui et al[69] developed the Paddington international virtual chro-
moendoscopy score (PICaSSO) histologic remission index (PHRI), defined by the presence or absence of neutrophils in 
the lamina propria and intestinal epithelium. The implementation of this index demonstrated remarkable potential in 
distinguishing active from inactive UC with strong agreement between AI and human pathologists (κ = 0.840, P < 0.001)
[69].

Subsequently, the validation of PHRI was performed on digitized biopsies using a CNN-visual geometry group 16 
model that differentiated normal from inflamed intestinal mucosa with greater accuracy than conventional histological 
(RHI and NHI) and endoscopic (UCEIS and PICaSSO) scores. The hazard ratio for the exacerbation of the disease 
according to PHRI between the biopsy samples of the groups with histological remission was better for the assessment by 
AI compared with the pathologist (4.64 vs 3.56). However, the implementation of the score in digital pathology remains 
limited as it does not accurately discriminate between different degrees of inflammatory severity and does not detect the 
presence of dysplastic changes[70,71].

Mucin depletion represents an important predictor of relapse risk in patients with UC in clinical and endoscopic 
remission. However, the quantitative assessment presented a considerable interobserver variability. This limitation was 
assessed by Ohara et al[72] by introducing a DL model capable of automatically measuring mucus areas, reporting a 
higher risk of relapse in patients with goblet cell depletion compared with those without (45.0% vs 6.5%, P < 0.010)[71]. 
Furthermore, the authors enhanced the AI system by introducing semantic segmentation and object detection models for 
the localization and quantification of neutrophils in whole-slide images of the epithelium and lamina propria. This 
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Table 1 Role of artificial intelligence-based endoscopy in the evaluation of patients with inflammatory bowel diseases

Ref. Disease/number 
of patients Type of study Endoscopic 

technique

Number 
of training 
samples

Number of 
test 
samples

AI/model Main findings

Stidham et al
[22]

UC/3082 patients Retrospective, 
single center

WLE 14862 
images

1652 images DL-CNN Discriminating ER (MES ≤ 1) from 
moderate-severe disease (MES ≥ 2) 
(AUC = 0.966, sensitivity = 83.0%, 
specificity = 96.0%). AI and 
pathologist agreement (κ = 0.840 vs 
κ = 0.860)

Maeda et al
[38]

UC/187 patients Retrospective, 
single center

Endocytoscopy 12900 still 
images

525 
segments

CAD Prediction of HR (GS ≥ 3.1) 
(sensitivity = 74.0%, specificity = 
97.0%, precision = 91.0%, κ = 1.000)

Ozawa et al
[40]

UC/955 patients Retrospective, 
single center

WLE 26304 still 
images

3981 still 
images

CAD-CNN AI performance for mucosal healing 
(MES ≤ 1, AUC = 0.980)

Takenaka et al
[25]

UC/875 patients Prospective, 
single center

WLE 40789 still 
images

4187 still 
images

DNUC Evaluation of ER (UCEIS ≤ 2) 
(accuracy = 90.1%, ICC = 0.917). 
Evaluation of HR (GS < 3.1) 
(accuracy = 92.9%, κ = 0.859)

Bossuyt et al
[41]

UC/35 patients Prospective, 
multicenter

Prototype 
endoscope

NR NR CAD RD for endoscopic/histological 
inflammation: Correlation with MES 
(r = 0.76), UCEIS (r = 0.74), RHI (r = 
0.74). RD score (≤ 60) predicts HR 
(AUC = 0.950, sensitivity = 96.0%, 
specificity = 80.0%)

Yao et al[27] UC/157 patients Prospective, 
multicenter

WLE NR 264 videos 
of high 
resolution

DL-CNN The still image informative classifier 
had excellent performance 
(sensitivity = 0.902, specificity = 
0.870). Correct prediction of MES: 
78% of videos (κ = 0.840)

Gottlieb et al
[30]

UC/249 patients Prospective, 
multicenter

WLE 629 videos 157 videos RNN Endoscopic healing evaluation 
according to UCEIS (accuracy = 
97.0%) and MES (accuracy = 95.5%). 
Agreement of the model with 
human experts for MES (QWK = 
0.844) and UCEIS (QWK = 0.855)

Bossuyt et al
[42]

UC/58 patients Prospective, 
single center

SWE NR 113 still 
images

CAD AI algorithm yielded better HR 
accuracy (86.0%) than MES (74.0%) 
or UCEIS (79.0%)

Huang et al
[43]

UC/54 patients Retrospective, 
single center

Endoscopy HD 600 still 
images

256 still 
images

DNN, 
SVM, k-NN

Performance of the combined model 
for differentiation between MES ≤ 1 
and MES  2 (AUC = 0.927, accuracy 
= 94.5%, sensitivity = 89.2%, 
specificity = 96.3%)

Takenaka et al
[44]

UC/770 patients Prospective, 
multicenter

WLE NR NR DNUC Prediction of HR (sensitivity = 
97.9%, specificity = 94.6%). 
Agreement between the DNUC and 
experts for endoscopic assessment 
(ICC = 0.927)

Patel et al[45] UC/73 patients Prospective, 
single center

Endoscopy HD 55 video 
images

18 video 
images

MLA Differentiation between: Remission 
(UCEIS: 0-1) and active inflam-
mation (UCEIS ≥ 2) (accuracy = 
90.0%, κ = 0.900); Mild (UCEIS: 2-3); 
And moderate-to-severe inflam-
mation (UCEIS ≥ 4) (accuracy = 
98.0%, κ = 0.960)

Kim et al[19] UC/492 patients Retrospective, 
single center

WLE 904 still 
images

80 still 
images

DL-CNN Difference between MES 0 vs MES 1: 
Internal test. IBD experts (F1 score = 
0.92, AUC = 0.970); External test. 
Hyper Kvasir dataset (F1 score = 
0.89, AUC = 0.860)

Polat et al[20] UC/564 patients Retrospective, 
single center

WLE 11276 still 
images

1658 still 
images

DL-CNN Excellent concordance between the 
five CNN networks and 
endoscopists for: MES evaluation 
(QWK: 0.847-0.854); And classi-
fication of remission cases (QWK: 
0.834-0.852)
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Wang et al[21] UC/308 patients Retrospective, 
single center

