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Inflammatory bowel diseases (IBD), which enclose Crohn’s disease (CD) and ulcerative colitis (UC), are chronic, relapsing inflammatory ailments. Their specific pathogenesis is not completely clarified, the worldwide incidence and prevalence of IBD has been steadily growing, and there is still not a definitive cure. The management of IBD has become more and more targeted, with specific immune mediators identified to be involved in its pathogenesis. Vedolizumab, a humanised monoclonal antibody binding specifically to the α4β7 integrin, is a gut-selective immunosuppressive biologic drug administered for both CD and UC. With the same indications as vedolizumab, ustekinumab is a fully human IgG1κ monoclonal antibody binding with specificity to the shared p40 protein subunit of human cytokines interleukin (IL)-12 and IL-23. Several selective IL-23p19 monoclonal antibodies (risankizumab, mirikizumab, and guselkumab) have also revealed admirable efficacy and safety in IBD patients. Nutrition is a very important environmental factor associated with the onset and progression of IBD, and the Western diet is considered to contribute to the development of IBD. In this narrative review, our aim is to present an overview of the main results from recent clinical studies on IBD regarding diet, new drug treatments, and also vaccination.
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1 INTRODUCTION
Inflammatory bowel diseases (IBD), regarded as ulcerative colitis (UC) and Crohn’s disease (CD), predispose individuals to long-term progressive intestinal symptoms with unpredictable evolution, that further require lifelong monitoring and treatment (Bhattacharya and Cross, 2020). Patients diagnosed with IBD can experience: intense abdominal pain, potential rectal bleeding, diarrhoea, dehydration, weight loss, anemia, fatigue (Al-Bawardy et al., 2021).
Given the chronic nature of IBD, ongoing medical supervision is essential to monitor disease activity, adjust treatments, and manage potential side effects. Regular consultations with gastroenterologists are pivotal for evaluating treatment efficacy and promptly identifying disease flare-ups, thereby facilitating timely interventions (Lamb et al., 2019).
A multidisciplinary team is essential in managing IBD because it involves various aspects of care: apart from the gastroenterologists who manage the medical treatment, dieticians provide dietary advice to help manage symptoms and nutritional deficiencies. Nurses offer support, education, and assistance with medication management, psychologists or counselors help address the emotional and mental health aspects, including coping strategies and stress management. Surgeons may be involved if surgical intervention is necessary. Pharmacists ensure proper medication management and patient education regarding drug interactions and side effects. This team approach ensures comprehensive care, addressing all facets of the patient’s health and wellbeing (Lamb et al., 2019).
Quality of life considerations for IBD individuals span physical, emotional, and social dimensions. Effective symptom management through pharmacological interventions and lifestyle adaptations, coupled with addressing nutritional deficiencies, significantly contributes to overall wellbeing (Lamb et al., 2019).
Standard non-biological therapies have been administered for decades, although neither thiopurines (azathioprine, mercaptopurine), corticosteroids (prednisone, budesonide, methylprednisolone, hydrocortisone) nor amino-salicylates (mesalazine, sulfasalazine, 5-aminosalicylate) have proven general efficacy or long-term safety (Bhattacharya and Cross, 2020). Nevertheless, the approved treatments in IBD have not influenced pathological evolution (Al-Bawardy et al., 2021). Patients with IBD are also predisposed to episodes of symptoms exacerbation or disease remission even under treatment, characterising therefore these diseases as unpredictable and difficult to manage (Lamb et al., 2019). Novel medications for IBD, that reduced the need of hospitalization or surgical intervention while leading to quality life improvement, include biological agents such as.
- anti-TNF-α agents (infliximab, certolizumab, adalimumab) in patients diagnosed with moderate-to-severe IBD or in non-responders to conventional therapy (Feuerstein et al., 2020);
- anti-α4β7 integrin monoclonal antibody (vedolizumab) approved as option in individuals who are not responsive to conventional anti-TNF-α medication and with lower incidence of leukoencephalopathy compared to natalizumab (the first approved humanized anti-adhesion monoclonal antibody in IBD) (Vermeire et al., 2022);
- anti-IL-12/IL-23 monoclonal antibody (ustekinumab), with a more important clinical response after long-term treatment and with the advantage of intravenously or subcutaneously administration (Hanžel and D'Haens, 2020);
- small molecules that act as JAK inhibitors (tofacitinib), with major benefits of low cost and oral administration in comparison with other biologic drugs (Sandborn et al., 2017).
In Romania, a step-up therapy is currently recommended in IBD patients, which further includes: standard monotherapy (5-aminosalycilates derivates, corticosteroids or immunomodulators including methotrexate), followed by associated standard therapy, or biologics (infliximab, adalimumab, vedolizumab or ustekinumab) in case of moderate-severe manifestations or non-responders to initial agents (Romanian National Health House of Inssurances, 2017; Romanian National Health House of Insurrances, 2021; Romanian National Health House of Insurrances, 2023). Vedolizumab and ustekinumab have been approved recently in treatment protocols and are recommended only in cases of insufficient or no response after anti-TNF-α agents (Romanian National Health House of Inssurances, 2017; Romanian National Health House of Insurrances, 2021; Romanian National Health House of Insurrances, 2023). On the other hand, biologic agents lead to immunosupression and may complicate vaccine administration in patients diagnosed with IBD (GBD, 2017 Inflammatory Bowel Diseases Collaborators, 2020).
The purpose of our review is to bring a better and updated understanding towards the activated pathological mechanisms in IBD patients during nutrition, novel pharmacotherapy (vedolizumab, ustekinumab, anti-IL23 p19 drugs), and vaccination.
2 NUTRITION AND IBD
The global incidence and prevalence of IBD continue to rise, with over 6.8 million individuals diagnosed worldwide in 2017, and three million cases in the United States alone (GBD, 2017 Inflammatory Bowel Diseases Collaborators, 2020; Centers for Disease Control and Prevention, 2023). IBD also represent an economical burden around the globe, as part of the top five most expensive gastroenterological pathologies (GBD, 2017 Inflammatory Bowel Diseases Collaborators, 2020). A rapid rise of IBD has also been noted in Europe in the last years, increasing the necessity to monitor and to guide both patients regarding nutritional intervention and physician regarding pharmacotherapeutic and vaccination management (GBD, 2017 Inflammatory Bowel Diseases Collaborators, 2020). Moreover, this chronic condition has no clear etiology and none of the already approved treatments is curative, nor is able to fully prevent relapsing intestinal inflammation (Lamb et al., 2019; Roncoroni et al., 2022). The etiology and pathogenesis of IBD are presently recognized as an intricate interaction involving immunological, microbiological, genetic, and environmental factors, with imbalance in cytokines production (such as TNF-α, IL-6, IL-10, IL-17, IL-22) and other signalling pathways (Al-Bawardy et al., 2021; Lamb et al., 2019). Another factor involved in IBD progression is the poor quality of food or inadequate nutritional behavior, although it is still unclear how selective nutritional components affect intestinal barriers and pathological mechanisms (Roncoroni et al., 2022; Godala et al., 2022). The frequent disease relapses, the psycho-social implications and adverse effects of long-term therapy can influence the patients’ adherence to treatment and therefore, standardised treatment guidelines together with nutritional interventions could better support pharmacological management (Roncoroni et al., 2022; Godala et al., 2022). However, evidence on how nutritional interventions or long-term treatment can affect IBD progression is still poor (Bhattacharya and Cross, 2020; Roncoroni et al., 2022).
