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Abstract

:

Eosinophilic esophagitis (EoE) is an emerging atopic disease of unknown etiology limited to the esophagus. The pathogenesis is still understood and is likely characterized by type 2 inflammation. Food allergens are the primary triggers of EoE that stimulate inflammatory cells through an impaired esophageal barrier. In children and adolescents, clinical presentation varies with age and mainly includes food refusal, recurrent vomiting, failure to thrive, abdominal/epigastric pain, dysphagia, and food impaction. Upper-gastrointestinal endoscopy is the gold standard for diagnosing and monitoring EoE. EoE therapy aims to achieve clinical, endoscopic, and histological (“deep”) remission; prevent esophageal fibrosis; and improve quality of life. In pediatrics, the cornerstones of therapy are proton pump inhibitors, topical steroids (swallowed fluticasone and viscous budesonide), and food elimination diets. In recent years, much progress has been made in understanding EoE pathogenesis, characterizing the clinical and molecular heterogeneity, and identifying new therapeutic approaches. Notably, clinical, molecular, endoscopic, and histological features reflect and influence the evolution of inflammation over time and the response to currently available treatments. Therefore, different EoE phenotypes and endotypes have recently been recognized. Dupilumab recently was approved by FDA and EMA as the first biological therapy for adolescents (≥12 years) and adults with active EoE, but other biologics are still under consideration. Due to its chronic course, EoE management requires long-term therapy, a multidisciplinary approach, and regular follow-ups.
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1. Introduction


Eosinophilic esophagitis (EoE) is a chronic/remittent, antigen-mediated disease involving the esophagus [1]. The first case of EoE was described in 1978 by Landres et al. and was considered an esophageal motility disorder [2]. Subsequently, esophageal eosinophilia was considered a feature of gastroesophageal reflux disease (GERD) [3]. EoE was only recognized as a distinct clinical entity by Attwood and Straumann in the early 1990s [4,5]. Since then, several efforts and progress have been made to understand the pathophysiology and natural history of this clinically heterogeneous disease, which significantly impacts patients’ quality of life and health care systems.




2. Epidemiology


EoE has evolved from a rare to a frequent upper gastrointestinal tract disease commonly encountered in pediatric clinical practice [6]. The global prevalence of EoE is 0.5–1 cases/1000 persons [6]. In children, the pooled incidence of EoE is 6.6 cases/100,000 persons each year, whereas the overall prevalence is 34 cases/100,000 children [6]. In the Netherlands, the incidence rates increased from 0.01/100,000 (95% CI: 0.0–0.04) in 1995 to 3.16/100,000 (95% CI: 2.90–3.44) in 2019 [7]. The prevalence of pediatric EoE varies from 2.3/100,000 in Denmark to 90.7/100,000 in Ohio [6].



In recent years, several studies have reported a relevant increase in EoE epidemiology, especially in children living in developed countries [8,9,10,11,12,13,14,15]. This phenomenon occurred parallelly with the dramatic increase in the prevalence of allergic disorders observed over the last few decades [16,17]. Economic development combined with high welfare status, the wide distribution of food resources, and improvements in hygienic conditions may potentially contribute to EoE pathogenesis, which is multifactorial. Although some genetic polymorphisms are known to increase the risk of EoE, environmental factors, including a diet rich in modified and enriched foods, are probably the most crucial players in disease development [6,18].




3. Pathogenesis


EoE is a multifactorial disease in which genes and environment are pathogenetic factors [18]. Their intricate interaction alters the esophageal epithelial barrier, allowing abnormal exposure to allergens (primarily foods) and other luminal components [19]. The impaired barrier leads to the local release of alarmins, including the thymic stromal lymphopoietin (TSLP) and interleukin (IL)-33, which drive the differentiation of T helper 2 (Th2) effector cells and the consequent production of Th2 cytokines (IL-4, IL-5, IL-9, and IL-13) and eosinophil recruitment [20,21]. IgEs, crucial in several atopic diseases, do not have a primary role in EoE pathogenesis [18]. The inflammatory milieu in children with active EoE is also characterized by increased angiogenesis, which was demonstrated through evidence of high levels of angiogenic factors, including vascular endothelial growth factor (VEGF), vascular adhesion molecule-1 (VCAM-1), angiogenin, and IL-8 [21].



