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Genetic Biomarker Predicts Adverse OQutcomesin
IBD
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Inflammatory bowel disease (IBD), encompassing ulcerative colitis (UC) and Crohn's disease (CD), presents
achronic and often debilitating challenge for patients and clinicians alike. Predicting which patients will
experience a more aggressive disease course, requiring surgery or frequent hospitalisation, remains a critical
unmet need in gastroenterol ogy.

Identifying reliable biomarkers that stratify risk early could enable more targeted and aggressive therapeutic
strategies, potentially altering the natural history of these conditions. A particular genetic variant has emerged

asasignificant predictor of poor prognosis across both major forms of IBD.

The Pivot: A specific genetic polymorphism, previously implicated in other inflammatory conditions, reliably
identifies IBD patients at higher risk for severe disease.

The Data: Patients with the identified biomarker faced a significantly increased risk of surgical intervention

(HR 1.8; 95% ClI, 1.4-2.3; PThe Action: Clinicians should consider genetic testing for this biomarker in
newly diagnosed IBD patients to inform early, aggressive treatment decisions and potentially improve
long-term outcomes.

Managing inflammatory bowel disease, whether ulcerative colitis or Crohn's disease, is a complex endeavour. Patients
face alifelong struggle with chronic inflammation, often leading to debilitating symptoms, a reduced quality of life,
and a substantial risk of complications requiring hospitalisation or surgical intervention. The clinical heterogeneity of
IBD means that while some patients achieve long-term remission with conventional therapies, others progress rapidly
despite aggressive treatment, necessitating colectomy or bowel resection. Thisvariability underscoresthe urgent need for
prognostic markersthat can identify high-risk individuals early in their disease course, allowing for amore personalised
and proactive approach to management.

The search for such markers has increasingly focused on genetic predispositions. While IBD itself is a polygenic
disease, meaning many genes contribute to susceptibility, specific single nucleotide polymorphisms (SNPs) have been
investigated for their role in disease severity and progression. One such SNP, a variant within the NOD2 gene, has
garnered considerabl e attention. The NOD2 gene encodes a cytoplasmic pattern recognition receptor that playsacrucial
roleintheinnate immune system, particularly in sensing bacterial peptidoglycans. Defectsin NOD2 function can impair
the gut's ability to respond appropriately to commensal bacteria, leading to dysregulated immune responses and chronic
inflammation, a hallmark of 1BD.
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The genetic link to severe disease
Multiple large-scale cohort studies, comprising thousands of patients with both ulcerative colitis and Crohn's disease,

have consistently demonstrated a strong association between specific NOD2 variants and adverse clinical outcomes.
These studies, often drawing from national IBD registries and biobanks, have meticulously tracked patient trajectories
over many years, correlating genetic profiles with clinical endpoints such as the need for surgery, frequency of
hospitalisation, and response to various medical therapies. The methodology typically involves genotyping a panel of
common |BD-associated SNPs, including thosein NOD2, from patient blood or saliva samples collected at diagnosis
or early in the disease course. Clinical data, including disease activity scores, medication use, surgical history, and
hospitalisation records, are then retrospectively or prospectively collected and analysed.

Patients carrying at least one risk allele for the NOD2 variant consistently exhibited a significantly elevated risk of
requiring surgical intervention. In a pooled analysis of several European cohorts, patients with the variant faced an
increased risk of surgery by 80% (HR 1.8; 95% Cl, 1.4-2.3; PNOD?2 variants are more strongly associated with ileal
disease and stricturing or penetrating complications. For ulcerative coalitis, while the association was present, it was
generally less pronounced than in CD, reflecting the distinct pathophysiological mechanisms and genetic contributions
to each condition.

Beyond surgery, the NOD2 variant also predicted a higher likelihood of hospitalisation due to IBD flares or
complications. Patients with the risk alele had a 60% increased risk of hospitalisation (HR 1.6; 95% ClI, 1.3-2.0;

PThe mechanism underpinning these associations is thought to involve impaired bacterial sensing and subsequent
dysregulation of the intestinal immune response. NOD2 variants, particularly the common R702W, G908R, and 1007fs
mutations, lead to aloss-of-function in the NOD2 protein. This functional defect compromises the ability of intestinal
epithelia cells and immune cells to detect intracellular bacterial components, such as muramyl dipeptide (MDP). A
diminished response to MDP can result in reduced secretion of antimicrobial peptides, like al pha-defensins, which are
crucia for maintaining gut barrier integrity and controlling bacterial populations. The consequenceis an altered gut
microbiota composition and an exaggerated inflammatory response to luminal bacteria, driving chronic inflammation
and tissue damage.

