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1. Introduction
Crohn's disease represents one of the two major forms 

of inflammatory bowel disease, affecting approximately 
6.8 million people worldwide with increasing incidence 
rates globally [1]. The disease is characterized by chronic, 
relapsing inflammation that can involve any segment of 
the digestive tract from mouth to anus, with a predilection 
for the terminal ileum and colon [2]. The pathogenesis in-
volves a complex interplay between genetic susceptibility, 
environmental factors, intestinal microbiota, and immune 
system dysfunction [3]. Over 200 genetic loci have been 
associated with CD susceptibility, highlighting the polyge-
nic nature of the disease [4].

The clinical presentation of CD is highly variable, 

ranging from mild symptoms to severe complications 
including strictures, fistulas, and perforation [5]. Com-
mon symptoms include abdominal pain, diarrhea, weight 
loss, and fatigue, which often overlap with functional gas-
trointestinal disorders and other inflammatory conditions 
[6]. This symptomatic overlap, combined with the lack of 
pathognomonic features, makes early diagnosis challen-
ging and often leads to diagnostic delays averaging 9-12 
months from symptom onset [7].

Current diagnostic algorithms rely on the Montreal 
classification system and require integration of clinical, 
endoscopic, histological, and radiological findings [8]. 
Gold standard diagnostic procedures include ileocolonos-
copy with biopsy and cross-sectional imaging, which are 
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invasive, expensive, and not always readily available [9]. 
The absence of a single definitive diagnostic test necessi-
tates a comprehensive approach that can be time-consu-
ming and stressful for patients [10].

The concept of biomarkers in CD diagnosis has evolved 
significantly over the past decades [11]. Biomarkers are 
defined as measurable indicators of biological processes, 
pathogenic processes, or pharmacological responses to 
therapeutic interventions [12]. In the context of CD, bio-
markers can serve multiple purposes, including diagnosis, 
disease activity monitoring, treatment response assess-
ment, and prognosis prediction [13]. The ideal biomarker 
should be easily measurable, reproducible, cost-effective, 
and demonstrate high sensitivity and specificity for the tar-
get condition [14]. Despite extensive research, no single 
biomarker has achieved sufficient diagnostic accuracy to 
replace current diagnostic modalities, emphasizing the 
need for biomarker panels and multimodal approaches 
[15].

2. Stages of Crohn's disease
Crohn's disease exhibits a progressive nature with dis-

tinct stages that reflect the evolution of intestinal inflam-
mation and structural damage over time [16]. Understand-
ing these stages is crucial for biomarker development as 
different molecular signatures may characterize each 
phase of disease progression [17]. The staging systems 
have evolved from purely clinical classifications to more 
sophisticated frameworks incorporating molecular and 
imaging parameters [18].

The early inflammatory stage represents the initial 
phase of CD, characterized by mucosal inflammation 
without structural complications [19]. During this stage, 
the intestinal barrier function is compromised, leading to 
increased permeability and bacterial translocation [20]. 
Inflammatory mediators, including tumor necrosis fac-
tor-alpha, interleukin-1β, and interleukin-6, are elevated, 
creating a pro-inflammatory milieu [21]. Endoscopically, 
patients present with aphthous ulcerations, erythema, and 
edema of the mucosa [22]. Histological examination re-
veals focal chronic inflammation, along with cryptitis and 
crypt abscess formation [23]. At the molecular level, this 
stage is characterized by activation of the nuclear factor-
κB (NF-κB) signaling pathways and upregulation of in-
flammatory genes [24].

The intermediate fibrostenotic stage develops as 
chronic inflammation triggers fibroblast activation and 
excessive collagen deposition [25]. This process involves 
transforming growth factor-β signaling and mechanical 
stress responses that promote extracellular matrix remod-
eling [26]. Clinically, patients may experience symptoms 
of partial intestinal obstruction with postprandial pain 
and bloating [27]. Endoscopically, luminal narrowing and 
stricture formation become apparent, while imaging stud-
ies reveal bowel wall thickening and upstream dilatation 
[28]. Key biomarkers during this stage include matrix me-
talloproteinases, tissue inhibitors of metalloproteinases, 
and fibrosis-related proteins such as hyaluronic acid and 
procollagen peptides [29,30].