Nutrition stands as a pivotal environmental factor linked to the initiation and advancement of IBD. The current body of evidence suggests the existence of an intestinal dysbiosis accompanied by an abnormal immune reaction in individuals with genetic susceptibility, likely influenced by alterations in environmental factors such as diet (Campmans-Kuijpers and Dijkstra, 2021). Given the highest prevalence of IBD in Western countries, it is hypothesized that the Western dietary pattern - characterized by high fat and sugar intake and low consumption of vegetables and fruits - plays a contributory role in IBD development. Additionally, it is widely acknowledged that the Western diet diminishes the diversity of the gut microbiome (Campmans-Kuijpers and Dijkstra, 2021).
Research from Asia, Latin America, and Africa highlights a rising incidence and prevalence of IBD, reflecting shifts towards more Westernized lifestyles characterized by increased urbanization and dietary changes (GBD, 2017 Inflammatory Bowel Diseases Collaborators, 2020; Centers for Disease Control and Prevention, 2023). A rise in age-standardized prevalence rates of IBD in regions historically characterized by low incidence (such as East and South Asia, Oceania, and sub-Saharan Africa), is observed (GBD, 2017 Inflammatory Bowel Diseases Collaborators, 2020; Centers for Disease Control and Prevention, 2023). This increase is likely influenced by several factors, including advancements in the socioeconomic status of newly industrialized nations, shifts in dietary habits and lifestyles, enhanced sanitation practices, alterations in gut microbiota, and environmental changes. These factors collectively contribute to an elevated risk of developing IBD in these regions (GBD, 2017 Inflammatory Bowel Diseases Collaborators, 2020; Centers for Disease Control and Prevention, 2023). In Asia, urban populations are particularly affected, with changes in diet and environmental factors contributing to the observed increase. Previous case-control studies conducted before the onset of illness, including those in Japan, have indicated higher consumption of sugar, fast foods, chocolate, and cola drinks among IBD individuals, as well as a reduction in dietary fiber from fruits and vegetables specifically noted in cases of CD (Chiba et al., 2010).
Due to the significant influence of nutrition on the pathophysiology of IBD, various dietary approaches have been investigated to determine optimal food choices. Chiba et al. illustrated that a semi-vegetarian diet exhibited greater efficacy in sustaining remission among CD patients compared to an omnivorous diet (Chiba et al., 2010).
The Anti-Inflammatory Diet for IBD (IBD-AID) is a dietary regimen designed to reduce inflammation, which involves limiting specific carbohydrates, incorporating pre- and probiotic foods, and adjusting the composition of dietary fatty acids (Chiba et al., 2010). This dietary approach has demonstrated some efficacy as adjunctive therapy in the treatment of patients with IBD. Furthermore, specific carbohydrate diets, initially intended for the management of celiac disease in children and involving the elimination of all grain varieties, have been explored for their potential to alter the microbiome in individuals with IBD (Suskind et al., 2014). Recently, a strategy involving partial enteral nutrition alongside a diet excluding certain carbohydrates (CD exclusion diet) has demonstrated utility in both pediatric and adult patients who have not responded to biologic therapy (Figure 1).
[image: Figure 1]FIGURE 1 | Different types of diets and their benefits in IBD. (CD, Crohn Disease; CDAI, Crohn Disease Activity Index; PCDAI, Pediatric Crohn Disease Activity Index; PUCAI, Pediatric Ulcerative Colitis Activity Index; sDCAI, Distribution, Chronicity, Activity in IBD; CRP, C reactive protein; FMT, Fecal Microbiota Transplantation; HBI, Harvey-Bradshaw Index).
Recent findings have highlighted the impact of contemporary urban diets on IBD. In a prospective cohort spanning 21 countries and encompassing 116,087 individuals, the consumption of ultra-processed foods was linked to the onset of IBD in a dose-dependent fashion, with a notable increase observed in individuals consuming five or more servings per day compared to those consuming fewer than one serving per day (Narula et al., 2021).
The IOIBD provides comprehensive dietary guidelines for all food groups when no specific dietary indications are present. While a moderate to high intake of fruits and vegetables is recommended for CD patients, those with intestinal strictures should be cautious about insoluble fiber from sources like spinach, tomatoes, raspberries, kiwi, and avocado (Chiba et al., 2010). Complex carbohydrates and simple sugars should follow general health standards, with a low FODMAP diet suggested for CD and UC patients with functional bowel disorders. There is no need to restrict wheat protein or gluten intake for IBD patients (Chiba et al., 2010).
For protein sources, there are no restrictions on red meat, poultry, or eggs for CD patients, but UC patients should moderate red meat intake. All IBD patients are advised to avoid trans fats and saturated fats, and UC patients should reduce myristic acid from sources like palm oil, coconut oil, beef, and dairy, while increasing omega-3 fatty acids (Chiba et al., 2010). No specific recommendations exist for pasteurized dairy products, but all IBD patients should avoid processed foods with additives like maltodextrin, emulsifiers, thickeners, nanoparticles, and sulfated compounds (Chiba et al., 2010).
Maintaining a long-term food journal and symptoms journal is crucial. Consistently tracking daily food intake helps identify potential triggers, while documenting symptoms over time aids in monitoring disease progression and response to treatment. This ongoing task is very important, as it facilitates better communication with healthcare providers and contributes to more personalized and effective disease management.
In a prospective study involving 412 individuals with ulcerative colitis (UC) in remission, who received treatment with an aminosalicylate, researchers found that higher dietary intake of myristic acid, a saturated fatty acid present in nutmeg, coconut oil, and cow’s milk, was linked to an increased risk of disease relapse (Campmans-Kuijpers and Dijkstra, 2021). Moreover, processed and unprocessed meats, containing elevated levels of organic sulfur and sulfate additives, may lead to higher sulfate levels, promoting the production of hydrogen sulfide by gut microbes. The resultant end products of protein fermentation, particularly hydrogen sulfide (H2S), ammonia, and to a lesser extent, phenols, were observed to have adverse effects on the colonic microenvironment and epithelial health (Campmans-Kuijpers and Dijkstra, 2021).
Obesity present among people suffering from IBD led to a lower prevalence of remission, but with higher scores of central adverse reactions (such as anxiety, lethargy, depression), pain and social functionality inferior to PROMIS (Patient-Reported Outcomes Measurement questionnaire scores Information System), compared to non-obese patients with IBD (Jain et al., 2019).
In a cohort study comprising 7296 individuals diagnosed with IBD (4,748 adults with CD, among whom 19.5% were obese and 2,548 patients with UC, with 20.3% being obese), Jain et al. noted an independent association between obesity and a heightened risk of persistent disease activity or relapse in patients with CD (Jain et al., 2019). In a separate cohort study, encompassing a significantly larger population of 42,285 individuals diagnosed with IBD (of whom 12.4% were obese), Nguyen and collaborators found that obese patients with this condition experienced a greater annual burden and incurred higher hospitalization costs compared to their non-obese counterparts (Nguyen et al., 2019).