The role of genetics in EoE pathogenesis was suggested owing to clinical evidence, which has showed that EoE prevalence varies among sex (male: female ratio = 3:1) and ethnicity (EoE is more common in White than Black or Hispanic children) [22,23]. Moreover, having a first-degree family member with EoE is a known risk factor (OR 16.3; 95% CI, 9.4–28.3), which is markedly higher in monozygotic than in dizygotic twins (41% vs. 22%) [24,25]. Despite this evidence, twin studies report a low disease concordance, highlighting the crucial role of environmental factors. The effect of genetics seems to occur in conjunction with environmental factors, including early-life exposures [18]. Early life is a critical period in which the developing immune system and gut microbiota mature and become susceptible to environmental exposures [18]. A few studies have focused on the role of early-life exposures [26,27,28,29,30]. Formula feeding, neonatal intensive care admission, prematurity, maternal fever, early antibiotic or acid suppressant use, and cesarean delivery were all considered putative early risk factors of EoE [18].



Genome-wide association (GWA) studies allowed the identification of different genetic loci involved in the expression of Th2 inflammatory cytokines and the regulation and functioning of esophageal epithelial barrier proteins [31,32,33,34]. Desmosomes, tight and adherence junctions, filaggrin, and desmoglein-1 ensure esophageal barrier integrity. Genetic variations in these genes have been reported in EoE patients [35]. The most potent association concerns the expression of dysregulated calpain 14 (CAPN14), an enzyme exclusively expressed in the esophagus and involved in barrier regulation via the IL-13 pathway [31,32,33]. Other polymorphisms were detected in EoE patients and are mainly related to the Th2 immune response, eosinophil chemotaxis, and cell adhesion [31,36,37,38]. GWA studies have also identified other genetic loci likely contributing to EoE development, including TSLP, EMSY, LRRC32, STAT6, and ANKRD27 [18,31]. These genetic loci are mainly involved in T helper 2 inflammation and epithelial barrier function and integrity. Interestingly, EoE may complicate the course of different monogenic, inherited diseases. Connective tissue disorders, including Marfan syndrome and Ehlers-Danlos syndromes, share a common pathogenic mechanism through the dysregulation of the TGF-β signaling. Children with autosomal dominant hyper-IgE syndrome (HIES) and Netherton syndrome have a high risk of EoE development [39,40].



Despite the progress achieved so far, a complete understanding of the molecular pattern will help to further classify patients into endotypes defined by a specific pathophysiologic disease mechanism and to personalize treatments. In this context, using a machine learning approach, Shoda et al. analyzed patients’ histological, endoscopic, and molecular features with EoE, identifying three endotypes. The EoEe1 endotype was recognized in 35% of enrolled patients and was mainly signed by minimal eosinophilic inflammation and responsiveness to topical steroids. The EoEe2 endotype affected 29% of patients, showing prevalent Th2 inflammation, pediatric onset, and low steroid response. The third endotype (EoEe3) was reported in 36% of patients, characterized by adult-onset and strictures [41]. Identifying these endotypes has important clinical implications because they reflect the response to currently available treatments. Indeed, patients with the EoEe1 endotype may be treated with FED and topical steroids, while children with the EoEe2 endotype may benefit from anti-Th2 immune agents (i.e., dupilumab) [42]. The available therapeutic tools for patients with the EoEe3 endotype and strictures are limited; hence, esophageal dilations are the only therapy for esophageal strictures [42].




4. Diagnosis


EoE is characterized by symptoms of esophageal dysfunction and ≥15 eosinophils per high power field (eos/HPF) in endoscopically obtained biopsies [43]. In patients with esophageal eosinophilia, other causes of esophageal eosinophilia should always be ruled out, particularly GERD, coeliac disease, Crohn’s disease, achalasia, HIES, and drug hypersensitivity. Pediatricians should diagnose EoE based on a combination of symptoms and histological and endoscopic findings, as no single feature is sufficient to establish a definitive diagnosis. Therefore, the essential diagnostic instruments are (1) a detailed medical history, (2) a correct evaluation of endoscopic features, and (3) an accurate histological examination. Upper-gastrointestinal (GI) endoscopy is currently the gold standard for diagnosing and monitoring EoE [43]. Therefore, there is a critical need for noninvasive tools and biomarkers to replace such invasive—but essential—instruments. Despite several efforts to identify potential noninvasive biomarkers, none were included in the guidelines [44,45].



Another critical point is that EoE is often delayed or misdiagnosed, especially in the first two decades of life [46]. A longer diagnostic time in children significantly impairs growth and is associated with esophageal tissue remodeling and subepithelial fibrosis, which appear with esophageal rings and strictures [47].