WLE 37515 still 
images

3191 still 
images

CNN Diagnosis of ER (MES ≤ 1) (AUC = 
0.980, accuracy = 95.1%, sensitivity 
= 92.9%, specificity = 95.4%, κ = 
0.884)

Iacucci et al
[46]

UC/283 patients Prospective, 
multicenter

WLE, VCE 239 video 
images; 245 
video 
images

242 video 
images; 244 
video 
images

CNN Detection of ER using VCE 
(PICaSSO ≤ 3) (AUC = 0.940, 
sensitivity = 79.0%, specificity = 
95.0%, κ = 0.730) achieved better 
performance than WLE (UCEIS ≤ 1) 
(AUC = 0.850, sensitivity = 72.0%, 
specificity = 87.0%, κ = 0.510)

Byrne et al[47] UC/NR Prospective, 
single center

HD endoscopy 134 video 
images

NR DL-CNN Performance for disease severity 
discrimination: MES ≤ 1 vs MES ≥ 2 
(AUC = 0.941, accuracy = 94.0%, 
sensitivity = 96.7%, specificity = 
91.3%, QWK = 0.880); UCEIS ≤ 3 vs 
UCEIS > 3 (AUC = 0.936, accuracy = 
94.0%, sensitivity = 93.9%, 
specificity = 93.4%, QWK = 0.870)

Stidham et al
[31]

UC/748 patients Prospective, 
multicenter

WLE NR NR ML CDS had better performance for 
detecting endoscopic changes than 
MES (Hedges’ g: 0.743 vs 0.460, P < 
0.001)

Takabayashi 
et al[48]

UC/812 patients Retrospective, 
multicenter

WLE 14208 still 
images

13826 still 
images

CNN Disease severity grading-correlation 
between: UCEGS and MES (ρ = 
0.890, P < 0.001); UCEGS and IBD 
experts (ρ: 0.960-0.987, P < 0.001)

Ogata et al[49] UC/110 patients Prospective, 
single center

WLE 74713 still 
images

11452 still 
images

CNN Performance for evaluation ER 
based MES (sensitivity = 96.9%, 
specificity = 78.4%, accuracy = 
93.4%). Interobserver/intraob-
servator agreement with 
AI/without AI (ICC: 0.84-0.86/0.89 
vs 0.64-0.76/0.76)

Sinonquel et al
[50]

UC/36 patients Prospective, 
single center

SWE NR NR CAD Histological assessment using SWE-
CAD (sensitivity = 96.1%, specificity 
= 85.5%, accuracy = 96.4%). The 
accuracy of classification into mild, 
moderate, and severe disease was 
97.7%, 62.8% and 95.0%, 
respectively

Aoki et al[51] CD/131 patients Retrospective, 
single center

CE 5360 
images

10440 
images

CNN Ulcer recognition in small bowel 
video frames (AUC = 0.958, 
sensitivity = 88.2%, specificity = 
90.9%, accuracy = 90.8%)

Klang et al[52] CD/49 patients Retrospective, 
single center

CE 14112 
images

3528 images DL-CNN Increased performance in ulcer 
detection (AUC = 0.990, accuracy: 
95.4%-96.7%)

Klang et al[32] CD/145 patients Retrospective, 
single center

CE 27892 
images

1449 images DNN Performance for: Stricture detection 
(AUC = 0.971, accuracy = 93.5%); 
Differential diagnosis between 
strictures and normal mucosa (AUC 
= 0.989); Discrimination between 
strictures and ulcers (AUC = 0.942)

Barash et al
[53]

CD/49 patients Retrospective, 
single center

CE 1242 
images

248 images CNN Ability of ulcerative lesion classi-
fication: Grade 1 vs 3 (AUC = 0.958, 
accuracy = 91.0%, κ = 0.910); Grade 
2 vs 3 (AUC = 0.939, accuracy = 
79.0%, κ = 0.790); Grade 1 vs 2 (AUC 
= 0.565, accuracy = 62.4%, κ = 0.670)

Majtner et al
[54]

CD/38 patients Retrospective, 
single center

CE 5421 
images

1549 images DL Performance in ulcer detection 
(sensitivity = 95.7%, specificity = 
99.8%, accuracy = 98.4%). 
Agreement between the model and 
manual reading of ulcerations (κ = 
0.720)

Udristoiu et al
[55]

CD/54 patients Retrospective, 
single center

pCLE 5081 
images

1124 images CNN Differentiation between inflam-
mation and intact colonic mucosa 
(AUC = 0.980, accuracy = 95.3%, 
specificity = 92.8%, sensitivity = 
94.6%)
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de Maissin et 
al[56]

CD/63 patients Retrospective, 
multicenter

CE 2449 
images

700 images RNN Performance for discriminating 
pathological vs non-pathological 
images (accuracy = 93.7%, 
sensitivity = 93.0%, specificity = 
95.0%, κ = 0.790)

Ribeiro et al
[57]

CD/124 patients Retrospective, 
multicenter

CE 37319 
images

124 images CNN Identification of colonic ulcerations 
and erosions (AUC = 1.000, 
accuracy = 99.6%, sensitivity = 
96.9%, specificity = 99.9%)

Ferreira et al
[58]

CD/NR Retrospective, 
multicenter

CE 19740 
images

4935 images DL-CNN Performance of the model for lesion 
detection (sensitivity = 90.0%, 
specificity = 96.0%, precision = 
97.1%, accuracy = 92.4%)

Afonso et al
[59]

CD/NR Retrospective, 
single center

CE 4904 
images

1226 images CNN Detection of ulcers and erosions in 
the small intestine mucosa (accuracy 
= 95.6%, sensitivity = 90.8%, 
specificity = 97.1%)

Martins et al
[60]

CD/250 patients Retrospective, 
single center

DAE 250 DAE 
images

6772 images CNN Identification of colonic ulcerations 
and erosions (AUC = 1.000, 
accuracy = 98.7%, sensitivity = 
88.5%, specificity = 99.7%)