Data from the current literature show that herbal supplements, dietary minerals and vitamins and exercise have attracted special attention for their anti-inflammatory activity and possible utility in the treatment of IBD (Torres et al., 2019; Cheifetz et al., 2017).
Therefore, preclinical results from experimental studies in mice indicated that cannabinoid receptor activation facilitates protective mechanisms in experimentally induced colitis. Consistent with these observations, two clinical trials documented that cannabis was effective in alleviating symptoms of IBD (Oligschlaeger et al., 2019), indicating its potential ability to treat IBD. However, further investigations are needed to know if cannabis is really able to positively influence the course of the disease.
Given the significant impact of stress on both the structural and functional characteristics of the microbiome, numerous studies have delved into the potential of psychobiotics in managing stress-related conditions. Psychobiotics encompass probiotics or prebiotics capable of modulating the commensal gut microbiota. When consumed in sufficient quantities, they can indirectly yield beneficial psychiatric effects in cases of psychopathology (Sarkar et al., 2016). Extensively reviewed evidence indicates that in both experimentally induced colitis and IBD diagnosed in humans, pre- and probiotics have shown favorable outcomes in prevention (Sarkar et al., 2016; Akram et al., 2019). They achieve this by modulating the trophic functions of the microbiota, enhancing the integrity of the gut mucosal barrier, and facilitating anti-inflammatory responses (Akram et al., 2019). It is plausible to consider psychobiotics as therapeutic agents for modulating the gut-microbiota axis, potentially enhancing psychological functions within the context of IBD. This assumption is supported by evidence suggesting that the consumption of psychobiotics may confer antidepressant effects, manifesting as improvements in mood and reductions in urinary free cortisol levels (Sarkar et al., 2016).
3 VEDOLIZUMAB
Vedolizumab is a humanized monoclonal antibody engineered to alleviate intestinal inflammation by interfering with cell trafficking to the intestine. This is achieved by specifically targeting the α4β7 heterodimer (Feagan et al., 2013).
The α4β7 receptor, a transmembrane integrin, is expressed on the majority of leukocytes and plays a pivotal role in facilitating their migration to intestinal-associated lymphoid tissues. This migration is mediated through interaction with its main ligand, mucosal addressin cell-expressed adhesion molecule 1 (MadCAM-1), which is typically found in gut-associated lymphoid areas (Ohmatsu et al., 2010). MAdCAM-1 can influence recirculation of memory T cells through mucosal tissues and is upregulated during inflammation (Briskin et al., 1997).
While vedolizumab has been approved by the FDA for the treatment of UC and CD since 2014, the specific molecular mechanisms underlying its action in humans have not yet been fully elucidated and remain subject to further investigation (Pang et al., 2023; Luzentales-Simpson et al., 2021). In contrast to natalizumab, vedolizumab does not disrupt lymphocyte trafficking to brain tissue (Feagan et al., 2013).
VISIBLE one was a phase 3, double-blind study conducted at 141 sites across 29 countries from 18 December 2015, to 21 August 2018. Patients diagnosed with moderately to severely active UC were treated with vedolizumab administered intravenously at a dose of 300 mg at weeks 0 and 2. Following clinical response at week 6, patients were randomly allocated to maintenance therapy with subcutaneous vedolizumab at a dose of 108 mg every 2 weeks, intravenous vedolizumab at a dose of 300 mg every 8 weeks, or placebo. The primary endpoint was clinical remission at week 52, defined as a total Mayo score of ≤2 with no subscore exceeding 1 (Sandborn et al., 2020).
Out of the 216 randomized patients, 46.2% in the subcutaneous vedolizumab group, 42.6% in the intravenous vedolizumab group, and 14.3% in the placebo group achieved clinical remission at week 52. Additionally, the subcutaneous vedolizumab group exhibited greater endoscopic improvement and sustained clinical response at week 52 compared to the placebo group. The safety profiles of subcutaneous and intravenous vedolizumab were comparable (Sandborn et al., 2020).
GEMINI LTS is an open-label phase 3, single-arm study conducted in various countries among patients diagnosed with moderately to severely active UC or CD. It comprised participants from a long-term phase 2 study and three phase 3 trials, encompassing a cohort of both vedolizumab-naive (de novo) patients with UC or CD (Loftus et al., 2020). GEMINI LTS stands as the most extensive and prolonged clinical trial conducted thus far to evaluate the advantages and drawbacks of prolonged vedolizumab therapy in individuals diagnosed with moderately to severely active UC or CD. This final report offers a comprehensive analysis of safety over a median cumulative exposure to vedolizumab spanning 42.4 months (range: 0.03–112.2 months) for UC patients and 31.5 months (range: 0.03–100. months) for patients with CD (Loftus et al., 2017; Vermeire et al., 2017).
Long-term treatment with vedolizumab consistently upheld or enhanced health-related quality of life (HRQOL) in individuals diagnosed with moderate to severely active UC or CD. The array of validated assessment tools utilized to showcase improvements in HRQOL within the GEMINI LTS trial offers additional evidence of the advantages of prolonged vedolizumab therapy on both disease-specific and global indicators of patient wellbeing. Moreover, GEMINI LTS revealed the enduring effectiveness of continuous vedolizumab treatment in patients with IBD, with some individuals experiencing benefits for up to 9 years (Loftus et al., 2020).
The VARSITY study, conducted in 2021, sought to compare the effectiveness and safety of vedolizumab administered intravenously with adalimumab administered subcutaneously in a cohort of 769 participants diagnosed with UC (Peyrin-Biroulet et al., 2021). At baseline, the mean histologic disease activity was comparable between the groups receiving vedolizumab and adalimumab. Vedolizumab demonstrated superior histological remission compared to adalimumab at week 14. Furthermore, at week 52, vedolizumab exhibited higher rates of mucosal healing (defined as a composite endpoint of histological plus endoscopic improvement) compared to adalimumab (Peyrin-Biroulet et al., 2021).
In another study conducted in 2022 by Onali and colleagues, involving a total of 470 patients diagnosed with CD (239 individuals who received ustekinumab and 231 who received vedolizumab), significant differences were observed at week 52. The rates of clinical remission were higher in patients treated with vedolizumab compared to ustekinumab (55.5% vs. 42.5%, p = 0.01), as were the rates of steroid-free remission (51.1% vs. 40.6%, p = 0.038). However, at week 52, objective response and remission rates presented high percentages of similarity between the two treatment groups. Clinical response at week 26 was predictive of steroid-free remission at week 52 in both categories of patients. Moreover, safety profiles were comparable between the two groups, with a higher rate of clinical remission in individuals who administered vedolizumab compared to the ones who administered ustekinumab at 1 year (Onali et al., 2022).