Advanced penetrating disease represents the most se-
vere form of CD with development of fistulas, abscesses, 
and perforations [31]. This stage involves complex interac-
tions between inflammatory cells, tissue matrix, and bacte-
rial components that promote tissue destruction and ab-

normal healing responses [32]. Neutrophil infiltration and 
release of proteolytic enzymes contribute to tissue damage 
and fistula tract formation [33]. Clinically, patients pres-
ent with complications requiring surgical intervention and 
often experience reduced quality of life [34]. Biomarkers 
associated with this stage include neutrophil-derived pro-
teins, complement activation products, and damage-asso-
ciated molecular patterns [35,36].

The remission stage occurs when active inflammation 
subsides, either spontaneously or following therapeutic 
intervention [37]. However, complete histological healing 
is rare, and subclinical inflammation often persists [38]. 
During remission, anti-inflammatory mechanisms become 
predominant, including regulatory T-cell activation and 
production of anti-inflammatory cytokines such as inter-
leukin-10 [39]. Mucosal healing, defined as absence of 
visible lesions on endoscopy, has emerged as an important 
therapeutic target associated with improved long-term out-
comes [40]. Biomarkers of remission include normaliza-
tion of inflammatory parameters and emergence of tissue 
repair markers such as vascular endothelial growth factor 
and epithelial growth factors [41].

Disease phenotype evolution is increasingly recog-
nized as a dynamic process rather than static classification 
[42]. The Montreal classification system categorizes CD 
based on age at diagnosis, disease location, and behavior, 
but these characteristics can change over time [43]. Lon-
gitudinal studies demonstrate that up to 50% of patients 
with initially inflammatory disease develop complications 
within 10 years [44]. This phenotypic progression appears 
to be influenced by genetic factors, with certain polymor-
phisms predisposing to accelerated disease course [45]. 
Environmental factors, including smoking, medication ad-
herence, and intestinal microbiota composition, also influ-
ence disease progression patterns [46,47].

Recent advances in molecular profiling have revealed 
stage-specific signatures that could guide personalized 
treatment approaches [48]. Transcriptomic studies have 
identified distinct gene expression patterns associated with 
different disease stages, while proteomics approaches have 
revealed stage-specific protein profiles [49,50]. These mo-
lecular insights are driving the development of precision 
medicine approaches that tailor treatment based on indi-
vidual disease characteristics and predicted progression 
patterns [51].

3. Used biomarkers for the diagnosis of Crohn's disease
Current clinical practice employs several established 

biomarkers for CD diagnosis, each with distinct advan-
tages and limitations [52]. These biomarkers span mul-
tiple biological matrices, including serum, feces, and tis-
sue samples, providing complementary information about 
disease activity and extent [53].

C-reactive protein (CRP) remains the most widely 
used inflammatory biomarker in CD diagnosis and moni-
toring [54]. CRP is an acute-phase protein synthesized by 
hepatocytes in response to inflammatory cytokines, partic-
ularly interleukin-6 [55]. In CD patients, CRP levels corre-
late with disease activity and extent of inflammation, with 
elevated levels (>3.0 mg/L) observed in approximately 
70% of patients with active disease [56]. However, CRP 
lacks specificity for intestinal inflammation and can be el-
evated in various infectious and inflammatory conditions 
[57]. Additionally, up to 25% of CD patients maintain nor-
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sensitivity limits the utility of ASCA as a standalone diag-
nostic test [78].

Perinuclear anti-neutrophil cytoplasmic antibodies 
(pANCA) are more commonly associated with ulcerative 
colitis but can be found in a subset of CD patients [79]. 
Approximately 5-25% of CD patients test positive for 
pANCA, particularly those with colonic involvement [80]. 
The combination of ASCA positivity and pANCA negativ-
ity has been proposed as a serological signature favoring 
CD diagnosis [81].

Antibodies against outer membrane porin C (anti-
OmpC) and flagellin (anti-CBir1) represent additional se-
rological markers associated with CD [82,83]. Anti-OmpC 
antibodies are directed against bacterial outer membrane 
proteins and are found in approximately 30-55% of CD 
patients [84]. Anti-CBir1 antibodies target bacterial flagel-
lin and are associated with small bowel CD and compli-
cated disease behavior [85]. These antibodies may be par-
ticularly useful when combined in serological panels [86].