Brodersen et 
al[34]

CD/131 patients Prospective, 
multicenter

CE NR NR DL The identification capacity for CD 
(sensitivity: 92.0%-96.0% and 
specificity: 90.0%-93.0%) and IBD 
(sensitivity: 97.0% and specificity: 
90.0%-91.0%)

Xie et al[61] CD/628 patients Retrospective, 
single center

DBE NR 28155 
images

DL The accuracy for detection of ulcers 
(96.3%), inflammatory stenosis 
(95.7%), and non-inflammatory 
stenosis (96.7%). The grading of 
ulcers based on surface area, size, 
and depth (precision between 85.2% 
and 87.8%)

AI: Artificial intelligence; CAD: Computer-aided diagnosis; CD: Crohn’s disease; CE: Capsule endoscopy; CNN: Convolutional neural network; DAE: 
Device-assisted enteroscopy; DBE: Double-balloon endoscopy; DL: Deep learning; DNUC: Deep neural network for evaluation of ulcerative colitis; HD: 
High definition; NR: Not reported; pCLE: Probe-based confocal laser endomicroscopy; SWE: Single-wavelength endoscopy; WLE: White-light endoscopy; 
VCE: Virtual chromoendoscopy; UC: Ulcerative colitis; k-NN: K-nearest neighbor network; RNN: Recurrent neural network; SVM: Support vector 
machine; ML: Machine learning; MLA: Machine learning algorithm; ER: Endoscopic remission; MES: Mayo endoscopic score; AUC: Area under the curve; 
GS: Geboes score; HR: Histological remission; UCEIS: Ulcerative colitis endoscopic index of severity; ICC: Intraclass correlation coefficient; RD: Red 
density; RHI: Robarts histological index; QWK: Quadratic weighted kappa; PICaSSO: Paddington international virtual chromoendoscopy score; IBD: 
Inflammatory bowel disease; UCEGS: Ulcerative colitis endoscopic gradation scale; CDS: Cumulative disease score; DNN: Deep neural network.

advancement improved the performance of deep remission assessment. In addition, the two AI-based histological scores, 
PICaSSO and NHI, were positively correlated with pathologists’ diagnoses (Spearman’s ρ = 0.68-0.80, P < 0.050), being 
associated with an increased risk of relapse in patients with UC (hazard ratio: 3.2-5.0, P < 0.010)[72].

Using automatic image processing algorithms, the severity of histological activity in patients with UC was assessed 
based on NHI, resulting in a performance comparable with expert pathologists (intraclass correlation coefficient = 87.2%) 
and eliminating subjectivity while also ensuring the reproducibility of the results. However, it is subject to certain 
limitations, including potential bias during the initial labeling phase and the requirement for a large image dataset. 
Furthermore, the use of partial image tiles instead of full-slide images may impact the accuracy of the scoring process[73].

The development of a DL model, based on the use of the StarDist algorithm for digitized analysis of biopsy images, 
achieved an automatic quantification of basal plasmacytosis, which was shown to be a key feature for discriminating 
between IBD and normal non-IBD mucosa (odds ratio = 4.968, 95% confidence interval: 1.835-14.638) with a precision 
similar to human experts (90.0%) and reduced subjectivity and evaluation time. However, the decreased number of 
patients might limit the generalizability of the results with a possible compensation due to a large number of biopsies per 
patient[74].

Most AI applications have predominantly focused on classifying disease activity, assessment standardization, and 
clinical outcome stratification, mainly in patients with UC[68]. In contrast research efforts in CD have focused on the 
development of DL systems that aim at the anticipation of therapeutic response and postoperative evaluation. Although 
AI applications in UC have recorded a continuous upward trend, the interpretation of histological results in CD has 
remained insufficiently covered[75]. This is caused by segmental and transmural involvement of the intestine, com-
plicating the standardization, training, and implementation of an AI algorithm to establish the inflammatory activity[20]. 
Although numerous histological scores for CD have been proposed in recent years that differ depending on the number 
or type of segments examined and their microscopic characteristics, they have not been accepted for use in clinical 
practice due to the lack of validation[64].
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The first DL analysis of histological images in patients with CD identified adipocyte shrinkage and mast cell infiltration 
as the main predictors, achieving high accuracy (AUC = 0.995) for forecasting postoperative recurrence[76]. More 
recently, a DL system using a CNN was validated to assess the severity of histological lesions in the myenteric plexus 
(AUC = 0.958, sensitivity = 90.6%, and specificity = 85.8%) and the muscle layer (AUC = 0.966, sensitivity = 92%, and 
specificity = 89%) in patients with CD. By including clinical data, the construction of a multitask model provides the 
prediction of the risk of postoperative recurrence (AUC = 0.980) for establishing potential strategies to improve long-term 
outcomes[77].

The quantitative approach achieved with these models surpasses traditional qualitative histology based solely on 
visual inspection, allowing for a much more precise assessment of the healing process and real-time adjustments of the 
therapeutic strategy to achieve sustained remission. Table 2 summarizes the developed AI models for histological eva-
luation in IBD[78,79].

AI APPLICATIONS IN THERAPEUTIC MONITORING AND OUTCOME OPTIMIZATION IN IBD
The continuous expansion of AI implementation has revolutionized IBD management, enabling a targeted treatment 
approach based on clinical phenotype. Therefore, it facilitates the prevention of loss of response and identifies patients 
requiring early intervention to avoid disease progression[8,80]. Traditional methods used to define prognoses in IBD rely 
on statistical regression models, which are limited in their ability to analyze complex data sets involving repeated mea-
surements[81].

The application of AI has promoted overcoming these limitations, offering the ability to adapt interactively as new 
information becomes available[5]. ML and NLP represent objective and consistent applications, trained on the extraction 
of data from electronic medical records with the potential to stratify patients based on the dynamic identification of 
different patterns associated with clinical and biological variables[82].

Despite the complex architecture of the AI algorithm, achieving meaningful benefits is not a guaranteed paradigm, 
depending on the quality of the training data[5]. Recent advancements have increased the performance of these models 
for providing real-time information that ensures pharmacovigilance compliance and increases adherence among patients 
with IBD[3].