4.1. Clinical Features and Heterogeneity of EoE


It has been widely reported that EoE symptoms vary with age [1]. In infants and toddlers, the symptoms of esophageal dysfunction generally appear as feeding difficulties, food refusal, recurrent vomiting, or regurgitation. Older children often report abdominal or epigastric pain and refractory gastroesophageal reflux. Adolescents and adults report dysphagia (first for solid foods, then for liquids) and food impaction episodes [1]. Atypical symptoms have also been reported in EoE patients, such as a recurrent cough in children and heartburn and/or chest pain (including exercise-induced chest pain) in adolescents and adults. Children and adolescents can also develop compensative feeding habits, such as eating slowly, chewing carefully, drinking a lot during meals, cutting food into small pieces, lubricating foods with liquids, and avoiding some foods (meat, bread, and pills) [47]. Adolescents and older children can be worried about eating in public places and thus may develop anxiety disorders. Failure to thrive is a potential complication observed in EoE children due to selective feeding, food refusal, recurrent vomiting, or the occurrence of eating disorders. EoE should be generally suspected in children with gastrointestinal symptoms (reflux, abdominal pain, vomiting) not responsive to conventional therapies, especially if these are related to changes in eating behavior or disorders. Suspicious symptoms or conditions that may help to suspect EoE are summarized in Table 1.



Notably, clinical, endoscopic, and histological features reflect and influence the evolution of inflammation over time and the response to currently available treatments. Therefore, different EoE phenotypes have been recognized so far [47]. The “inflammatory” phenotype is typically observed in childhood and is characterized by the endoscopic finding of edema, erythema, linear furrowing, and prevalent eosinophilic infiltration found through histology [47,48,49,50] (Figure 1). The “fibro-stenotic” phenotype affects adults, who typically experience dysphagia and food impaction episodes [47,48,49,50]. This phenotype is defined by fixed esophageal rings and/or strictures found through endoscopy and results from tissue-remodeling phenomena [47,48,49,50] (Figure 1). While food elimination diets (FED) and medical therapies may revert esophageal fibrosis in children, this remodeling process may persist despite the resolution of esophageal inflammation in adults [51].



Several studies have shown that patients with EoE have concomitant allergic comorbidities, such as allergic rhinitis, asthma, atopic dermatitis, and IgE-mediated food allergy [36]. The prevalence of asthma reaches 60% of prevalence in pediatric series [52]. The prevalence of IgE-mediated food allergy varies from 25% to nearly 70% [53,54]. Eczema was also significantly more frequent in EoE patients than in controls [53,54]. These findings have led many researchers to consider EoE the final step of the atopic march [55]. Conversely, several non-atopic comorbidities are associated with EoE, including inflammatory bowel diseases, connective tissue disorders, autism and attention deficit hyperactivity disorders, esophageal atresia, celiac disease, and the monogenic disorders previously reported [52,56,57]. Eosinophilic gastrointestinal disorders, particularly EoE, have been found in different inborn errors of immunity, including common variable immunodeficiency and HIES [58]. Using a cluster analysis approach, Votto et al. identified and explored the clinical heterogeneity of eosinophilic gastrointestinal disorders (EGIDs), finding two clinical phenotypes of pediatric EoE. Cluster 1 was mainly composed of patients with allergic comorbidities (allergic rhinitis was the prevalent disease), high levels of total serum IgE, and blood peripheral eosinophils. Conversely, Cluster 3 consisted of non-allergic children with a history of neonatal intensive care admission, probably related to the high frequency of congenital malformations observed in this subgroup (such as esophageal atresia) [59].



Recently, Biedermann and colleagues identified and described in adult EoE patients a new clinical syndrome called “food-induced immediate response of the esophagus” or FIRE [60]. FIRE symptoms are highly pronounced, unpleasant, and even painful and are strictly linked to the contact of a specific food trigger with the esophagus, usually appearing a few minutes (<5 min) after ingestion. Symptoms have a limited duration and generally resolve in less than 30 min. The primary identified triggers are fruits, vegetables, and drinks. FIRE might be compared to the pollen food allergy syndrome (PFAS) of the esophagus [60,61]. FIRE has been described in only one pediatric case [62]. The prevalence of FIRE in children may be underestimated because symptoms are challenging to distinguish from EoE, PFAS, and GERD [62].




4.2. Endoscopic and Histological Features


Upper-GI endoscopy is the gold standard for EoE diagnosis. In children, esophageal-gastro-duodenoscopy (EGD) is always performed in a hospital setting and with general anesthesia.