Genetic markers have provided insights into CD 
pathogenesis but have limited diagnostic utility due to in-
complete penetrance [87]. The most significant genetic as-
sociation involves variants in the NOD2/CARD15 gene, 
found in approximately 30-40% of CD patients compared 
to 10-15% of controls [88]. Other relevant genetic markers 
include ATG16L1, IRGM, and IL23R variants [89]. How-
ever, the low positive predictive value of genetic testing 
limits its clinical application for diagnosis [90].

Recent advances have led to the development of 
multi-biomarker panels that combine traditional markers 
with novel candidates [91]. Commercial panels such as 
the IBD differentiation panel combine multiple antibodies 
and inflammatory markers to improve diagnostic accuracy 
[92]. These panels typically achieve sensitivity and speci-
ficity rates of 80-90% for CD diagnosis when compared to 
clinical gold standards [93].

According to Table 1, fecal calprotectin demonstrates 
the highest sensitivity and specificity among noninvasive 
biomarkers, making it particularly useful for distinguish-
ing inflammatory bowel disease from functional disorders.

4.  Potential biomarkers for the diagnosis of Crohn's 
disease

The landscape of CD biomarker research is rapidly 
evolving with the emergence of novel candidates identi-
fied through advanced molecular techniques [94]. These 
potential biomarkers offer promise for improved diagnos-
tic accuracy, earlier detection, and personalized treatment 
approaches [95].

MicroRNA (miRNA) biomarkers represent a promis-
ing class of regulatory molecules that control gene expres-

mal CRP levels despite active disease, particularly those 
with isolated small bowel involvement [58]. The sensitiv-
ity of CRP for detecting CD ranges from 50-90%, while 
specificity ranges from 40-80% depending on the clinical 
context [59].

Erythrocyte sedimentation rate (ESR) represents an-
other traditional inflammatory marker used in CD assess-
ment [60]. ESR reflects the tendency of red blood cells to 
settle in plasma and correlates with plasma protein con-
centrations, particularly fibrinogen and immunoglobulins 
[61]. While ESR is less specific than CRP and slower to 
respond to changes in inflammatory activity, it provides 
complementary information and may remain elevated lon-
ger during recovery phases [62]. The diagnostic utility of 
ESR in CD is limited by its poor specificity and is influ-
ence by factors such as age, anemia, and other systemic 
conditions [63].

Fecal calprotectin has emerged as a valuable non-
invasive biomarker for intestinal inflammation [64]. 
Calprotectin is a calcium-binding protein predominantly 
found in neutrophils and represents approximately 60% 
of neutrophil cytoplasmic proteins [65]. In CD, increased 
neutrophil migration into the intestinal lumen results in 
elevated fecal calprotectin concentrations [66]. The bio-
marker demonstrates excellent correlation with endoscop-
ic disease activity and histological inflammation [67]. Fe-
cal calprotectin levels >250 μg/g are considered indicative 
of organic intestinal disease with sensitivity ranging from 
85-95% and specificity of 75-85% for CD diagnosis [68]. 
The biomarker is particularly useful for distinguishing in-
flammatory bowel diseases from functional disorders and 
monitoring treatment response [69].

Lactoferrin is another neutrophil-derived protein 
found in feces that serves as a marker of intestinal inflam-
mation [70]. Similar to calprotectin, lactoferrin levels cor-
relate with disease activity and endoscopic findings in CD 
patients [71]. However, lactoferrin appears less stable than 
calprotectin and may be more susceptible to degradation 
by intestinal bacteria [72]. The diagnostic performance 
of fecal lactoferrin is comparable to calprotectin but with 
slightly lower specificity [73].

Anti-Saccharomyces cerevisiae antibodies (ASCA) 
represent serological markers that demonstrate specificity 
for CD compared to ulcerative colitis [74]. ASCA-IgG and 
ASCA-IgA antibodies are directed against phosphopepti-
domannan epitopes of the yeast cell wall [75]. Approxi-
mately 50-60% of CD patients test positive for ASCA 
compared to 10-15% of healthy controls and 2-8% of ul-
cerative colitis patients [76]. ASCA positivity is associated 
with ileal involvement, fibrostenotic behavior, and need 
for surgical intervention [77]. However, the relatively low 