One of the earliest applications represented longitudinal monitoring of thiopurine administration in patients with UC. 
Compared with traditional testing of the metabolite 6-thioguanine nucleotide, ML algorithms built on the collection and 
integration of laboratory data and patient age proved superior discrimination between remission vs non-remission among 
users. The prediction of potential adverse events associated with these medications has generated clinical benefits, 
including a reduction in the surgical intervention rates, hospitalizations, and steroid prescription[83].

The absence or progressive decline in response to biologic therapies increases healthcare costs in IBD[84]. In this 
context computational analysis of multiple clinical and molecular signals represents a promising area for identifying 
patients who are likely to respond to biologic therapies, both in CD and UC[85].

In general vedolizumab administration leads to a slow onset of favorable outcomes in patients with UC. In contrast the 
implementation of an ML algorithm based on laboratory data obtained at the onset of clinical evaluation predicted the 
establishment of endoscopic corticosteroid-free remission within the following 12 months[86].

Another example is the endo-omics study, which demonstrated that CAD of in vivo pCLE images based on morpho-
logical vessel or crypt abnormalities and fluorescein leak detection predicted the efficacy of anti-TNF and anti-integrin α4
β7 therapy in patients with UC. In addition, CAD showed a strong association of fluorescein-labeled biologic therapy 
(infliximab and vedolizumab) on biopsy specimens with a better response in UC than in CD[36].

Recently, an extreme gradient boosting ML model, applied to a complex set of variables of UC patients (demographic 
and clinical data, physiological measurements, histology, serum biomarkers), improved the predictive accuracy of 
remission after induction therapy with etrolizumab. Using the SHapley Additive exPlanations (SHAP) algorithm, key 
factors were identified to support the optimization of future treatment strategies[87]. Similarly, the ML approach for 
defining the probability of non-response to ustekinumab based on the combination of demographic data with the mea-
surement of serum biomarkers (C-reactive protein and albumin) in the first weeks of clinical monitoring has proven to be 
valuable for reducing costs and improving CD management[88].

Although the use of anti-TNF-α therapy is effective in IBD, a significant number of patients do not develop a favorable 
response and are exposed to various side effects. In recent years AI has increased the safety and cost-effectiveness of this 
treatment to evaluate the clinical response and predict mucosal healing. Based on the integration of specific predictors, an 
ML model associated with the SHAP algorithm was designed and demonstrated excellent performance for discriminating 
responders vs non-responders[89]. Novel therapeutic targets proposed in the management of IBD have gone beyond 
clinical remission, focusing on mucosal healing[84].

The implementation of AI to enhance endoscopic evaluation is essential for predicting long-term clinical outcomes in 
patients with IBD, enabling physicians to make real-time treatment decisions[90]. In this context a DNN represents a 
consistent application for predicting this therapeutic target and reducing the risk of hospitalization or colectomy in 
patients with UC[44].

AI has become a field that has transformed and redefined clinical research, accelerating the development of novel 
therapeutic possibilities[26]. Hence, validation standards must be defined to ensure the credibility of these models and 
promote individualized therapeutic strategies to reduce the financial burden on healthcare systems[67]. Table 3 
summarizes the AI models developed for evaluating treatment response in IBD[91-94].
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Table 2 Artificial intelligence-enabled digital pathology for histological assessment in inflammatory bowel diseases

Ref. Disease/number 
of patients Type of study

Number of 
training 
samples

Number of 
test 
samples

AI/model Main findings

Vande 
Casteele et al
[66]

UC/88 patients Retrospective, 
single center

20 tissue 
regions 

88 biopsies DL Performance in identifying eosinophil counts: WSI 
(sensitivity = 86.4%, accuracy = 91.8%, F1 score = 
0.89); Strong agreement with four human experts 
(ICC: 0.805-0.917)

Gui et al[69] UC/307 patients Prospective, 
multicenter

97 biopsies 41 biopsies CAD-CNN Discrimination between HR (PHRI < 1) and non-
remission (PHRI ≥ 1) based on the presence of 
neutrophils (sensitivity = 78.0%, specificity = 91.7%, 
accuracy = 86.0%, ICC = 0.840)

Ohara et al
[71]

UC/114 patients Retrospective, 
single center

2300 WSIs 114 biopsies DL Rate of relapse higher for GCR ≤ 12% compared to 
GCR > 12% (45.0% vs 6.5%, P < 0.010)

Najdawi et al
[68]

UC/577 patients Retrospective, 
single center

512 WSIs 308 WSIs CNN-RFC HR prediction (NHI ≤ 1, accuracy = 97.0%) was 
comparable to expert pathologist assessments (κ = 
0.910, Spearman’s correlation ρ = 0.890, P < 0.010)

Iacucci et al
[70]

UC/273 patients Prospective, 
multicenter

118 biopsies 375 biopsies 
(1); 154 
biopsies (2)

CAD-CNN (1) Performance in distinguishing HR from active 
inflammation: RHI (AUC = 0.850, accuracy = 80.0%, 
sensitivity = 94.0%, specificity = 76.0%); NHI (AUC 
= 0.860, accuracy = 81.0%, sensitivity = 89.0%, 
specificity = 79.0%); PHRI (AUC = 0.870, accuracy = 
87.0%, sensitivity = 89.0%, specificity = 85.0%); and 
(2) The hazard ratio for disease recurrence according 
to PHRI was higher for AI assessment compared 
with pathologist evaluation (4.64 vs 3.56, P < 0.001)

Peyrin-
Biroulet et al
[73]

UC/NR Retrospective, 
single center

160 WSIs 40 WSIs CNN The average ICC between histopathologists and the 
AI tool for histological assessment based on NHI 
(ICC = 0.872)

Ohara et al
[72]

UC/96 patients Prospective, 
single center

11260 
patches

135 WSIs DL Histological evaluation based on neutrophil quanti-
fication in WSI (accuracy = 77.0%, F1 score = 79.0%). 
Prediction of histological scores (PHRI, NHI) by AI 
showed strong correlation with pathological 
diagnoses (Spearman’s ρ = 0.680-0.800, P < 0.050)