The VISIBLE two study is a phase 3 trial, randomized, double-blind, and placebo-controlled, evaluating subcutaneous vedolizumab as maintenance therapy in adults with moderately to severely active CD. At week 6, 50.6% of randomized patients achieved clinical remission, and 84.4% showed improved clinical response. By week 52, a significantly higher proportion of patients receiving subcutaneous vedolizumab (48.0%) compared to placebo (34.3%) were in clinical remission. Similarly, improved clinical response at week 52 was observed in 52.0% and 44.8% of patients receiving subcutaneous vedolizumab versus placebo, respectively. While statistical significance for steroid-free clinical remission at week 52 was not reached due to the lack of significance for improved clinical response, the rates were 45.3% in the subcutaneous vedolizumab arm versus 18.2% in the placebo arm. Among patients previously treated with anti-TNF, 48.6% versus 42.9% in the vedolizumab subcutaneously and placebo arms, respectively, achieved clinical remission at week 52 (Vermeire et al., 2022).
Vedolizumab exerts its effect by impeding the migration of circulating immune cells to the mucosa and exhibits selectivity for the gut by interacting with mucosal adhesion molecules. This selective mechanism of action can confer a distinct advantage in terms of long-term safety (Vermeire et al., 2019) and may also account for the longer duration required to induce remission (typically 12–16 weeks) compared to TNF inhibitors. Hence, vedolizumab may not be the optimal choice for patients with severe BC featuring acute involvement, as it necessitates a swift response to treatment (Sulz et al., 2020). It is essential to acknowledge that vedolizumab does not exert effects on the extraintestinal manifestations of IBD (Sulz et al., 2020).
3.1 Vedolizumab and nutrition
Recent studies have proposed the Nutritional Risk Index (NRI), Control of Nutritional Status (CONUT), and Universal Malnutrition Screening Tool (MUST) as potential prognostic factors for UC activity. A pilot study was conducted to verify the hypothesis that NRI, CONUT, and MUST could serve as cost-effective and efficient predictive biomarkers of response in UC patients undergoing treatment with vedolizumab (Sobolewska-Włodarczyk et al., 2023).
In the study, 21 men and 11 women underwent 52 weeks of vedolizumab therapy. Nutritional status indicators, including NRI, CONUT, and MUST scores, were assessed for each UC patient at the initiation of biologic treatment. The findings revealed that in this cohort, the MUST score was notably lower in UC patients who achieved clinical remission at week 14 during induction therapy with vedolizumab (0.33 ± 0.49 vs. 1.37 ± 0.83; p = 0.002). Additionally, analysis indicated lower baseline NRI and CONUT scores in patients experiencing clinical remission at week 14 (NRI: 96.42 ± 4.29 vs. 101.41 ± 7.09; p = 0.024; CONUT: 1.00 ± 1.08 vs. 2.16 ± 1.08; p = 0.04). Consequently, nutritional indicators (such as NRI, MUST, and CONUT) for individuals’ status may serve as valuable predictors for disease remission at week 14 after vedolizumab pharmacotherapy in UC patients. Furthermore, the study suggests that nutritional intervention combined with vedolizumab treatment could be a beneficial approach for attaining remission (Sobolewska-Włodarczyk et al., 2023).
4 USTEKINUMAB
Ustekinumab acts by binding to the p40 subunit that is shared by both interleukin-12 (IL-12) and interleukin-23 (IL-23), thereby inhibiting their interaction with the IL-12 receptor β1 subunit within the IL-12 and IL-23 receptor complexes (Benson et al., 2011).
The IM-UNITI study investigated the effectiveness and safety of ustekinumab treatment over a 5-year period in patients with CD. Individuals who completed safety and efficacy evaluations at week 44 of the maintenance study were eligible to continue therapy (Sandborn et al., 2022a). Unblinding occurred following completion of the maintenance study analyses in August 2015, and placebo-treated patients were discontinued from the study after disclosure. Efficacy assessments were conducted from 12 to 12 weeks since baseline and also at subsequent dosing visits until week 252. Serum concentrations of ustekinumab and anti-drug antibodies were measured at weeks 252 and 272, respectively (Sandborn et al., 2022a). At week 252, 34.4% of patients receiving ustekinumab treatment every 8 weeks and 28.7% of those receiving treatment every 12 weeks achieved clinical remission. Among patients continuing into the long-term treatment extension, remission rates were 54.9% and 45.2% respectively. Ustekinumab serum concentrations remained consistent throughout the extended long-term treatment. Anti-drug antibodies were present in 5.8% of ustekinumab-treated patients during induction and maintenance phases, persisting into the long-term extension (Sandborn et al., 2022a).
The objective of the UNIFI study was to assess the effectiveness and safety of maintaining ustekinumab treatment for a duration of 3 years in patients with UC. Among patients randomized to the ustekinumab every 12 weeks and every 8 weeks groups at baseline maintenance, 54.1% and 56.3%, respectively, achieved symptomatic remission at week 152 (Abreu et al., 2022). In total, 20% of patients discontinued the treatment with ustekinumab, with a discontinuation rate of 10% among ustekinumab-naïve patients and 30% among biologic-exposed patients. Among patients who achieved symptomatic remission at year 3, 94.6% and 98.0% were also without corticosteroid treatment, respectively. Corticosteroid-free symptomatic remission rates in the ustekinumab every 12 weeks and every 8 weeks groups were 51.2% and 55.1%, respectively, at week 152. Notably, remission rates were higher for biologic-naïve patients compared to those with a history of biological insufficiency (Abreu et al., 2022).
In 2021, a multicenter cohort study was conducted involving 108 patients with UC who received ustekinumab treatment. Among them, 56.5% were women, 91.7% had prior exposure to anti-TNF, 39.8% had more than two previous biological exposures, and 57.4% were receiving oral corticosteroid therapy. Nearly 40% of UC patients in the study achieved remission following ustekinumab induction. However, over 40% required ustekinumab therapy intensification, which was notably associated with having more than two prior biologic exposures. Among patients who underwent dose escalation, over 50% achieved corticosteroid-free remission, although those with minimal or no response to induction were less likely to achieve remission after intensification (Dalal et al., 2022).
4.1 Ustekinumab and nutrition
An article published in 2021 documents the case of a 10-year-old girl diagnosed with CD. Alongside treatment with 5-aminosalicylic acid, transient prednisolone, and ustekinumab, she was prescribed a low-fat diet. By week 75, the patient achieved clinical remission that could also be visualized through endoscopy, as evidenced by the weighted pediatric CD activity index, fecal calprotectin levels, and colonoscopy results. Notably, she did not experience adverse events such as infusion reactions or increased susceptibility to infections during this period. These findings suggest that ustekinumab, when used as the initial biological agent, can be an effective and safe treatment for CD in pediatric patients, with diet playing a potentially important role as an adjunctive factor (Fujita et al., 2021).
5 ANTI-IL23 P19 DRUGS
Heterodimeric cytokines IL-12, IL-23, IL-27 and IL-35 are part of the IL-12 group (Parigi et al., 2022). IL23 contains a specific p19 subunit and a shared p40 subunit, and is mainly produced by macrophages, monocytes, and activated dendritic cells after Toll-like receptor signalling (Noviello et al., 2021). Due to its activity on both innate and adaptive immune pathways, IL-23 has been involved in multiple autoimmune pathologic processes (Gottlieb and Sands, 2022). Activating various target cells, IL23 is able to determine a strong proinflammatory reaction (Noviello et al., 2021) and has an essential role in the pathogenesis of UC and CD, promoting a Th17 cell-related immune response (Parigi et al., 2022; Bretto et al., 2023).
Different studies have proved that IBD patients have higher serum, plasma, and intestinal levels of both IL-23 and Th17 cytokines. Furthermore, the IL-23 receptor affected or loss of functionality and IL-23 inhibition have been investigated by various researchers, who have further shown connection with diminished risk of IBD (Gottlieb and Sands, 2022). Risankizumab, mirikizumab, and guselkumab are three monoclonal antibodies currently approved or in advanced clinical trials for either CD or UC.