Biomarker Sample Type Sensitivity (%) Specificity (%) Clinical Utility
C-reactive protein Serum 50-90 40-80 Disease activity monitoring
Fecal calprotectin Feces 85-95 75-85 IBD vs functional disorders
ASCA IgG/IgA Serum 50-60 85-90 CD vs UC differentiation
pANCA Serum 5-25 90-95 Combined with ASCA
Anti-OmpC Serum 30-55 80-85 Disease behavior prediction
Anti-CBir1 Serum 40-60 70-80 Small bowel involvement
Lactoferrin Feces 80-90 70-80 Alternative to calprotectin
NOD2 variants Blood 30-40 85-90 Risk stratification

Table 1. Summary of currently used biomarkers for Crohn's disease.
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sion post-transcriptionally [96]. Several miRNAs have 
been identified as dysregulated in CD patients, including 
miR-155, miR-146a, and miR-21 [97]. These miRNAs 
play crucial roles in inflammatory pathways and immune 
cell differentiation [98]. Circulating miRNAs in serum and 
plasma demonstrate stability and can be easily measured 
using quantitative PCR techniques [99]. miR-155 is partic-
ularly notable as it promotes pro-inflammatory responses 
and is consistently upregulated in CD patients compared 
to healthy controls [100]. Fecal miRNAs, including miR-
223 and miR-142-3p, have also shown potential as non-
invasive biomarkers reflecting local intestinal inflamma-
tion [101]. Combined miRNA panels demonstrate superior 
diagnostic performance compared to individual miRNAs, 
with some studies reporting sensitivity and specificity 
rates exceeding 85% [102].

Long non-coding RNAs (lncRNAs) represent another 
class of regulatory molecules with biomarker potential 
[103]. Several lncRNAs, including ANRIL, MALAT1, 
and H19, are dysregulated in CD and participate in inflam-
matory signaling pathways [104]. These molecules are 
detectable in various biological samples and demonstrate 
tissue-specific expression patterns [105]. lncRNA signa-
tures may provide insights into disease subtypes and pro-
gression patterns [106].

Metabolomic biomarkers offer a functional readout of 
disease processes and environmental influences [107]. Un-
targeted metabolomics studies have identified numerous 
metabolite alterations in CD patients, including changes 
in amino acid metabolism, lipid profiles, and microbial 
metabolites [108]. Tryptophan metabolism is particularly 
disrupted in CD, with decreased levels of tryptophan and 
increased kynurenine pathway metabolites [109]. Short-
chain fatty acids, particularly butyrate, are decreased in 
CD patients due to altered microbial fermentation [110]. 
Bile acid metabolism is also significantly altered, with 
implications for intestinal barrier function and immune 
responses [111]. Metabolomic panels combining multiple 
pathways have demonstrated diagnostic accuracies com-
parable to or exceeding traditional biomarkers [112].

Proteomic biomarkers leverage advances in mass 
spectrometry and protein analysis techniques to identify 
disease-associated protein signatures [113]. Serum pro-
teomic studies have identified altered levels of comple-
ment proteins, acute-phase reactants, and immune media-
tors in CD patients [114]. Fecal proteomics has revealed 
neutrophil-derived proteins, epithelial markers, and mi-
crobial proteins that distinguish CD from other conditions 
[115]. Tissue proteomics provides insights into local in-
flammatory processes and fibrotic changes [116]. Multi-
protein panels demonstrate enhanced diagnostic perfor-
mance compared to single protein markers [117].

Cytokine and chemokine profiles represent direct 
measures of inflammatory activity with biomarker po-
tential [118]. Beyond traditional inflammatory markers, 
novel cytokines, including IL-17A, IL-22, and IL-23, are 
elevated in CD patients and correlate with disease activity 
[119]. Chemokines such as CCL2, CCL3, and CXCL10 
demonstrate altered expression patterns and may predict 
treatment responses [120]. Th17-related cytokines are 
particularly prominent in CD and may serve as targets for 
therapeutic intervention [121]. Multiplex cytokine assays 
enable simultaneous measurement of multiple mediators, 
providing comprehensive inflammatory profiles [122].

Microbiome-derived biomarkers reflect the altered 
gut microbial composition characteristic of CD [123]. 
Specific bacterial taxa, including Faecalibacterium praus-
nitzii and Roseburia species, are consistently decreased 
in CD patients [124]. Conversely, potentially pathogenic 
bacteria such as adherent-invasive E. coli are increased 
[125]. Microbial diversity indices and functional pathway 
analyses provide additional biomarker candidates [126]. 
Microbial metabolites, including trimethylamine N-oxide 
and indole derivatives, demonstrate altered levels in CD 
patients [127]. Host-microbiome interaction markers, such 
as anti-microbial antibodies and microbial sensing recep-
tor expression, offer insights into disease pathogenesis 
[128].