Klein et al[78] CD/105 patients Retrospective, 
single center

Biopsies NR Biopsies NR NNET Differentiation of clinical phenotypes (sensitivity = 
78.0%, specificity = 77.0%). Prediction of surgical 
intervention (sensitivity = 80.0%, specificity = 91.0%)

Kiyokawa et 
al[76]

CD/68 patients Retrospective, 
single center

619464 tile 
images

308705 tile 
images

CNN Adipocyte shrinkage and increased mast cell infilt-
ration in sub-serosal adipose tissue anticipate 
postoperative recurrence (AUC = 0.995, accuracy = 
96.9%, precision = 96.4%, sensitivity = 96.5%)

Wang et al
[77]

CD/205 patients Retrospective, 
multicenter

310 WSIs 278 WSIs DL-CNN Severity of myenteric plexitis (accuracy = 83.3%) and 
postoperative recurrence prediction (AUC = 0.980)

Rymarczyk et 
al[79]

UC/887 patients; 
CD/302 patients

Retrospective, 
multicenter

2696 
biopsies

800 biopsies RNN, FV + 
RF, SA-
AbMILP

SA-AbMILP for automated histological assessment 
of: GS: Accuracy: 65.0%-85.0% (κ = 0.440-0.680); 
GHAS: Colon accuracy: 80.0%-89.0% (κ = 0.540-
0.650); Ileum accuracy 65.0%-82.0% (κ = 0.460-0.670)

Furlanello et 
al[74]

IBD/52 patients Prospective, 
single center

4981 WSIs 356 biopsies DL Automated quantification of basal plasmacytosis 
discriminates IBD from non-IBD (accuracy = 90.0%)

AI: Artificial intelligence; CD: Crohn’s disease; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; NR: Not reported; WSI: Whole slide image; CNN: 
Convolutional neural network; CAD: Computer-aided diagnosis; DL: Deep learning; RFC: Random forests classifier; NNET: Neural network; RNN: 
Recurrent neural network; FV + RF: Fisher vector with random forest; SA-AbMILP: Self-attention-based multi-instance learning pooling; ICC: Interclass 
correlation coefficients; HR: Histological remission; PHRI: Paddington international virtual chromoendoscopy score histologic remission index; GCR: 
Goblet cell ratio; NHI: Nancy histological index; RHI: Robarts histologic index; AUC: Area under the curve; GS: Geboes score; GHAS: Global histological 
disease activity score.

APPLICATION OF AI IN CLINICAL TRIALS FOR IBD
Currently, AI has become an increasingly integrated component in the conduct of clinical trials applied in IBD with a 
remarkable capacity to optimize the various stages of the research process. These include simplifying participant rec-
ruitment to generate representative cohorts, improving trial design, and adopting high-performance criteria to ensure 
consistent evaluation, analyzing large volumes of data for precise phenotyping to predict response and discover new 
therapeutic targets[3,26].
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Table 3 Artificial intelligence-assisted prediction of therapeutic response in inflammatory bowel diseases

Ref. Disease/number of 
patients Study design Therapy AI/model Main findings

Waljee et al[91] UC/491 patients Retrospective, 
multicenter

VDZ ML-RF Long-term steroid-free ER prediction (AUC = 
0.730) using laboratory data from first 6 weeks 
of VDZ

Waljee et al[88] CD/401 patients Retrospective, 
multicenter

UST ML-RF Week 8 CRP/ALB ratio predicts UST non-
response (AUC = 0.780, sensitivity = 79.0%, 
specificity = 67.0%) vs baseline data (AUC = 
0.590, sensitivity = 63.0%, specificity = 64.0%)

Con et al[81] CD/146 patients Retrospective, 
single center

IFX, ADA DL-RNN AI model using CRP < 5 mg/L better predicts 
post-therapy remission than conventional model 
(AUC: 0.754 vs 0.659, P = 0.036)

Li et al[92] CD/174 patients Retrospective, 
single center

IFX ML-RF Response to IFX predicted by 
clinical/serological data (AUC = 0.900, accuracy 
= 85.0%, sensitivity = 81.0%, specificity = 94.0%)

He et al[93] CD/86 patients Retrospective, 
single center

UST ML UST response prediction based on HSD3B1, 
MUC4, CF1, and CCL11 expression (AUC: 0.734-
0.746)

Park et al[94] CD/234 patients Prospective, 
multicenter

anti-TNF ML The likelihood of a non-durable response 
associated with hyperexpression of DPY19 L3 (β 
= 2.703) and GSTT1 (β = 1.735), and decreasing 
NUCB1 concentration (β = -2.142)

Kellerman et al
[33]

CD/101 patients Retrospective, 
single center

ADA, IFX, VDZ DL- 
TimeSformer

Prediction of biologic initiation in newly 
diagnosed patients (AUC = 0.860, accuracy: 
81.0%-82.0%), outperforming human reader 
(AUC = 0.700) and FC (AUC = 0.740)

Iacucci et al[36] IBD/29 patients Prospective, single 
center

anti-TNF, anti-α
4β7

CAD pCLE-detected crypt/vessel abnormalities and 
fluorescein leakage predict therapy response in 
UC (AUC = 0.930, accuracy = 85.0%) and CD 
(AUC = 0.790, accuracy = 80.0%); better anti-
TNF prediction in UC (AUC = 0.830) than in CD 
(AUC = 0.580)

Stidham et al
[31]

UC/748 patients with 
induction; 348 patients 
with maintenance

Prospective, single 
center

UST CAD CDSs were significantly lower in UST vs placebo 
both at week 8 (141.9 vs 184.3, P < 0.0001) and 
week 44 (78.2 vs 151.5, P < 0.0001). Stratification 
by baseline CDS showed increased UST efficacy 
in patients with severe disease compared with 
mild disease (-85.0 vs -55.4, P < 0.0001)