Subgroup analyses revealed that the prognostic utility of the NOD2 variant was most evident in patients with an

early age of IBD onset, typically before 30 years. These younger patients, often presenting with more extensive or
aggressive disease phenotypes, showed an even stronger correlation between the genetic marker and adverse outcomes.
This observation aligns with the understanding that genetic factors play a more prominent role in early-onset IBD,
while environmental factors may exert agreater influence in later-onset disease. The trial was not powered to detect
differences in specific treatment responses based on NOD2 status, and that gap matters. While the variant predicts a
worse prognosis, it does not currently dictate a specific therapeutic pathway beyond ageneral recommendation for more
aggressive management.

The open-label design of many of these cohort studies is the obvious caveat. While genetic markers are objective, the
clinical endpoints, such as the decision for surgery or hospitalisation, can be influenced by physician discretion and
patient preferences, introducing potentia bias. However, the sheer volume of patients included and the consistency of
the findings across diverse popul ations lend considerabl e weight to the observed associations. Furthermore, these studies
often relied on retrospective data collection for clinical outcomes, which can be subject to incomplete or inconsistent
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documentation. Future prospective studies, specifically designed to evaluate the impact of early NOD2 testing on
treatment escalation and long-term outcomes, would provide stronger evidence.

Still, theimplicationsfor clinical practice are substantial. Identifying patients at high risk for complications at diagnosis
allowscliniciansto consider amore proactive and intensive treatment strategy from the outset. Thismight involve earlier
initiation of biologics or small molecule inhibitors, closer monitoring, and more frequent endoscopic surveillance. For
example, anewly diagnosed Crohn's patient with aNOD?2 risk allele might bypass a step-up approach with conventional
immunomodul ators and move directly to anti-TNF therapy, aiming for deeper remission and prevention of irreversible
bowel damage. The cost-effectiveness of routine NOD2 testing at diagnosis would need to be formally evaluated within
different healthcare systems, but the potential to avert costly surgeries and hospitalisations makes a compelling case.
TheNOD?2 variant wastested only in popul ations of European descent, whereit ismost prevalent. Whether these benefits
extend to other ethnic groups, where different genetic predispositions for IBD may be more common, remains unclear.
This geographic limitation means that the generalisability of these findingsto aglobal IBD population requires further
investigation. Future research should focus on validating these associations in more diverse cohorts and exploring the
interplay between NOD2 variants and other genetic or environmental risk factors that contribute to IBD severity. The
ultimategoal isto develop acomprehensiverisk stratificationtool that integratesgenetic, clinical, and serological markers
to guide truly personalised IBD management.

CLINICAL IMPLICATIONS

The consistent association between specific NOD2 variants and adverse IBD outcomes should prompt a
re-evaluation of diagnostic protocols. Relying solely on clinical presentation and endoscopic findings to predict
disease course is no longer sufficient when a readily available genetic marker offers such clear prognostic
insight. Integrating NOD2 testing into the initial workup for newly diagnosed IBD patients seems a logical next
step.

For clinicians, this means a shift towards more aggressive, proactive management for those identified as
high-risk. Waiting for complications to arise before escalating therapy is a disservice to patients who carry
this genetic predisposition. Early initiation of advanced therapies, such as biologics, in these individuals could
prevent irreversible bowel damage, reduce the need for surgery, and significantly improve long-term quality
of life.

The industry, particularly diagnostic companies, has an opportunity to develop and disseminate cost-effective
NOD?2 testing solutions. While the immediate impact on drug prescribing patterns might be subtle, the
long-term benefit of identifying patients who will require more intensive treatment earlier in their disease
course is substantial. This could lead to more appropriate resource allocation and better patient stratification
for clinical trials.

But the data also highlights a need for further research. While NOD2 identifies high-risk patients, it does not yet
dictate which specific advanced therapy will be most effective for them. Future trials should explore whether
NOD?2 status can predict differential responses to anti-TNF agents, anti-integrins, or JAK inhibitors, moving
beyond general risk stratification to truly precision medicine.
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