Several endoscopic findings can be recognized in children and adolescents. A graded endoscopic score system has recently been developed to standardize endoscopic findings [63]. The endoscopic reference score (EREFS) is a sum and scoring of the five most prominent endoscopic features of EoE:




	
Edema (E), i.e., the loss of vascular markings (present 1, absent 0);



	
Rings (R) or esophageal trachealization (none 0, mild 1, moderate 2, severe 3);



	
Exudates (E) or white plaques (none 0, mild 1, severe 2);



	
Furrows (F) or vertical lines (none 0, mild 1, severe 2);



	
Strictures (S) (present 1, absent 0).








Edema, exudates, and furrows are considered inflammatory components, whereas rings and strictures reflect fibrotic components. An EREFS score of less than two corresponds to endoscopic remission.



Due to the need for repetitive endoscopic evaluations with multiple biopsies and the consequential high costs and psychological burden, minimally invasive methods to diagnose and monitor EoE have recently been proposed. Unsedated transnasal endoscopy was applied in clinical trials; it resulted in a feasible, safe, and cost-effective procedure for children, providing direct visualization of the esophagus and correct acquisition of biopsy samples [64]. Other, less invasive instruments are being validated in pediatric EoE monitoring, such as Cytosponge and endoFLIP to assess mucosal inflammation and esophageal stiffness and motility, respectively.



Unlike other GI tracts, the normal esophagus is entirely devoid of eosinophils. Histologically, ≥15 eosinophils in one HPF are necessary for defining EoE and active disease [43]. Other histological findings have been observed in eosinophilic esophagitis, such as spongiosis (dilation of intercellular spaces), increased mast cell and lymphocyte numbers, basal zone hyperplasia, and papillary elongation [65]. Recently, Collins et al. developed a histological scoring system (EoE-HSS) that analyzes several histologic features: eosinophil density and abscess, basal zone hyperplasia, eosinophil surface layering, dilated intercellular spaces, surface epithelial alteration, dyskeratotic epithelial cells, and lamina propria fibrosis [65]. Although EoE-HSS allows the complete evaluation of all mucosal inflammatory components, its diffusion and application in general and pediatric clinical practice is still limited.





5. Therapy


EoE treatment aims to control symptoms and esophageal inflammation and prevent complications. Current therapeutic options can be distinguished into three categories defined by three Ds: drugs (medical therapy), diet (the elimination of trigger foods), and esophageal dilation [1]. The only currently approved treatment options for EoE are budesonide effervescent tablets, approved for use by adults in most European countries, and dupilumab, approved by the FDA and EMA for patients ≥12 years old [66]. Therefore, treatments routinely used in pediatric clinical practice, like proton pump inhibitors (PPIs) or topical corticosteroids, are not approved for EoE and are prescribed off-label. Choosing the best treatment is not always straightforward and depends on disease-related aspects (severity, the presence of stenosis and comorbidities, nutritional status) but primarily on patient-related factors (the presence of eating and/or mood disorders, financial resources, motivation, lifestyle) (Figure 2).



5.1. Pharmacological Therapy


5.1.1. Topical Corticosteroids


Topical corticosteroids are effective in inducing EoE remission. Oral steroids can clinically and histologically treat EoE. However, they have significant and well-known side effects if used in the long term. Given the chronicity of EoE, long-term treatment with oral or systemic steroids is not recommended [43]. Meta-analyses of topical corticosteroids demonstrated the superiority of swallowed fluticasone or viscous budesonide compared to a placebo in resolving esophageal eosinophilia, endoscopic findings, and GI symptoms [67,68,69]. Moreover, some evidence has shown that oral budesonide can reverse esophageal fibrosis [70]. Despite regular therapy, the increase in esophageal eosinophil counts has also been described in steroid-refractory or -resistant cases [71,72].



There are many unresolved questions about the chronic use of topical steroids. There is no consensus regarding dosage, formulation, frequency, or how to obtain remission using the minimal dose. Long-term side effects are the primary concern, although they have been widely evaluated. Indeed, no studies have been conducted regarding bone health, growth, or adrenal function in children treated with swallowed steroids for longer than one year [73]. The most common side effect of topical steroids is oral and esophageal candidiasis [74]. Thus, further studies are necessary to understand the potential systemic side effects of these therapies in children.



Topical corticosteroids are typically administered once or twice daily, and dosing depends on age and disease severity (Table 1). Patients should spray fluticasone without a spacer in the back of their mouth and swallow the dose. No eating or drinking is allowed 30 min after administering the medication [73].