Risankizumab is a humanized IgG1 monoclonal antibody that is able to target the p19 subunit on the IL-23 (Horst and Cross, 2023; Sakkas et al., 2019) and has proven efficacy in psoriasis, psoriatic arthritis and CD (Baeten et al., 2018). This compound represents the first specific IL-23 inhibitor as approved therapy for moderately to severely active forms of CD in adult individuals who experienced an inadequate response to or were not tolerant to conventional or a biologic pharmacotherapy, in the European Union, USA, and Canada in 2022 (Dubinsky M. et al., 2023; European Medicines Agency, 2023a).
Risankizumab is available as a single use vial containing 600 mg of risankizumab in 10.0 mL of solution. It must be diluted before being administered by a healthcare professional as an intravenous infusion while using aseptic technique. As the recommended risankizumab regimen has two parts, for the subsequent subcutaneous dosing regimen it is available as a single-use 1-mL pre-filled pen/syringe. The safety profile observed in CD patients treated with risankizumab was in accordance with the one observed in individuals diagnosed with psoriasis. The risk of infection may rise due to risankizumab therapy, and upper respiratory infections (13% in psoriasis, 15.6% in CD) were registered as the most frequently adverse reactions (European Medicines Agency, 2023a).
In a review article from 2023, Clement et al. concluded that in the elderly, risankizumab has favorable side effect profiles with regards to malignancy and infections and can be considered a first line treatment option (Clement et al., 2023).
Mirikizumab is another monoclonal antibody formulated as a humanised immunoglobulin G4 (IgG4)-variant. Mirikizumab is able to bind to the p19 subunit of IL-23, clinically efficient and with a favourable safety profile in psoriasis, UC and CD (Dubinsky MC. et al., 2023; Steere et al., 2023).
It showed clinical advantage, also for bowel urgency, in two phase 3 trials (LUCENT-1 and LUCENT-2) in individuals with moderately to severely active forms of UC, which comprised 52 weeks of continuous therapy. Nevertheless, In LUCENT-1, patients randomly received blinded mirikizumab 300 mg I.V. every 4 weeks, while in LUCENT-2, patients were re-randomized to mirikizumab 200 mg S.C. or placebo S.C. (Dubinsky et al., 2022a).
In a randomised clinical trial in individuals with moderate-to active forms of UC, a phase 2 study, with a duration of 52-week, mirikizumab proved to be efficacious and well-tolerated, and meaningfully diminished stool frequency, bowel urgency, and rectal bleeding (Dubinsky et al., 2022b).
In 2023, mirikizumab was approved in Japan (Keam, 2023) and in the European Union for the adult individuals’ treatment with moderate-severe active UC who were intolerant to or have not had an adequate response or even lost response to either conventional or a biologic therapy (European Medicines Agency, 2023b).
Similar to risankizumab, the recommended regimen of mirikizumab is divided in two sections. For the induction dose, a single use vial containing 300 mg of mirikizumab in 15 mL of solution should be administered by intravenous infusion, after dilution. For the maintenance dose, it is available as a single-use 1-mL pre-filled pen/syringe for subcutaneous administration. Upper respiratory tract infections (7.9%, most often nasopharyngitis), various injection site reactions (during the maintenance period), rash and headache were noted as the most often adverse reactions. Like risankizumab, mirikizumab is contraindicated in clinically important active infections (active tuberculosis) (European Medicines Agency, 2023b).
Guselkumab is approved for treatment in patients diagnosed with moderate to severe plaque psoriasis and with active psoriatic arthritis in several countries (Peyrin-Biroulet et al., 2023). It represents the first monoclonal antibody fully designed as human immunoglobulin G1 lambda (IgG1 λ) selectively aiming and coupling to IL-23; its blocking action is caused by the interaction with the receptor positioned at the cellular surface that usually is bound by the IL23 p19 subunit, further inhibiting signalling pathwats specifically mediated through IL-23.
Guselkumab can be administered intravenously or subcutaneously (Bretto et al., 2023). Guselkumab is packed as a mono-dose single-use 1-mL prefilled syringe, and has no absolute contraindications and no negative interactions with gastrointestinal system. With a major safety profile, after healthcare professionals’ training, it can be also administered by patients themselves (Valenti et al., 2022).
In two recent placebo-controlled trials included in phase 2 and double-blinded, the safety and efficacy of guselkumab were observed and analyzed, in individuals with either moderately to severely active CD (“GALAXI-1 study”) or moderately to severely active UC (“QUASAR Phase 2b Induction Study”) with prior intolerance and/or inadequate response to corticosteroids, immunosuppressants, or advanced therapy. Patients were randomly treated with guselkumab 200 mg, 600 mg, or 1,200 mg I.V. (in “GALAXI-1 study”), and 200 or 400 mg (in “QUASAR Phase 2b Induction Study”) or placebo at weeks 0, 4, and 8. In both studies, guselkumab therapy demonstrated superior efficacy versus placebo, and efficacy and safety were similar between guselkumab dose groups at week 12 (Peyrin-Biroulet et al., 2023; Sandborn et al., 2022b).
5.1 Anti-IL23 p19 drugs and nutrition
In recent times, there has been a surge in analyses focusing on the gut microbiome and metabolome, with numerous promising studies dedicated to restoring a healthy balance in the gut microbiome. These advancements offer new hope for individuals affected by IBD (Elhag et al., 2022). In this field, risankizumab has been studied in moderate-to-severe CD in a phase II randomized, placebo-controlled trial (Parigi et al., 2022). This molecule binds to interleukin 23 to prevent the cytokine binding to its receptor and therefore decrease inflammation (Risankizumab for psoriasis, 2020). This process can be influenced to help these molecules through nutritional interventions. Targeting inflammatory pathways through nutritional interventions could potentially offer a sustainable approach to treatment strategies for chronic immune-mediated diseases. The nutritional curcumin (CUR), that can be found in turmeric, is beneficial in cell-mediated autoimmune diseases. CUR silences IL-23/Th17-mediated pathology by enhancing HO-1/STAT3 interaction in CD (Brück et al., 2017). There is also a study made on turmeric-derived nanovesicles (TNV) or alleviation of colitis. Oral administration of TNVs demonstrated outstanding anti-inflammatory efficacy by restoring the compromised intestinal barrier, modulating the gut microbiota, and altering the macrophage phenotype (Gao et al., 2022).
Individuals with CD were observed to have an elevated population of innate lymphocytes expressing RORt+ in the lamina propria compared to controls. This increase was found to be dependent on IL-23 (Wallace et al., 2014). Selective inhibition of IL-23, demonstrated by drugs like risankizumab and mirikizumab, appears to be effective in the treatment of CD, with emerging evidence suggesting efficacy in UC as well (Misselwitz et al., 2020). Mirikizumab, as a monoclonal antibody, displayed typical pharmacokinetic characteristics, where clearance was observed to increase with body weight and decrease with albumin levels. Additionally, bioavailability was found to decrease with body mass index. This may suggest that administration of mirikizumab treatment and, at the same time, nutritional intervention to stop malnutrition in patients with IBD may be a beneficial combination (Chua et al., 2023).
The characteristics of the analyzed studies that further evaluated the efficacy and safety of novel therapeutic agents approved for IBD treatment are presented in Table 1.
TABLE 1 | Characteristics and outcomes of clinical studies regarding novel pharmacotherapy in IBD.
[image: Table 1]Nevertheless, in Figure 2 are summarized the mechanisms of action for these drugs.