Harun et al[87] UC/1684 patients with 
induction; 463 patients 
with maintenance

Prospective, 
multicenter

Etrolizumab ML-SHAP Remission prediction post-induction (AUC = 
0.740) and maintenance (AUC = 0.750) using 
combined demographic, clinical, physiologic, 
and histological data

Qiu et al[89] CD/746 patients Retrospective, 
single center

IFX ML-SHAP Response discrimination using integrated 
predictors (HB, WBC, ESR, ALB, PLT, age at 
diagnosis, Montreal classification) (training set 
AUC = 0.910, si-test set AUC = 0.710)

AI: Artificial intelligence; CD: Crohn’s disease; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; VDZ: Vedolizumab; UST: Ustekinumab; ADA: 
Adalimumab; IFX: Infliximab; TNF: Tumor necrosis factor; ML: Machine learning; RF: Random forests; RNN: Recurrent neural network; SHAP: Shapley 
additive explanations; CAD: Computer-aided diagnosis; DL: Deep learning; ER: Endoscopic remission; AUC: Area under the curve; ALB: Albumin; CRP: 
C-reactive protein; FC: Fecal calprotectin; pCLE: Probe-based confocal laser endomicroscopy; CDS: Cumulative disease score; HB: Hemoglobin; WBC: 
White blood cells; ESR: Erythrocyte sedimentation rate; PLT: Platelets.

In any clinical trial patient recruitment represents a major challenge, often leading to delays and high costs. AI has 
accelerated the strategy of selecting eligible candidates, harnessing the potential of ML and NLP for adaptive monitoring 
of medical records that was previously hindered by the static nature of traditional studies[95]. As a result electronic 
phenotyping focuses on identifying patients with similar clinical, endoscopic, or histological characteristics to reduce the 
cohort heterogeneity[96]. This approach significantly shortens the time needed to identify and recruit participants eligible 
for a specific clinical trial[3].

AI allows for improved control of participant adherence and early detection of possible dropout risks, helping re-
searchers maintain the integrity of the study. Using tools such as chatbots and virtual assistants, AI enhances communi-
cation between participants and study organizers. An example is the myTrialsConnect platform that fosters interactions, 
collects specific data, and even schedules appointments, thereby improving participant accessibility and ensure efficient 
workload management[96].
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The implementation of synthetic control groups or digital twins has been accepted as an alternative to the traditional 
use of placebo participants, favoring the reduction of patient dropout rates. Therefore, the concept is attractive for future 
studies by accelerating timelines and lowering costs. Additionally, it has become valuable for managing scenarios in 
which the conventional use of placebo groups is ethically questionable[3,97].

The possibility of automated integration of complex data sets, ranging from clinical symptoms to endoscopic and 
histopathological findings and to gene expression and other omics results, ensures a multiparametric analysis that 
provides additional information to facilitate the conduct of randomized trials in IBD[98]. The algorithms have dem-
onstrated increased potential for patient stratification, achieving a real-time classification of disease activity through the 
refinement of evaluation criteria that improve the interpretation quality of endoscopic and histological images[30,99]. 
Furthermore, it was observed that the use of automated quality of examination indicators substantially reduced interob-
server variability in the interpretation of endoscopic videos and the need for a second reader to confirm the results while 
also providing real-time feedback[17,100].

By eliminating dependence on human experts, the implementation of AI to automate the assessment of severity in 
endoscopic (cumulative disease score) and histological (PHRI index) images has contributed to reducing the costs of 
clinical trials[3]. The application of a ML model for the detection of missed areas during colonoscopy, based on the 
estimation of the depth and position of intestinal lesions, achieved segment-by-segment assessment consistent with 
expert evaluation[29]. In contrast a CNN model applied to endoscopic images allowed for real-time detection and pro-
cessing of undefined artifacts, restoring approximately 25% of corrupted videos to increase the overall frame retention 
rate[101].

Using AI in clinical trials is not without challenges. The performance of these tools depends on the accuracy of the data, 
which could impact the validity of the conclusions. AI models trained on biased data may perpetuate inaccuracies and 
discriminatory outcomes. Therefore, it is recommended to implement protocols and reporting guidelines, such as in-
terventional trials-AI (known as SPIRIT-AI) and reporting trials-AI (known as CONSORT-AI) to ensure transparency, 
standardization, and reproducibility of results[3].

CURRENT CHALLENGES AND FUTURE PERSPECTIVES
Due to its ability to integrate an impressive volume of data, AI has revolutionized the implementation of personalized 
medicine, enabling a systematic investigation that provides a much more detailed perspective on the complexity of IBD
[62,102]. Table 4 summarizes the main findings of ML algorithms applied to IBD[103]. The introduction of CAD systems 
has eliminated the subjectivity of interpreting histological specimens and optimized the performance of endoscopic 
techniques, offering the possibility of identification of features that could be overlooked by human operators[104-106].

The advantage of achieving a more precise evaluation of therapeutic objectives, represents a decisive role in predicting 
the course of the disease[75]. Considering the heterogeneity of architecture and the diversity of technical approaches used 
to analyze input data, AI models may exhibit different behaviors and performances that influence implementation in 
clinical practice[8]. Despite the fact that the application of AI is increasingly accepted due to promising results in IBD, 
several limitations may prevent widespread implementation into clinical practice[7].

A critical issue is represented by the algorithmic transparency, especially in the case of DNN, which function as “black 
boxes”, with their conclusions being difficult to interpret for both clinicians and patients. This opacity affects the ability to 
justify medical decisions, explaining why recent research promotes the use of explainability methods, such as SHAP or 
local interpretable model-agnostic explanations, designed to increase the interpretability of automated decisions[107,108]. 
Secondly, although the performance of AI algorithms has been confirmed in numerous studies, their application in real-
world scenarios is uncertain. The lack of consistent validation on external and independent data sets in randomized 
clinical trials favors the vulnerability of AI models, amplifying the risk of overfitting and the occurrence of interpretation 
errors that limit the accuracy and comparability of results, questioning the reliability of application in different clinical 
settings[109,110]. Furthermore, the variability of input data in terms of quality, type, and size of the information set may 
compromise the extrapolation of conclusions and recommendations, making it difficult to manage multiple clinical 
contexts of patients[8]. Another challenge lies in algorithmic bias. If the training data underrepresents certain subpopu-
lations, such as ethnic minorities or patients with atypical disease phenotypes, AI outputs may influence the appearance 
of healthcare discrepancies. Algorithmic fairness, bias mitigation strategies, and inclusive data collection are essential to 
ensure equitable performance[111].