5.1.2. Proton Pump Inhibitors


The response rates to PPI therapy can vary widely from 30% to 70% [43]. In a meta-analysis of 32 studies on PPI treatment, 50.5% of patients achieved histologic remission [75]. The dosages that are effective in EoE treatment are 1–2 mg/kg in children and 40 mg of omeprazole (or equivalent dosages for other PPIs) once or twice daily in adults (Table 2). The mechanism of action of PPIs in EoE is still unclear. PPIs are well-established inhibitors of H+/K+-ATPase expressed by the gastric parietal cells. Thanks to their pharmacological effect, PPI reduces acidic injury to the esophagus and restores epithelial damage. PPIs also show anti-inflammatory properties, directly inhibiting epithelial STAT6, a key transcription factor for the secretion of pro-inflammatory Th-2 chemokines and cytokines [76,77]. Although the occurrence of PPI use in childhood is higher than that of topical steroids, the possible long-term effects of these medications have not been evaluated in EoE patients. Potential adverse effects (increased risk of fractures, intestinal dysbiosis, or deficiencies in certain micronutrients) should be considered during follow-up.




5.1.3. Biologic Therapies


The increasing knowledge of EoE pathogenesis has allowed several therapeutic targets to be identified and tested. The humanized antibodies against IL-5, such as mepolizumab and reslizumab, were tested in three controlled trials in children and adults with active EoE, demonstrating reduced tissue eosinophilia and a favorable safety profile. Unfortunately, clinical improvement was minimal [78,79,80]. A phase III trial using benralizumab, a monoclonal antibody against the IL-5 receptor, remains active [80,81].



Two randomized clinical trials (RCTs) with the anti-IL-13 agent and one with the anti-IL-4 receptor antagonist dupilumab showed promising results [82,83]. In a phase II study, a monoclonal antibody against IL-13 improved endoscopic and histological disease activity in the short and long term. Dupilumab is currently the most advanced biologic therapy in EoE treatment. Dupilumab is a humanized monoclonal antibody that binds to the α subunit of the IL-4 receptor and can be found in both IL-4 and IL-13 [84]. In the phase III study, dupilumab significantly relieved symptoms, reduced eosinophil counts, and improved esophageal distensibility [80]. Therefore, the FDA, then the EMA, recently approved dupilumab for treating adolescents (≥12 years) and adults with active EoE. RCTs are active in children younger than 12 years, but preliminary results showed promising results and a good safety profile, with a slight increase in respiratory infections in the treated group compared to the placebo one (Table 3).





5.2. Diet Therapies


5.2.1. Elemental Diet


In 1995, Kelly et al. applied the elemental diet (ED) to a small group of children with active EoE, and it was the first effective treatment to be proposed [85]. In the ED, all foods are removed. Patients are fed exclusively with the amino-acid-based formula for at least six to eight weeks [43,86,87]. The ED is the most effective diet therapy [43]. High complete remission rates were reported in children with active disease and an inflammatory phenotype found via endoscopy [88]. Patients with esophageal stenosis had the lowest efficacy rates [89,90,91,92,93]. In children, the ED significantly improves esophageal symptoms and results in a complete histologic remission in about 90% of cases. Therefore, ED is considered a good and valuable therapeutic option in infants and young children, who show the highest treatment compliance (Table 3) [94]. The ED also provides a source of proteins and calories necessary for adequate child growth and puberty spurt, meaning it can be especially proposed for children with EoE triggered by multiple food allergens [94]. The ED is sometimes proposed as a rescue therapy or a “bridge” treatment in adult patients and adolescents with a refractory disease [89,94]. Some authors recently proposed a “modified” ED, adding a few less-allergenic foods (vegetables or fruits) to the diet, thus improving patient acceptance and psychological impact [89,94]. Although the ED is highly effective and induces a rapid remission (of two weeks), unfortunately, its compliance is limited by several disadvantages [95]. The main reasons for low compliance and discontinuation are the unpalatable taste, high costs, and restrictive nature, causing psychosocial isolation for the child [89,94,96]. For these reasons, the ED is not a first-line approach in older children and adolescents, except in severe pediatric cases [94].




5.2.2. Empirical Food Elimination Diet (FED)


The FED is the most commonly prescribed diet therapy for EoE. The FED was first proposed to avoid the six primary food triggers of EoE in Western countries. The six-FED (or 6-FED) includes eliminating cow’s milk, wheat/gluten, egg, soy/legumes, peanut/tree nuts, and shellfish/fish [97]. In pediatric studies, the efficacy of 6-FED (assessed according to histologic remission) is about 74% [98]. In childhood, milk is the main food trigger, recognized in up to 85% of cases and followed by wheat/gluten (up to 60% of cases), egg, and soy/legumes. As reported for IgE-mediated food allergy, there is geographic variation in EoE food triggers [88]. Legumes and soy are indeed an uncommon trigger in Spain [88]. Equally, nuts and fish/seafood rarely trigger esophageal inflammation.