[image: Figure 2]FIGURE 2 | Mechanisms of action for novel therapeutic agents in IBD. (TNF-R, TNF receptor; IL-R, interleukin receptor, JAK, Janus-kinase; Infliximab, Certolizumab and Adalimumab act by binding to TNF-R and blocking TNF-α activity; Tofacitinib binds to several IL-receptors and inhibits JAK signalization; Ustekinumab is capable of binding to p40 fraction from both IL-12 and IL-23, while Guselkumab, Risankizumab and Mirikizumab bind only to IL-23, exhibiting an anti-inflammatory activity; Vedolizumab targets the α4β7 integrin and migrates through the intestine by using T lymphocytes and a specific adhesion molecule called MadCAM-1.)
6 VACCINATION AND IBD
Chronic IBD requires immunosuppressive treatments that further expose individuals to a higher risk of complications and infections (Launay et al., 2015). Live-attenuated vaccines are contraindicated after therapy has been initiated in IBD individuals, but world-wide guidelines recommend various non-live vaccines in order to limit impaired immune responses (Garcillán et al., 2022). However, data is not sufficient regarding the effectiveness of various vaccinations schemes in patients diagnosed with IBD. Nevertheless, the immunological pathways activated through vaccination could negatively influence the evolution of IBD (Launay et al., 2015), as immunosuppressive agents (such as corticosteroids, azathioprine, 6-mercaptopurine, tacrolimus, cyclosporine, adalimumab, golimumab, infliximab, ustekinumab, tofacitinib) could cause difficulty in vaccines to enhance the antibody titre (Shirai et al., 2018). Even more, combination of immunosuppressive therapies increases the prevalence of opportunistic infections in individuals diagnosed with IBD (Ishige et al., 2023). But the mechanisms behind impairment of the immune response are still poorly understood.
Vaccine response is based on both humoral and cellular immunity, as antigens are presented by MHC class II molecules to B and T-lymphocytes through professional antigen-presenting cells (dendritic cells, macrophages), after initiation of phagocytosis (Garcillán et al., 2022; Jiskoot et al., 2019). Several immune complexes can activate cytolytic complement pathway and phagocytic cells can express receptors that will bind to activated complement factors and will stimulate phagocytosis (Jiskoot et al., 2019). The antigen recognition and interaction of dendritic cells and CD4+ helper T-cells (surface molecules) activate T helper cells as a co-stimulation mechanism (Jiskoot et al., 2019; Abbas et al., 2014; Delves et al., 2017) and, further, ensure pro-inflammatory cytokine production (Jiskoot et al., 2019; Abbas et al., 2014; Delves et al., 2017).
T cells and cytokines secreted by Th cells (CD4+ helper T pathway) therefore mediate elimination or death of infected cells, by activating macrophages through Th1, B cells through Th2 and cytotoxic T cells (Jiskoot et al., 2019; Abbas et al., 2014; Delves et al., 2017). Cytotoxic T lymphocytes (CTLS) are differentiated through CD8+ cytotoxic T cells pathway and are directly involved in recognition of foreign antigens (that are expressed on cell surface by MHC class I molecules), production of cytolytic proteins (perforins and granzymes), and subsequently, apoptosis (Jiskoot et al., 2019; Abbas et al., 2014; Delves et al., 2017). This mechanism is also supported by macrophages responsible of killing intracellular pathogens. Cytokines, represented by interleukin-12 and type 1 interferon, promote the ability of CTLS to kill target cells, therefore they are essential for CTLS development (Jiskoot et al., 2019; Abbas et al., 2014; Delves et al., 2017).
On the other hand, antigen binding and Th2 cells production also initiates clonal expansion and antigen specific B-cells differentiation, leading to antibodies production (Jiskoot et al., 2019; Abbas et al., 2014; Delves et al., 2017). Long-lasting plasma cells are therefore differentiated in lymphoid follicles from B cells and can further ensure an anamnestic immune pathway in case of re-exposure to the antigen (Slifka and Amanna, 2019; Zimmermann and Curtis, 2019).
Vaccines are able to exploit immunological adaptative response (Jiskoot et al., 2019; Abbas et al., 2014; Delves et al., 2017). Various Th cells are dependent on the functionality and production of IL-6, IL-23, IL-17 and IL-22, which further have been linked to IBD development (Jiskoot et al., 2019; Abbas et al., 2014; Delves et al., 2017). IBD itself could also alter the effectiveness of vaccination (Jones et al., 2021).
Yet, IBD is not considered a contraindication for inactivated vaccines (Haemophilus influenzae type b, recombinant Herpes-Zoster vaccine, diphtheria-tetanus, diphtheria-pertussis-tetanus, hepatitis B vaccine, injectable influenza vaccine, pneumococcal 13- and 23-valent vaccines, Human Papilloma Virus, COVID-19), according to worldwide recommendations, such as those of Centre for Disease Control and Prevention from the USA, The Japanese Society of Gastroenterology, Canada’s National Advisory Committee on Immunization recommendations, British Society of Gastroenterology (Lamb et al., 2019; Jones et al., 2021). Pneumococcal vaccine and annual injectable influenza vaccine are strongly recommended in IBD patients on immunosuppressant treatment, although they are preferred prior to therapy initiation (Lamb et al., 2019). It is generally accepted that non-live vaccines are considered beneficial for individuals (both adults and children) diagnosed with IBD, with no regard to their immune status (Ishige et al., 2023).
On the other hand, live vaccines (measles, mumps, rubella vaccine, polio, varicella zoster vaccine, rotavirus, smallpox, chickenpox, BCG vaccine, yellow fever, oral typhoid Ty21a, oral or nasal influenza vaccine) are not usually administered or recommended for IBD individuals who are receiving immunosuppressive therapy, as future research is necessary in order to assess risk-benefit report (Benchimol et al., 2021). Moreover, live vaccines need to be avoided even after discontinuing immunosuppressive therapy, for at least 3 months (Lamb et al., 2019; Ishige et al., 2023). Intra-uterine infants exposed to biologics have a contraindication in receiving live vaccines for 6 months after birth (Lamb et al., 2019).
The most frequently discussed vaccinations are the ones against influenza virus and pneumococcal infections (Garcillán et al., 2022). A phase III prospective multicentre study evaluated both the efficacy and the 2-year impact safety of anti-H1N1 vaccine in 255 adults diagnosed with IBD (Launay et al., 2015). Although the influenza vaccine provided high rates of immune protection, the serological protection was diminished in patients receiving anti-TNF agents (Launay et al., 2015; Marín et al., 2015). Shirai et al. concluded in their research that it is difficult to obtain immunogenicity, even after vaccination with a quadrivalent inactivated influenza vaccine in individuals treated with infliximab (Shirai et al., 2018). However, a recent randomized clinical trial, conducted by Caldera et al., proved that higher doses of influenza vaccine in IBD individuals who received treatment with anti-TNF agents in monotherapy involved a greater antibody titre compared to standard doses (Caldera et al., 2020). No increase in antibody activity was noted in a prospective clinical trial that included patients with various regimens and influenza vaccine, although the research correlated the absence of immune response with previous annual vaccination that contributed to a seropositive state of all patients (Harrington et al., 2020). A decrease in serum levels of IL-2 has been linked with diminished immune response after influenza vaccination in IBD patients (Marín et al., 2015). However, the ability of B lymphocytes to generate antibodies was amplified after repeated influenza vaccination (Frasca et al., 2016).