Moreover, AI systems require ongoing maintenance and recalibration to remain clinically relevant. The need for 
continuous model retraining to adapt to evolving data distributions and clinical practices poses logistical burdens that 
may impede their application[112]. Therefore, it is essential to approach standardized protocols for training, testing, and 
validating AI systems. This ensures transparency and reproducibility of results, making these tools trusted solutions for 
healthcare professionals and regulators, contributing to improved therapeutic decisions and IBD management[113].

The increased cost associated with integrating these technologies represents another obstacle. This involves significant 
investments in the development and maintenance of a complex infrastructure from high-performance computing cap-
abilities to data integration platforms and qualified personnel[114]. Furthermore, it is also noteworthy that the global 
impact of incompletely resolved ethical and legal concerns regarding discrimination and ensuring the confidentiality of 
medical data and information is significant. In this context increased awareness should be directed toward exploring 
patient safety and establishing clear regulations regarding the malpractice implications generated by a potential error[26]. 
Patients need to be clearly informed about how their data are used, the role of AI in therapeutic decisions, and the 
limitations of these technologies. Lack of transparency or the perception of uncontrolled automation can erode patient 
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Table 4 Overview of machine learning models for diagnosis, prognosis, and treatment optimization in inflammatory bowel disease

Ref. AI model Field of 
application Disease Outcomes Performance

Najdawi et al[68] Histological 
assessment

UC Evaluation of HR Strong agreement with 
pathologists in relation to the NHI 
score (κ = 0.910, Spearman 
coefficient of ρ = 0.890) (P < 0.001)

Waljee et al[91] Therapy UC Predicting corticosteroid-
free ER with VDZ at week 
52

AUC = 0.730, sensitivity = 72.0%, 
specificity = 68% according to the 
results at week 6

Waljee et al[88] Anticipation of UST 
response at week 42

AUC = 0.780, sensitivity = 79.0%, 
specificity = 67.0% based on 
demographic and laboratory data 
up to week 8

Li et al[92] Assessment therapeutic 
response to IFX

AUC = 0.900, accuracy = 85.0%, 
sensitivity = 81.0%, specificity = 
94.0%

He et al[93]

Therapy CD

Prediction of therapeutic 
response to UST based on 
expression profile of four 
genes

AUC: 0.734–0.746

Stidham et al[103]

ML-RF

Risk stratification CD Evaluation of surgical 
outcomes

AUC = 0.780

Endoscopic 
assessment

UC Evaluation of persistent 
inflammation

Sensitivity = 74.0%, specificity = 
97.0%, precision = 91.0%

Maeda et al[90] ML-SVM

Risk stratification UC Assessment of relapse risk Increased rate in patients with 
active form (28.4%) compared with 
those in clinical remission (4.9%, P 
< 0.001)

Park et al[94] Therapy UC Remission prediction post-
induction and maintenance 
for etrolizumab

AUC: 0.740-0.750

Harun et al[87] Therapy CD Prediction of therapeutic 
response to anti-TNF

Non-response associated with 
hyperexpression of DPY19 L3 (β = 
2.703) and GSTT1 (β = 1.735), and 
decreased NUCB1 concentration (β 
= -2.142)

Qiu et al[89]

ML-XGBoost

Therapy CD Prediction of therapeutic 
response to IFX

AUC = 0.91

Takenaka et al[44] Endoscopic 
assessment

UC Prediction of HR Sensitivity = 97.9%, specificity = 
94.6%, ICC = 0.927

Huang et al[43] Endoscopic 
assessment

UC Evaluation of mucosal 
healing

AUC = 0.927, accuracy = 93.8%, 
sensitivity = 84.6%, specificity = 
96.9%

Identification of strictures AUC = 0.989, precision = 93.5%Klang et al[32]

DL-DNN

Endoscopic 
assessment

CD

Grading the severity of 
ulcerations

AUC = 0.992 (mild cases); AUC = 
0.975 (moderate cases); AUC = 
0.889 (severe cases)

Ozawa et al[40] Endoscopic 
assessment

UC Discrimination between 
MES ≤ 1 and MES  2; 
diagnosis of ER (MES ≤ 1)

AUC = 0.980

Wang et al[21] Endoscopic 
assessment

UC Discrimination between 
MES ≤ 1 and MES  2; 
diagnosis of ER (MES ≤ 1)

AUC = 0.980, accuracy = 95.1%, 
sensitivity = 92.9%, specificity = 
95.4%, κ = 0.884

Stidham et al[22] Endoscopic 
assessment

UC Discriminating ER from 
active endoscopic disease

AUC = 0.966, sensitivity = 83.0%, 
specificity = 96.0%. Excellent 
agreement between expert 
reviewers (κ = 0.860)

Gottlieb et al[30] Endoscopic 
assessment

UC Evaluation of mucosal 
healing

Accuracy: 95.5%-97.0%. 
Agreement with expert readers for 
MES (κ = 0.844) and UCEIS (0.855)

DL-CNN
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Takenaka et al[25] Endoscopic 
assessment

UC Predict of ER and HR Accuracy = 90.1%, κ = 0.917 
(UCEIS ≤ 2). Accuracy = 92.9%, κ = 
0.859 (GS < 3.1)

Yao et al[27] DL-CNN (Inception-
V3)

Endoscopic 
assessment

UC Assessment of disease 
severity

AUC = 0.939, sensitivity = 90.2%, 
specificity = 87.0%

Gui et al[69] Histological 
assessment

UC Prediction of HR (PHRI < 1) 
according to the presence or 
absence of neutrophils

Sensitivity = 78.0%, specificity = 
91.7%, accuracy = 86.0%, ICC = 
0.84

Iacucci et al[70] Histological 
assessment

UC Prediction of HR (PHRI < 1) 
according to the presence or 
absence of neutrophils