Although 6-FED is less restrictive than the ED, avoiding all six food groups can be challenging. Adherence to 6-FED is often limited by several drawbacks due to the relevant dietary restrictions and the need for frequent EGDs to identify the trigger food(s) and assess disease remission [94]. Therefore, 6-FED is not the ideal treatment option in childhood (Table 4). More recently, less restrictive food elimination diets (removing the most common trigger foods) have been proposed and evaluated. It was demonstrated that most patients who clinically and histologically recover with 6-FED are then allergic to only one or two foods [50]. Kagalwalla et al. reported that the elimination of four (4-FED) foods (cow’s milk, wheat, egg, and soy/legumes) induced histologic remission in 54% of treated children [99,100]. Moreover, children avoiding milk and wheat (2-FED) achieved complete remission in 40% of cases. Finally, adopting a diet free from cow’s milk (1-FED) was effective in 44–51% of pediatric patients [89]. In a recent systematic review with meta-analysis, the overall efficacy of 1-FED was about 70% [98]. In this context, Molina-Infante et al. proposed a step-up approach based on the elimination of one (1-FED) or two (2-FED) more-allergenic foods (generally milk and wheat) [101]. If complete remission is not achieved, the diet is further restricted to four and six foods [101]. This approach should be preferred in children because it leads to faster and easier identification of the culprit food(s), thus reducing the number of EGDs and diet restrictions.




5.2.3. Allergy-Test-Directed Elimination Diet


IgEs do not have a pathogenetic role in EoE. Thus far, the evidence has demonstrated that food-specific serum IgEs, atopy patch tests, and skin prick tests do not reliably predict food triggers [43,102]. A meta-analysis reported that an allergy-test-directed elimination diet induces histologic remission in about 45% of patients, with higher efficacy rates in children than adults [98]. According to this evidence, current American and European guidelines do not recommend this diet approach [43,102].






6. EoE Follow-Up


EoE is a chronic disease that requires lifelong therapy and monitoring [43,102]. The absence of guidelines and consensus recommendations limits the long-term management of EoE. In children, follow-up should include the regular assessment of symptoms, growth, nutritional status, endoscopic alterations, and histological abnormalities. Treatment response should be assessed around 8–12 weeks after initiating a novel treatment or after each relevant therapeutical change [103]. Under remission and solid adherence to treatment, the EGD should be performed once per year.



Patients treated with the FED or ED should be widely informed of the need for several EGDs to assess disease remission when each food or group of foods is reintroduced. Food reintroduction is a long process that requires several months to identify the culprit food(s). Patients treated with 6-FED generally undergo at least six endoscopies [104]. In patients exclusively fed with the amino-acid-based formula, food reintroduction is an even longer process that requires numerous EGDs.



A recent study demonstrated that, in children, topical steroids can be safely and effectively reduced to the lowest effective dose after a successful induction therapy [105].



6.1. Nutritional Issues and Assessment


Several factors may negatively influence nutritional status and caloric intake. EoE children generally show GI symptoms, like vomiting or food refusal, that may limit adequate dietary intake [106]. Children and adolescents who experience food impaction episodes present a high risk of developing eating or mood disorders, which may further compromise adequate nutrient and caloric intake [96,107]. The coexistence of multiple food allergies may further complicate the nutritional status and growth of EoE children. Long-term and restrictive food elimination diets may compromise adequate micronutrient intake, although they do not seem to worsen child growth or body mass index (BMI) [106,108]. Nutritionists play an essential role in EoE children’s care. The nutritionist should determine the degree of exposure to EoE trigger foods and the potential nutritional effects of their elimination, meticulously evaluating the patient’s diet and family eating habits [109,110]. Before beginning an empirical food elimination diet and during the follow-up, pediatricians and nutritionists should periodically assess children’s nutritional status and growth and rule out potential nutritional deficiencies.



Another critical point of EoE follow-up concerns patient and family education. Pediatricians should carefully inform and educate affected patients and families regarding what they can safely eat or cannot eat, avoid cross-contaminations, and provide the appropriate resources for additional information [94]. Parents and children should also be advised on the risk of potential food cross-contamination. Based on the specific local legislation, patients and parents should also be educated and sensitized to interpret foodstuff labels correctly [94]. The precautionary allergen warning (“may contain”) is not obligatory in some countries [94]. The potential risk of trace exposure or allergen contamination is still debated, and it has not been evaluated in EoE patients [94].