Another randomized clinical trial concluded that individuals who were vaccinated against pneumonia using either the 23-valent pneumococcal polysaccharide vaccine or the 13-valent pneumococcal conjugated vaccine while administering immunosuppressive TNF antagonists proved an unbalanced antibody response compared to the ones that did not receive therapy (Kantsø et al., 2015). The European Crohn’s and Colitis Organisation underlines the importance of knowing the antibody titre of individuals diagnosed with IBD, even in case of receiving routine vaccines, such as pneumococcal or hepatitis (Marín et al., 2015). In case of pneumococcal 23-valent vaccine, the polysaccharides are antigens that do not depend on T-lymphocytes activity, but they can be targeted by B-cells that will further produce antibodies against bacteria (Marín et al., 2015). IBD patients, even without receiving treatment, are deficient in memory B cells compared to healthy individuals, due to impaired spleen functionality (Marín et al., 2015), or have B cells’ functionality switched from the naïve B-cell mechanisms (Fleming et al., 2022). Despite all these aberrant immune responses in IBD individuals, another open-label multicentre phase IV clinical trial conducted by Pittet et al. also supported the use of pneumococcal vaccine in those patients, after including more than 300 adults who received 13-valent pneumococcal conjugated vaccine (Pittet et al., 2019).
A prospective and clinically controlled trial conducted by Harrington and colleagues, in which 160 vaccinations with either influenza, pneumococcal or hepatitis B vaccines where administered, included patients grouped in four categories based on the medication regimen (Harrington et al., 2020). Their conclusion supported vaccination in patients with IBD and underlined that vedolizumab treatment led to non-inferior immunogenic response in case of hepatitis B vaccination, when compared to control groups that did not receive immunosuppressive therapy (Harrington et al., 2020). Vedolizumab is not considered by some researchers an immunosuppressive agent, as it provides gut-selectivity (Ishige et al., 2023; Harrington et al., 2020). The ability of hepatitis B vaccine to induce a proper immune response depends on the T lymphocytes response to the antigen, implicitly on the functionality of antigen-presenting cells (Marín et al., 2015).
However, one of the most recently researched vaccine in IBD patients has been SARS-COV-2 vaccine based on mRNA. T-lymphocytes represent a critical pathway of the immune response in vaccination and IBD, as T cells are able to specifically recognise the antigen through MHC class I and II molecules and receptors (Xu et al., 2022). Anti-TNF agents and corticosteroids have been linked with lower serum levels of antibodies post-SARS-COV-2 vaccination in individuals diagnosed with IBD (Kappelman et al., 2021). Another prospective research that included 521 subjects, diagnosed with IBD, concluded that SARS-COV-2 vaccine was successfully received and that those with T-cells deficiencies could benefit of enhanced booster protocols (Xu et al., 2022). Lin et al. also noted that higher values of antibody were found in IBD adults presenting antecedents of COVID-19 infection prior to vaccination, independent on the specific immunosuppressive therapy (Lin et al., 2022). Moreover, infliximab treatment was linked to a diminished and less durable immune activity after administering two doses of vaccine in comparison with vedolizumab (Lin et al., 2022). Another agent that was not involved in attenuated immune responses post-vaccination is ustekinumab (Bordalo Ferreira et al., 2023). Researchers, therefore, recommend SARS-COV-2 vaccination in all patients diagnosed with IBD and receiving anti-TNF agents (Lin et al., 2022), although diminished humoral responses have been noted in those specific populations (Bordalo Ferreira et al., 2023).
Although the precise cause of IBD is under research, the innate and adaptative immune responses appear dysregulated, even before initiation of therapy (Geremia et al., 2014). Production of excessive antimicrobial peptides, stimulation of macrophages and dendritic cells, excessive differentiation of Th1, Th2 and Th17, and increased autophagic mechanisms are seen as aberrant innate immune pathways in IBD, that further lead to chronic and dramatic inflammation (Geremia et al., 2014; Lu et al., 2022). Perturbance between maintaining the beneficial and protective bacterial antigens and removing the intestinal pathogenic bacteria is directly involved in IBD pathogenesis (Geremia et al., 2014; Chen et al., 2021). Intracellular endoplasmic reticulum stress response and autophagic dysfunctionality, dysregulation of Th1 and Th2 mediated responses, chronic inflammatory responses induced by IL-23, expansion of Th17 cells (derived from TGF-beta and IL-6) and epithelial TNF-induced apoptosis are several pathways involved in IBD (Geremia et al., 2014; Larabi et al., 2020). Moreover, IL-12 initiates differentiation of naïve cells (such as CD4+ T cells that are able to form Th1 cells). These activated cells are further responsible of IFN-γ production and also ensure the proliferation of NK cells and CTLS, while IL-23 increases inflammatory Th17 responses (Lu et al., 2022). Proper autophagy mechanisms are not only essential to avoid IBD, but also to ensure an optimal response to anti-TNF agents (Larabi et al., 2020). These are some of the reasons why IBD itself could disrupt further immune responses induced by vaccination, as elevated levels of cells expressing IgG after B lymphocytes dysregulation (also known as switching mechanism of B cells) have been noted in case of intestinal inflammation (Fleming et al., 2022). Nevertheless, B-cell depleting agents, molecules that act as TNF blockers and CTLA-4 fusion protein (abatacept) have been associated with the greatest reduction in immunological response after vaccination (Garcillán et al., 2022; Jiskoot et al., 2019). Anti-integrin α4β7, anti-IL-6, anti-IL-12/23, anti-BAFF or anti-IL-17 agents have not been involved in attenuation of vaccine responses (Garcillán et al., 2022; Slifka and Amanna, 2019; Zimmermann and Curtis, 2019). A classification regarding the involvement of IBD treatments in post-vaccination immune responses is presented in Table 2.
TABLE 2 | IBD therapies and immune responses after several vaccines.
[image: Table 2]7 GENERAL RECOMMENDATIONS FOR PATIENTS DIAGNOSED WITH IBD
Considering the Western diet is a major risk factor for IBD, and with the adaptation to western food, the incidence of IBD is also increasing in African and Asian countries. Therefore the interplay between Western diet and IBD should be extensively studied in clinical trials. Multidisciplinary approach should be included within these studies among individuals with UD or CD, as both appropriate vaccination and diet could influence treatment outcomes. In order to support this approach, recommendations regarding nutritional aspects for patients and healthcare professionals are summarized in Table 3 (UCSF, 2024; Magro et al., 2024).
TABLE 3 | Dietary recommendations for IBD patients.
[image: Table 3]IBD patients are recommended to avoid ultra-processed food and to have smaller, more frequent meals that are better tolerated and can maximize nutritional intake (as discussed in Table 3). Additionally, they should consider taking nutritional supplements if solid foods are not well tolerated or appetite is diminished (UCSF, 2024; Magro et al., 2024).
8 CONCLUSION
Biological therapies represent a large area of research regarding autoimmune diseases.
The unknown causes of downgrading of IBD, the diversity of responses to drug therapies, the complexity of case management determine the particularity of each patient. Thus, the continuous study of the evolution of biological therapies and their approach together with the nutritional and psychological aspects remains a challenge for multidisciplinary teams.
In IBD patients, data regarding the effectiveness of various vaccinations schemes is insufficient. Future large, well-designed studies are needed for a more profound insight of the pathogenic mechanisms and novel drugs modes of action with the aim of improving patient identification and pharmacotherapeutic stratification.
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Food groups Recommended during flare-ups To avoid ing flare-ups