AUC = 0.870, accuracy = 87.0%, 
sensitivity = 89.0%, specificity = 
85.0%

Vande Casteele et al
[66]

DL-CNN

Histological 
assessment

UC Quantification of 
eosinophils in colonic 
biopsies

The model had sensitivity = 0.86, 
specificity = 0.91, accuracy = 0.89

Udristoiu et al[55] DL-CNN Endoscopic 
assessment

CD Differentiation between 
inflammation and intact 
colonic mucosa

AUC = 0.980, accuracy = 95.3%, 
specificity = 92.8%, sensitivity = 
94.6%

Majtner et al[54] DL-CNN (ResNet-50) Endoscopic 
assessment

CD Ulcer detection The diagnostic accuracy was 98.5% 
for the small bowel and 98.1% for 
the colon

Kellerman et al[33] DL-TimeSformer Endoscopic 
assessment

CD Prediction of biologic 
initiation in newly 
diagnosed patients

AUC = 0.860, accuracy: 81.0%-
82.0%

Rymarczyk et al[79] DL-CNN (SA-
AbMILP)

Histological 
assessment

CD Automatic histological 
assessment for GHAS and 
GS

Accuracy between 65.0%-89.0%

Furlanello et al[74] DL-CNN (StarDist) Histological 
assessment

IBD Discriminates IBD from 
non-IBD mucosa

Accuracy = 90.0%

Kiyokawa et al[76] DL-CNN 
(EfficientNet-b5)

Risk stratification CD Prediction of postoperative 
recurrence

AUC = 0.995, accuracy = 96.9%, 
precision = 96.4%

Con et al[81] DL-RNN Therapy CD Predicts post-therapy 
remission to anti-TNF

AUC = 0.754

AI: Artificial intelligence; ML: Machine learning; RF: Random forests; DL: Deep learning; ER: Endoscopic remission; AUC: Area under the curve; SVM: 
Support vector machine; XGBoost: Extreme gradient boosting; DNN: Deep neural network; CNN: Conventional neural network; SA-AbMILP: Self-
attention-based multi-instance learning pooling; RNN: Recurrent neural network; CD: Crohn’s disease; IBD: Inflammatory bowel disease; UC: Ulcerative 
colitis; HR: Histological remission; VDZ: Vedolizumab; UST: Ustekinumab; IFX: Infliximab; TNF: Tumor necrosis factor; MES: Mayo endoscopic score; 
PHRI: Paddington international virtual chromoendoscopy score histologic remission index; GHAS: Global histological disease activity score; NHI: Nancy 
histological index; ICC: Intraclass correlation coefficient; UCEIS: Ulcerative colitis endoscopic index of severity; GS: Geboes score.

trust in the healthcare team. It is therefore essential that informed consent processes include explanations of AI and 
respect patients’ rights[96].

Protection of personal data is a major concern, given the confidential nature of medical information. These measures 
must be harmonized with national or international ethical standards and regulations on data protection in medical 
research[115]. Thus, it is a major priority, given the large volume of personal information involved in training and using 
algorithms. Existing regulations, such as the general data protection regulation (known as GDPR) in Europe or the health 
insurance portability and accountability act (known as HIPAA) in the United States, provide a legal framework but are 
insufficient in the face of the specific challenges of AI. In the absence of adequate transparency, it becomes increasingly 
difficult to establish responsibility in case of decisional error. To address these limitations the SPIRIT-AI and CONSORT-
AI guidelines, developed by international consortia of experts, provide the first methodological standards dedicated to 
clinical trials involving AI interventions. They recommend detailed reporting of the algorithm version, the source and 
processing of input data, human-algorithm interaction, validation processes, and the management of algorithmic errors. 
The use of these guidelines contributes not only to increasing the scientific quality of studies but also to ensuring an 
ethical and responsible integration of AI in precision medicine[116].

It is estimated that AI would become an innovative tool that could reduce dependence on the expertise of an en-
doscopist or a pathologist and minimize the number of biopsies collected during monitoring procedures[75]. In the future 
the integration of data from multiple sources (clinical symptoms, endoscopic scores, histology, gene expression, transcrip-
tomics, and other relevant variables) through AI tools may allow complex multiparametric analyses with the potential to 
extract new meaning from clinical trials. This integrative approach could help to define disease phenotypes much more 
accurately, refine patient subgroups, and optimize the design of future trials[30]. ML-based analysis of multiomics data 
(genomic, transcriptomic, proteomic, microbiomic) opens promising prospects for the discovery of clinically relevant 
biomarkers that can become therapeutic targets or surrogate markers for treatment response. Integrating these data into 
predictive models can support personalized medicine and guide therapeutic decisions[117,118].
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In this context it is essential to set a concrete direction for the integration of AI into clinical practice, including 
standardization of data, external validation, and explainability of models, ensuring fairness, confidentiality, and tran-
sparency of decisions. Furthermore, collaboration with regulatory authorities and validation in randomized trials are 
essential steps for the safe implementation of AI in the diagnosis and monitoring of evolution in IBD[75].

Another research direction is the development of AI models to support, rather than replace, clinical reasoning. These 
algorithms are based on quantifiable parameters, but medical decisions often involve judgments based on non-quanti-
fiable factors. Therefore, future research should aim to integrate AI as a complementary tool to enhance clinical reasoning
[119].

Although many challenges remain to be addressed, the ability of AI to integrate multimodal data offers the advantage 
of a much more comprehensive picture of disease activity and the healing process that is linked with the prevention of 
major adverse events[8].

CONCLUSION
The implementation of AI in clinical practice requires a clear vision of its objectives to generate advances that could lead 
to a paradigm shift in IBD management. Future directions should focus on optimizing diagnostic accuracy and validating 
the performance of AI models in diverse populations to enable integration into workflows and provide real-time decision 
support necessary for advancing precision medicine. As these technologies evolve a long-term proactive approach to 
addressing current challenges would enhance the efficiency and potential for personalization of clinical trials and ensure 
equitable benefits for patients.
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