6.2. Multidisciplinary Assessment


The multidisciplinary team, including the pediatric allergist, gastroenterologist, endoscopist, nutritionist, and psychologist, is crucial in pediatric EoE management [106] (Figure 3). At highly specialized centers, these pediatric specialists should be enrolled at the first visit and during the follow-up evaluations, guaranteeing the transition from the pediatric to the adult setting. Pediatric allergists should identify and treat coexisting atopic diseases (allergic rhinitis, eczema, asthma, IgE-mediated food allergy, and drug allergy). Allergy assessment is also addressed to stratify the potential risk of IgE-mediated reactions when foods previously eliminated (especially cow’s milk) are reintroduced into the child’s diet [111].



Endoscopic and histologic abnormalities are not always associated with gastrointestinal symptoms, and children may be asymptomatic or mildly symptomatic despite active disease. Therefore, endoscopic follow-up is mandatory to evaluate disease remission and patient compliance. Regular multidisciplinary follow-up is also essential to rule out potential side effects of long-term treatments [111].



Children with suspected genetic diseases should also be assessed by a medical geneticist. In the case of a suspected hyper-IgE syndrome or Netherton syndrome, the involvement of a pediatric immunologist in the multidisciplinary team is mandatory.



The chronic nature of EoE, comorbidities, long-term therapies, and periodic EGDs are the main stressful factors for children and adolescents with EoE [96]. It has been demonstrated that EoE negatively impacts the QoL of patients [96]. Older children and adolescents may also develop eating disorders or anxiety mostly related to the fear of eating in public places or new food impaction episodes [96]. Therefore, psychological support should be provided when behavioral disorders, eating disorders, or low compliance with therapies are suspected [96]. The psychological impact of EoE is still poorly understood, and more research is needed to assess the burden of neuropsychiatric disorders and their clinical manifestations (sleep disorders, low school performance, dysfunctional family relationships, anxiety, anorexia, or bulimia) and the psychological impact of families.





7. Conclusions


EoE is an emerging chronic/remittent allergic disease with a meaningful impact on quality of life and health care systems. Despite several progresses, pediatric EoE management is still limited by gaps and unmet needs. Currently, no treatments have been approved for pediatric EoE management, and studies comparing the superiority of elimination diets with pharmacological therapies or assessing the long-term side effects are still unavailable. EoE follow-up is often limited by numerous drawbacks due to the need for several endoscopies for monitoring the disease, restrictive diets, or long-term pharmacological treatments. Therefore, there is a crucial need to:




	
Personalize treatments according to the molecular profile and clinical features of patients.



	
Assess the long-term effects of currently available therapies.



	
Identify noninvasive biomarkers and new molecular therapeutic targets.



	
Implement the use of less invasive tools to assess disease activity.



	
Improve the diagnostic process to identify the disease and prevent potential complications early.



	
Define international guidelines for long-term pediatric EoE management, focusing on the central role of a multidisciplinary approach.
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Figure 1. Features of the inflammatory and fibro-stenotic phenotypes. 
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Figure 2. Proposed algorithm for EoE management in children. AAF: aminoacidic based formula; ADHD: attention deficit hyperactivity disorder; ATP: atopy patch test; BMI: body mass index; EGD: esophagogastroduodenoscopy FED: food elimination diet; HPF: high power field; PPI: proton pump inhibitor; SPT: skin prick test. 
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Figure 3. Indications to refer EoE patients to the specialists. ADS, autism spectrum disorders; ED, elemental diet; EoE, eosinophilic esophagitis; FIRE, food-immediate response to the esophagus; FED, food elimination diet. 
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Table 1. Suspicious symptoms of EoE in children.
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	Infants and Young Children
	Older Children
	Adolescents





	Regurgitation that does not recover with formula thickening, splitting of feedings, or acid suppressants.
	GERD-like symptoms that do not recover with acid suppressants.
	GERD-like symptoms that do not recover with acid suppressants.



	Young children who prefer creamy or smoothed foods, soups, or liquids and avoid solid meals.
	Children with selective feeding (avoiding more solid foods like meat and crusty bread).
	Dysphagia for solids, then for liquids



	Toddlers with speech delay
	Children who drink a lot during meals to help food bolus progression.
	Food impaction episodes



	Young children with failure to thrive not related to more common diseases (food allergy, celiac disease, recurrent infections, or other chronic conditions)
	Children who eat slowly compared to their siblings or friends.
	Eating disorders



	Non-surgical causes of recurrent vomiting
	Epigastric/abdominal pain that is not responsive to conventional therapies for functional gastrointestinal disorders.
	Selective feeding, avoidance of solid food or pills



	Non-neurological dysphagia
	Episodes of food impaction
	Anxiety about eating in public places



	Recurrent cough/wheezing
	Non-neurological dysphagia for solid food
	Adolescents eat slowly compared to their siblings or friends.