Vegetables - the casiest to digest (asparagus, potatoes) - hard-shelled ones
- cooked/mashed/without skin - the ones that cause bloating (broccoli, cabbage, cauliflower, lettuce)
 the juice left after boiling can be added to pasta/rice

Fruits - applesauce, melon, avocado, bananas, papaya - fruits with a high fiber content (oranges, dehydrated fruits)
- thermally prepared/peeled/mashed/compote - fruits with seeds (strawberries, raspberries)
Cereals - refined cereals - cereals with nuts and seeds
- porridge, potatoes, rice, pasta - popcorn
Proteins - lean meat (fish, chicken, turkey), salmon - fatty, fried or hyper-processed meat
- eggs, tofu - whole walnuts

- peanut butter/almonds/cashew butter/almond milk

Beverages - water - carbonated drinks, coffee, alcohol
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VISIBLE 1

216

Patients achieved clinical remission at week 52

« in the subcutancous vedolizumab group: 46,2%
in the intravenous vedolizumab group: 42,6%
© placebo group: 14,3% (Sandborn et al, 2020)
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Study conducted by
Onali et al
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644
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Long-term treatment with vedolizumab consistently upheld or
enhanced health-related quality of life (HRQOL) in individuals
diagnosed with moderate to severely active UC or CD (Loftus
etal, 2020)

o superior histological remission compared to adalimumab
at week 14

© higher rates of mucosal healing compared to adalimumab
at week 52 (Peyrin-Biroulet et al,, 2021)

Higher rates of clinical remission in patients treated with
vedolizumab compared to ustekinumab (55.5% vs. 42.5%)
(Onali et al,, 2022)

Clinical remission by week 52
© 48.0% of patients receiving subcutaneous vedolizumab,
© 34.3% of patients receiving placebo

Improved clinical response at week 52
© 52.0% of patients receiving subcutaneous vedolizumab,
© 44.8% of patiens receiving placebo (Vermeire et al, 2022)

At week 252 achieved clinical remission

© 34.4% of patients receiving ustekinumab treatment every
8 weeks

© 28.7% of those receiving treatment every 12 weeks
(Sandborn et al.,, 2022a)
Among patients continuing into the long-term treatment
extension, remission rates were 54.9% and 45.2%
respectively (Sandborn et al., 2022a)

UNIFL

Multicenter cohort
study Dalal et al
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LUCENT-2

GALAXI-1

QUASAR Phase 2b
Induction Study

399

108

LUCENT-1: 1,162

LUCENT-2: 544

309

313

Symptomatic remission at week 152
@ 54.1% of pacients receiving ustekinumab every 12 weeks
© 56.3% of pacients receiving ustekinumab every 8 weeks
(Abreu et al, 2022)

@ 40% of UC patients achieved remission following
ustekinumab induction

© among patients who underwent dose escalation, over 50%
achieved corticosteroid-free remission (Dalal et al., 2022)

It showed clinical advantage, also for bowel urgency in
individuals with moderately to severely active forms of UC,
which comprised 52 weeks of continuous therapy (Dubinsky
et al., 2022a)

Superior efficacy versus placebo, and efficacy and safety were
similar between guselkumab dose groups at week 12 in
individuals with either moderately to severely active CD.
(Sandborn et al., 2022b)

Similar results with the ones obtained from GALAXI-1 study
(Peyrin-Biroulet et al, 2023)
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B cell-depleting therapies (rituximab) (Jiskoot et al, 2019; Pittet et al., 2019)  1L-12/23 inhibitor (ustekinumab) (Bordalo Ferreira et al,, 2023; Geremia et al.,

© TNFinhibitors (Launay et al., 2015; Shirai et al,, 2018) 2014)

® cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) fusion protein (abatacept) @ Antiintegrins (vedolizumab) (Bordalo Ferreira et al., 2023; Geremia et al., 2014)
(Garcilldn et al,, 2022; Jiskoot et al., 2019) © integrin, IL-6, IL-12/23, IL-17, and B-cell activating factor (BAFF) inhibitors

© corticosteroids (Launay et al, 2015) (Garcilldn et al,, 2022; Slifka and Amanna, 2019; Zimmermann and Curtis, 2019)
® thiopurines (Jiskoot et al., 2019)

® methotrexate (Jiskoot et al., 2019)
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