Extracellular vesicle biomarkers represent a novel 
frontier in biomarker research [129]. Extracellular vesi-
cles carry molecular cargo including proteins, lipids, and 
nucleic acids that reflect their cellular origin [130]. Circu-
lating extracellular vesicles from immune cells and intes-
tinal epithelial cells are altered in CD patients [131]. These 
vesicles can be isolated from various body fluids and ana-
lyzed for their molecular content [132]. miRNA profiles 
within extracellular vesicles may provide more stable and 
specific biomarkers compared to free-circulating miRNAs 
[133].

Epigenetic biomarkers, including DNA methylation 
patterns and histone modifications, are increasingly rec-
ognized as disease-associated markers [134]. CpG meth-
ylation studies have identified differentially methylated re-
gions in CD patients affecting genes involved in immune 
responses and barrier function [135]. Histone modifica-
tions, including H3K4me3 and H3K27me3, are altered in 
CD intestinal tissues [136]. These epigenetic marks can be 
detected in circulating cell-free DNA and may function as 
liquid biopsy markers with diagnostic potential compara-
ble to, or surpassing, that of traditional biomarkers [137].

Proteomic biomarkers leverage advances in mass 
spectrometry and protein analysis techniques to identify 
disease-associated protein signatures. Serum proteomic 
studies have identified altered levels of complement pro-
teins, acute-phase reactants, and immune mediators in CD 
patients. Fecal proteomics has revealed neutrophil-derived 
proteins, epithelial markers, and microbial proteins that 
distinguish CD from other conditions. Tissue proteomics 
provides insights into local inflammatory processes and 
fibrotic changes. Multi-protein panels demonstrate en-
hanced diagnostic performance compared to single protein 
markers.

Cytokine and chemokine profiles represent direct 
measures of inflammatory activity with biomarker po-
tential. Beyond traditional inflammatory markers, novel 
cytokines, including IL-17A, IL-22, and IL-23, are el-
evated in CD patients and correlate with disease activity. 
Chemokines such as CCL2, CCL3, and CXCL10 demon-
strate altered expression patterns and may predict treat-
ment responses. Th17-related cytokines are particularly 
prominent in CD and may serve as targets for therapeutic 
intervention. Multiplex cytokine assays enable simultane-
ous measurement of multiple mediators, providing com-
prehensive inflammatory profiles.

Microbiome-derived biomarkers reflect the altered 
gut microbial composition characteristic of CD. Specific 
bacterial taxa, including Faecalibacterium prausnitzii and 
Roseburia species, are consistently decreased in CD pa-
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tients. Conversely, potentially pathogenic bacteria such 
as adherent-invasive E. coli are increased. Microbial di-
versity indices and functional pathway analyses provide 
additional biomarker candidates. Microbial metabolites, 
including trimethylamine N-oxide and indole derivatives, 
demonstrate altered levels in CD patients. Host-microbi-
ome interaction markers, such as anti-microbial antibodies 
and microbial sensing receptor expression, offer insights 
into disease pathogenesis.

Extracellular vesicle biomarkers represent a novel 
frontier in biomarker research. Extracellular vesicles carry 
molecular cargo, including proteins, lipids, and nucleic 
acids that reflect their cellular origin. Circulating extra-
cellular vesicles from immune cells and intestinal epithe-
lial cells are altered in CD patients. These vesicles can be 
isolated from various body fluids and analyzed for their 
molecular content. miRNA profiles within extracellular 
vesicles may provide more stable and specific biomarkers 
compared to free-circulating miRNAs.

Epigenetic biomarkers, including DNA methylation 
patterns and histone modifications, are increasingly rec-
ognized as disease-associated markers. CpG methylation 
studies have identified differentially methylated regions in 
CD patients affecting genes involved in immune respons-
es and barrier function. Histone modifications, including 
H3K4me3 and H3K27me3, are altered in CD intestinal tis-
sues. These epigenetic marks can be detected in circulat-
ing cell-free DNA and may serve as liquid biopsy markers.

According to Table 2, a wide range of molecular en-
tities, such as microRNAs, metabolites, and extracellular 
vesicles, show promise as potential biomarkers, although 
most remain in early research or validation stages.