	Gagging or coughing with feeding
	FIRE symptoms
	FIRE symptoms



	
	Recurrent cough
	Heartburn or chest pain episodes







FIRE, food-induced immediate response of the esophagus; GERD, gastroesophageal reflux disease.













 





Table 2. Pharmacological therapy of EoE in children and adolescents.
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Proton Pump Inhibitors (PPIs)

	
Slurry Budesonide

	
Swallowed Fluticasone

	
Dupilumab






	
Dose

	
Children: 1 mg/kg/day.

Adolescents: 20–40 mg/day.

	
<10 years: 1 mg/day.

>10 years: 2 mg/day.

	
<10 years: 440 mcg twice daily.

>10 years: 880 mcg twice daily.

	
>12 years (weight > 40 kg): 300 mg/weekly.




	
Specific instructions

	
Twice daily.

30 min before meals.

	
Mixed with sucralose (5 g of sucralose), honey, or 2.5 mL aminoacidic formula per mg of budesonide to make a total volume of 8–12 mL.

	
Do not use the spacer.

Do not inhale.

	
Pre-filled syringe or pre-filled pen for home administration.




	
General considerations

	
Initial treatment of 8–12 weeks.

Effective in 54% of children.

	
Second dose administered at bedtime.

Avoid eating/drinking 30 min after use.

Safe and well tolerated.

	
Before beginning:



	
₋ exclude parasitic (helminth) infection;



	
₋ assess the vaccination status (patients should not receive a live vaccine right before or during treatment);



	
₋ exclude pregnant status.









	
Long-term maintenance therapy

	
PPIs are generally safe.

The response is sustained in inflammatory phenotype (70%).

	
Esophageal candidiasis 4–5%.

Consider periodic monitoring for adrenal insufficiency, bone metabolism, and growth.

The strategy is to decrease the dose to the lowest adequate level.

Limited data on optimal dosage and side effects of long-term use

	
No long-term data.

The most common side effects include injection site reactions, upper respiratory tract infections, cold sores in the mouth or on lips, and joint pain (arthralgia).








PPI, proton pump inhibitor.













 





Table 3. Active trials on biological therapies in children and adolescents with EoE.
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	NCT Number
	Intervention
	Population
	Status
	Phase





	NCT04394351
	Dupilumab vs. placebo
	1–11 years old
	Active—not recruiting
	Phase 3



	NCT05247866
	Dupilumab in food reintroduction
	6–25 years old
	Recruiting
	Phase 4



	NCT04991935
	Cendakimab vs. placebo
	12–75 years old
	Recruiting
	Phase 3



	NCT04753697
	Cendakimab
	12–75 years old
	Recruiting
	Phase 3



	NCT05583227
	Tezepelumab vs. placebo
	12–80 years old
	Recruiting
	Phase 3










 





Table 4. Diet treatments of EoE in children and adolescents.
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Diet Therapy

	
Rationale

	
Indications

	
Advantages

	
Disadvantages






	
Elemental diet (ED)

	
Exclusive administration of aminoacidic-based formula.

Modified ED: one or two less-allergenic foods (vegetables or fruits) are permitted.

	
Toddlers or young children with severe active EoE.

Severe cases.

Rescue therapy in severe/refractory cases or temporary solutions.

	
Rapid remission in 2 weeks.

Higher compliance in infants and toddlers.

Pediatric amino-acid-based formulas are almost nutritionally complete.

	
Poor palatability.

Low compliance among children and adolescents.

Feeding skill regression may be observed in children with NG or G-tube.

Amino-acid-based formulas are expensive and not covered by insurance.

Less effective in patients with stricturing EoE.




	
Empiric food elimination diet (FED)

	
Step-up approach

(From 1–2-FED to 6-FED)

	
Pediatric patients.

Moderate symptoms.

A diet rich in milk and wheat.

	
Early identification of trigger food.

Short diagnostic process.

Avoid unnecessary diet restrictions.

	
Less effective.




	
Top-down approach

(From 6-FED to 1–2-FED)

	
Adults and adolescents with normal or high BMI.

Severe symptoms.

Baseline diet rich in fruits and vegetables.

There is much time to prepare alternative meals and high financial resources.

	
More effective.

	
Up to 7 endoscopies, one after every single food reintroduction.

Several diet restrictions.

Low compliance.

Risk of nutritional deficiencies.








BMI, body mass index; ED, elemental diet; FED, food elimination diet; NG, nasogastric.
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