5. Discussion 
The quest for reliable biomarkers in Crohn's disease di-

agnosis reflects the complex and heterogeneous nature of 
this inflammatory condition [138]. While current biomark-
ers provide valuable clinical information, their individual 
limitations highlight the need for more sophisticated ap-
proaches combining multiple molecular signatures [139]. 
The integration of traditional inflammatory markers with 
emerging molecular biomarkers represents a promising 
strategy for improving diagnostic accuracy and enabling 
personalized medicine approaches [140].

The transition from single biomarker approaches to 
multi-parametric panels aligns with our growing under-
standing of CD as a multifaceted disease involving ge-
netic, environmental, microbial, and immunological fac-
tors [141]. Machine learning and artificial intelligence 
applications are increasingly being applied to biomarker 
data to identify complex patterns that may not be apparent 
through traditional statistical approaches [142]. By inte-

grating multiple layers of information, including genomic, 
proteomic, metabolomic, and clinical data, these computa-
tional methods enable the development of comprehensive 
and data-driven diagnostic algorithms [143].

The clinical implementation of novel biomarkers faces 
several challenges, including standardization of measure-
ment techniques, establishment of reference ranges, and 
validation across diverse populations [144]. Regulatory 
approval processes require extensive validation studies 
demonstrating clinical utility and cost-effectiveness [145]. 
The development of point-of-care testing platforms could 
facilitate widespread adoption of biomarker-based diag-
nostics in routine clinical practice [146].

Economic considerations play a crucial role in bio-
marker adoption, with healthcare systems requiring evi-
dence of improved outcomes and cost-effectiveness [147]. 
The potential for biomarkers to reduce the need for inva-
sive procedures and enable earlier diagnosis could provide 
significant economic benefits [148]. However, the initial 
costs of implementing new biomarker technologies must 
be balanced against long-term healthcare savings [149].

Future directions in CD biomarker research include the 
development of predictive models for disease progression, 
treatment response, and complication risk [150]. Longitu-
dinal studies tracking biomarker changes over time will 
provide insights into disease evolution and therapeutic 
monitoring [151]. The integration of digital health tech-
nologies, including wearable devices and smartphone ap-
plications, could enable continuous biomarker monitoring 
and real-time disease assessment [152].

6. Conclusions
The landscape of biomarkers for Crohn's disease diag-
nosis is rapidly evolving, with traditional inflammatory 
markers being complemented by sophisticated molecu-
lar signatures derived from genomics, proteomics, and 
metabolomics approaches. While current biomarkers, 
including C-reactive protein, fecal calprotectin, and se-
rological markers, provide valuable clinical information, 
their individual limitations necessitate the development 
of multi-biomarker panels with enhanced diagnostic per-
formance. Emerging biomarker candidates, including mi-
croRNAs, metabolomic profiles, microbiome signatures, 
and extracellular vesicle markers, demonstrate promising 
potential for improving diagnostic accuracy and enabling 
personalized treatment approaches. The successful clinical 
implementation of these novel biomarkers will require ex-
tensive validation studies, standardization of measurement 
techniques, and demonstration of clinical utility and cost-
effectiveness. The integration of advanced computational 
methods and artificial intelligence approaches offers op-
portunities to harness the complexity of multi-dimensional 

Biomarker Category Examples Sample Type Advantages Current Status
microRNAs miR-155, miR-146a, miR-21 Serum, feces Stable, specific Research phase
Metabolites Tryptophan, SCFA, bile acids Serum, urine, feces Functional readout Validation studies
Proteins Complement, cytokines Serum, tissue Direct measurement Clinical trials
Microbiome F. prausnitzii, diversity Feces Non-invasive Development phase
Extracellular vesicles miRNA cargo, proteins Serum, urine Protected cargo Early research
Epigenetic marks DNA methylation Blood, tissue Stable modifications Proof of concept
lncRNAs ANRIL, MALAT1 Tissue, blood Regulatory function Research phase

Table 2. Summary of potential biomarkers for Crohn's disease.
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biomarker data for improved diagnostic algorithms. Fu-
ture research should focus on longitudinal validation stud-
ies, development of point-of-care testing platforms, and 
integration of biomarker-guided approaches into clinical 
decision-making algorithms. The ultimate goal remains 
the development of precise, non-invasive, and cost-effec-
tive diagnostic tools that can facilitate early detection, ac-
curate diagnosis, and personalized management of Crohn's 
disease patients.
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